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Descrierea conferinței 

Conferința națională ,,Sănătatea și fenomenul rezistenței la antimicrobiene  în țările cu venituri mici 
și medii din Europa de Est” este organizată de Universitatea de Stat de Medicină și Farmacie „Nicolae 
Testemițanu”, Institutul Național de Cercetare în Medicină și Sănătate (INCMS) , în cadrul Apelului 
multilateral JPIAMR HARISSA/ Joint Program Initiative (JPI) Antimicrobial Resistance  „One Health 
Interventions to prevent or reduce the development and transmission of Antimicrobial Resistance, 
AMR", Proiectului transnațional multilateral „Phage treatment and wetland technology as intervention 
strategy to prevent dissemination of antibiotic resistance in surface waters (PhageLand)”, 
22.80013.8007.1M. 

 

Finanțator: Comisia Europeană 
Acțiune de cofinanțare: JPIAMR-Action 
Acronim: PhageLand 
Coordonator: VETENSKAPSRADET (SRC), Suedia 
Perioada de implementare: 2021- 2025 
 

Partenerii internaționali aprobați prin Consorțium:  
1)  Catalan Institute for Water Research, Department of Water Quality, Spain  
2)  University of Warsaw, Faculty of Biology, Institute of Microbiology, Dept. of   
      Environmental Microbiology and Biotechnology, Poland  
3)  Warsaw University of Life Sciences (SGGW), Department of Biochemistry and  
      Microbiology, Poland  
4)  KU Leuven, Laboratory of Gene Technology, Leuven, Belgium 

5)  Quadram Institute Bioscience, Norwich Research Park, Rosalind Franklin Road, Norwich,   
      the United Kingdom 

6)  Delft University of Technology, Department of Biotechnology, the Netherlands 

7)  Nicolae Testemitanu State University of Medicine and Pharmacy, National Institute for   
      Health and Medical Research, Republic of Moldova 
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Link de acces:  https://meet.google.com/pcr-wkza-czc?hs=122&authuser=0   

9.00-9.15 ÎNREGISTRAREA PARTICIPANȚILOR (online) 

9.15-9.30 Cuvânt de deschidere Moderatori:  
Mihail TODIRAȘ  
Alina FERDOHLEB 

Angela PARASCHIV 

Liliana CONDRATICOVA  
Aurelia HANGANU 

Emil CEBAN 

Stanislav GROPPA  
9.30-10.00 Prezentare plenară Moderator:  

Mihail TODIRAȘ  Alina FERDOHLEB 

Prezentarea generală a proiectului transnațional 
multilateral PhageLand 

 

Link de acces: https://meet.google.com/tir-dzoz-bwo?hs=122&authuser=0 

10.00-11.00 
 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

Sesiunea 1  

ABORDAREA MULTISECTORIALĂ ÎN FENOMENUL 

DE REZISTENȚĂ LA ANTIMICROBIENE (RAM) 

Moderatori:  
Greta BĂLAN 

Olga BURDUNIUC 

• Maria ANTON 
Sistemul de supraveghere epidemiologică a rezistenței microorga-
nismelor la antimicrobiene în Republica Moldova 

• Oana-Simina IACONI, Greta BĂLAN, Alina FERDOHLEB 
Terapia cu bacteriofagi: metodă de combatere a rezistenței la 
antimicrobiene 

• Olga SOFRONIE 
Diagnosticul de laborator în infecția cu virusul encefalitei transmise 
de căpușe 

• Svetlana COLAC, Mariana ULINICI, Olga BURDUNIUC 
Analiza diversităţii genetice a virusului SARS-CoV-2 

• Lucia GALBEN, Oana-Simina IACONI, Greta BĂLAN 
Utilizarea potențială a bacteriofagilor la bioaugmentarea proceselor 
biologice de epurare a apelor uzate 

• Lucia TURCAN, Svetlana LATUS, Anastasia CARACAS 
Resistance of pathogens causing urinary tract infections in children 

• Nicolae BACINSCHI, Anastasia CARACAS, Svetlana LATUS, Eugenia 
VASILACHE 
Rational use of antibacterials in pleural empyema 

• Nicolae PUȘCAȘ 
Procedee de determinare rapidă a microorganismelor în 
medicamente 

• Dmitri IUNAC, Greta BĂLAN 
Acțiunea sinergică a compușilor chimici și extractelor din spirulină  

https://meet.google.com/pcr-wkza-czc?hs=122&authuser=0
https://meet.google.com/tir-dzoz-bwo?hs=122&authuser=0
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• Valentina CRETU, Olga BURDUNIUC, NICOLAE STARCIUC  
A review on prevalence and antimicrobial resistance of Salmonella 
spp. and Campylobacter spp: one health perspective 

 

Link de acces: https://meet.google.com/yhm-qmkn-oxq?hs=122&authuser=0 

11.00-12.00 
 

 
 

 

 
 

 

 

 

  

Sesiunea 2 

ABORDAREA O SINGURĂ SĂNĂTATE și ACTUALI-
TĂȚII ÎN SĂNĂTATEA PUBLICĂ  

Moderatori:  

Cătălina CROITORU 

Elena CIOBANU 

• Doina MACARI, Corina SCUTARI, Simona NEGREȘ, Mihail TODIRAȘ  Mapping 
the antibiotic consumption in the Republic of Moldova 

• Alina FERDOHLEB, Elena BUCATA, Vladimir BERNIC 
Benefits and challenges in using wetlands for wastewater treatment 

• Lilia ANDRONACHE, Valeriana PANTEA, Aurelian GULEA, Olga TAGADIUC, 
Valerii MATCOVSCHI, Valentin GUDUMAC  
Use of micromolecular copper complexes of thiosemicarbazidates as 
an endogenous catalase inducer/activator 

• Ana VÎLCOVA 
Rezistența la antibiotice: factor de risc în mediul ocupațional al 
lucrătorilor medicali 

• Ioana CALIGA 
Maladii bacteriene cu manifstări neurologice influențate de 
schimbarea climei 

• Cătălina CROITORU  
Microorganisme, boli infecțioase și relația cu schimbările climatice 

• Elena CIOBANU 
Efectele schimbărilor climatice asupra calității apei potabile 

 

Link de acces: https://meet.google.com/fcj-jkxa-sxo?hs=122&authuser=0 

12.00-13.00  Sesiunea 3 

PROMOVAREA CALITĂȚII VIEȚII POPULAȚIEI ÎN 
ȚĂRILE CU VENITURI MICI ȘI MEDII (LMIC)  

Moderatori:  

Larisa SPINEI 
Alina FERDOHLEB 

• Livia ȚAPU, Alina FERDOHLEB, Larisa SPINEI, Carles M. BORREGO 
Cunoștințe, atitudini și practici privind rezistența la antimicrobiene în 
țările cu venit mic și mediu 

• Raisa PUIA, Galina BUTA, Alina FERDOHLEB, Mihail TODIRAS 
The concept of the biobank information system of Nicolae Testemitanu 
State University of Medicine and Pharmacy of the Republic of Moldova 

• Lyubov VLASYK, Natalia RYNHACH, Anastasiya SUKHOLOTYUK, Svitlana 
MARINOVA, Leonid VLASYK 
Changes in young people's attitudes to the problem of COVID-19, flu 
and other upper respiratory infections during the war in Ukraine 

https://meet.google.com/yhm-qmkn-oxq?hs=122&authuser=0
https://meet.google.com/fcj-jkxa-sxo?hs=122&authuser=0
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• Iulianna LUPASCO, Tatiana GHELIMICI, Ludmila GOLOVATIUC 

Investigation of pancreatic activity parameters in patients during 
COVID-infection in Republic of Moldova 

• Elina ȘOR 
Assessment of the life quality after surgery for perforated 
gastroduodenal ulcer 

• Elena BEREZOVSCAIA 
Indicii calității vieții la bolnavii cu hepatopatii cronice din Republica 
Moldova 

• Ludmila GOMA 
Strategii de promovare în marketingul cabinetului stomatologic 

• Mariana CERNIȚANU  
Methods for stimulating the cognitive abilities used by students 

• Ecaterina GÎNCOTA, Ludmila MURZAC, Larisa SPINEI 
Case presentation - unilateral dyskinetic cerebral palsy: time for a 
change in cerebral palsy classification? 

• Stela RACOVITA, Veaceslav MOŞIN , Mariana SPRÎNCEAN  
Cytogenetic study in men from the population of the Republic of 
Moldova 

• Anastasia BENDELIC, Valentin BENDELIC, Ilia CATERENIUC 
Riscul varicelor recidivante și variantele anatomice ale venei safene 
mari 

 
Link de acces: https://meet.google.com/mve-vpdw-hfw?hs=122&authuser=0 

13.00-13.30 Închiderea lucrărilor conferinței  Moderatori: 
Alina FERDOHLEB 
Greta BĂLAN 
Olga BURDUNIUC  
Cătălina CROITORU 
Elena CIOBANU 
Larisa SPINEI 

 
 

 
 
 
 
  

https://meet.google.com/mve-vpdw-hfw?hs=122&authuser=0
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CUPRINS 
 

CUVÂNT ÎNAINTE  

Olga TAGADIUC. The joint transnational call for proposals 2021, JPIAMR HARISSA 

Sveatoslav POSTORONCĂ. Proiectul multilateral transnațional „Phage treatment and 
wetland technology as intervention strategy to prevent dissemination of antibiotic re-
sistance in surface waters” (PhageLand) 

ARTICOLE  
  

Carles M. BORREGO, Lukasz DZIEWIT, Malgorzata GRZESIUK-BIENIEK3, Rob 
LAVIGNE, Evelien ADRIAENSSENS, David WEISSBRODT, Alina FERDOHLEB. Phage 
treatment and wetland technology as intervention strategy to prevent dissem-
ination of antibiotic resistance in surface waters (PhageLand) 

15 

Oana-Simina IACONI, Greta BĂLAN, Alina FERDOHLEB. Terapia cu bacteriofagi: 
metodă de combatere a rezistenței la antimicrobiene (analiză narativă) 

37 

Livia ȚAPU, Alina FERDOHLEB, Larisa SPINEI, Carles M. BORREGO. Cunoștințe, 
atitudini și practici privind rezistența la antimicrobiene în țările cu venit mic și 
mediu: sinteză narativă 

47 

Doina MACARI, Corina SCUTARI, Simona NEGRES, Mihail TODIRAS. Mapping the 
antibiotic consumption in the Republic of Moldova 

54 

Nicolae BACINSCHI, Anastasia CARACAS, Svetlana LATUS, Eugenia VASILACHE. 
Rational use of antibacterials in pleural empyema  

61 

Raisa PUIA, Galina BUTA, Alina FERDOHLEB, Mihail TODIRAS. The concept of the 
biobank information system at Nicolae Testemitanu State University of Medi-
cine and Pharmacy, Republic of Moldova 

70 

Nicolae PUSCAS. A new procedure for the rapid determination of Pseudomonas 
aeruginosa bacteria in medications 

76 

Catalina CROITORU, Ioana CALIGA. Bacterial neurological diseases influenced by 
global warming 

83 

Ecaterina GINCOTA, Ludmila MURZAC, Larisa SPINEI. Case presentation – unilat-
eral dyskinetic cerebral palsy: time for a change in cerebral palsy classifica-
tion?  

89 

Lyubov VLASYK, Natalia RYNHACH, Anastasiya SUKHOLOTYUK, Svitlana MARI-
NOVA, Leonid VLASYK. Changes in young people's attitudes to the problem of 
COVID-19, flu, and other upper respiratory infections during the war in Ukraine 

94 

Dmitri IUNAC, Greta BALAN. Synergistic action of chemical compounds and spir-
ulina extracts  

101   

Mariana CERNITANU. Methods for stimulating cognitive abilities used by stu-
dents 

111 

Lilia ANDRONACHE, Valeriana PANTEA, Aurelian GULEA, Olga TAGADIUC, Valerii 
MATCOVSCHI, Valentin GUDUMAC. Use of micromolecular copper complexes of 
thiosemicarbazides as an endogenous catalase inducer/activator 

117 
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REZUMATE 

Lucia GALBEN, Oana-Simina IACONI, Greta BĂLAN. Utilizarea potențială a bacte-
riofagilor la bioaugmentarea proceselor biologice de epurare a apelor uzate 

124 

Valentina CRETU, Olga BURDUNIUC, Nicolae STARCIUC. A review on prevalence 
and antimicrobial resistance of Salmonella spp. and Campylobacter spp: one 
health perspective 

125 

Mihail RULEVSCHI, Dmitri IUNAC, Greta BĂLAN. Rezistența la antimicrobiene și 
factorii de patogenitate ai tulpinilor clinice de Staphylococcus spp. 

126 

Cristina SÎRBU, Nicolae STARCIUC, Olga BURDUNIUC. Evaluarea practicilor de 
utilizare a antibacterienelor de către medicii veterinari din Republica Moldova 

127 

Lucia GALBEN, Eugeniu CHEPTENE, Alexandru FERDOHLEB. Spectrul și rezistența 
la antimicrobiene ale infecțiilor tractului urinar asociate cateterizării 

128 

Nicolae PUȘCAȘ. Calitatea microbiologică a produselor farmaceutice nesterile 129 

Anastasia ALEXANDROV, Greta BĂLAN. Impactul metodelor microbiologice asu-
pra diagnosticului infecției cu Clostridiodes difficile 

130 

Ana VÎLCOVA r amelborP. ezisten ieț  la antibiotic la lanoițapuco luidem nî e  
lucrătorilor medical ăvitaran ăzetnis :i 

131 

Lucia TURCAN, Svetlana LATUS, Anastasia CARACAS. Resistance of pathogens 
causing urinary tract infections in children 

132 

Ioana CALIGA. Maladii bacteriene cu manifstări neurologice influențate de 
schimbarea climei 

133 

Alina FERDOHLEB, Elena BUCATA, Vladimir BERNIC. Benefits and challenges in 
using wetlands for wastewater treatment 

134 

Angela PARASCHIV, Vasilii GALBEN. Aspecte epidemiologice a infecțiilor de situs 
chirurgical: analiză narativă 

135 

Svetlana COLAC, Mariana ULINICI, Olga BURDUNIUC. Analiza diversităţii genetice 
a virusului SARS-CoV-2: revista literaturii 

136 

Iana COVACI, Ludmila GOMA. Marketing social în campaniile de vaccinare 137 

Stela RACOVITA, Veaceslav MOSIN, Mariana SPRINCEAN. Cytogenetic study in men 
from the population of the Republic of Moldova 

138 

Anastasia BENDELIC, Valentin BENDELIC, Ilia CATERENIUC. Riscul varicelor 
recidivante și variantele anatomice ale venei safene mari   

139 

Elina SHOR. Assessment of the life quality after surgery for perforated gastro-
duodenal ulcer 140 

Elena BEREZOVSCAIA. Indicii calității vieții la bolnavii cu hepatopatii cronice 
din Republica Moldova 

141 

Elena CIOBANU. Efectele schimbărilor climatice asupra calității apei potabile 142 

Iulianna LUPASCO, Tatiana GHELIMICI, Ludmila GOLOVATIUC. Investigation of 
pancreatic activity parameters in patients during COVID-infection in Republic 
of Moldova 

143 

Elena STEPCO, Maria PATRANAC, Alexandrina FERDOHLEB, Cristina DUMITRAS. 
Dental education for medical students 

144 

Ludmila GOMA. Strategii de promovare în marketingul cabinetului stomato-
logic 145 
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Olga TAGADIUC,  

PhD in medical science, university professor,   

Chair of Biochemistry and Clinical Biochemistry discipline, 

Nicolae Testemitanu State University of Medicine and Pharmacy, 

Chisinau, Republic of Moldova  

 

Joint programming (JP) has been a significant tool for planning and implementing research and 

development actions in Europe in this millennium. The European Union, along with its Member 

States and partners from associated and third countries, has endeavored to adopt a more coordi-

nated approach to financing, planning, and implementing research and innovation activities 

through joint actions. 

The Joint Program Initiative on Antimicrobial Resistance, JPIAMR, is an international collaborative 

platform involving 29 countries and the European Commission in the fight against antimicrobial 

resistance (AMR). JPIAMR coordinates national research funding and supports collaborative ef-

forts to address AMR knowledge gaps from the One Health perspective. The JPIAMR program 

identifies key areas that require attention and provides guidance to countries, aiming to harmo-

nize national and international AMR research programs to combat antimicrobial resistance glob-

ally. Aligned with the six strategic directions of the general research and innovation agenda of 

JPIAMR, the partnership engages in a wide range of activities with a One Health approach, seeking 

and supporting solutions to reduce the transmission of antimicrobial-resistant bacteria. 

The Moldovan team from the Nicolae Testemitanu State University of Medicine and Pharmacy, 

Republic of Moldova, is a partner in an international consortium implementing the project Phage 

treatment and wetland technology as an intervention strategy to prevent the dissemination of an-

tibiotic resistance in surface waters (PhageLand). This initiative is part of the Joint Transnational 

Call for Proposals 2021, titled “One Health interventions to prevent or reduce the development and 

transmission of antimicrobial resistance” (JPIAMR HARISSA).  

PhageLand aims to develop a novel intervention strategy that combines the cost -effective and envi- 
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ronmentally friendly treatment capabilities of constructed wetlands with specific phage-based 

treatments. The goal is to prevent the transfer of antibiotic resistance from wastewater to surface 

water. The PhageLand project, a multi-stakeholder study, utilizes public health methods to identi-

fy multidrug-resistant bacterial pathogens in the Republic of Moldova. Phage-based treatments 

have been adapted to eliminate these multidrug-resistant pathogens from wastewater. Simultane-

ously, PhageLand assesses, in Spain and Moldova, the capacity of real-scale wetlands to self-purify 

from antibiotic residues, antibiotic-resistant bacteria, and antibiotic resistance genes. The project 

also explores the potential risks associated with the dissemination of the latter in native bacterial 

communities and among wetland animals. 

The project serves as a commendable model for the involvement of researchers from the Republic 

of Moldova in multilateral projects addressing significant global and national issues. It facilitates 

the development of capacities among Moldovan researchers, fosters the establishment of networks 

with colleagues from various countries, and enhances the visibility of Moldovan researchers on the 

international stage.  
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Proiectul multilateral transnațional „Phage treatment and wetland technology 
as intervention strategy to prevent dissemination of antibiotic resistance in 

surface waters” (PhageLand) 
 

 

Sveatoslav POSTORONCĂ, 

Direcția cooperare internațională și dezvoltare durabilă, 

Agenția Națională pentru Cercetare și Dezvoltare 

Membru în Consiliul de administrare al I.C.P. RAM 

Chișinău, Republica Moldova  

Stimate cititor, 

În condițiile actuale, caracterizate de profunde crize sistemice globale, în contextul cărora ne con-

fruntăm cu serioase provocări și amenințări pentru cele mai importante ramuri vitale ale societății, 

așa ca: sănătate, climă, securitate alimentară, cibernetică, militară și energetică, exercițiul de alo-

care a finanțărilor din fondurile naționale sau internaționale, dedicate activităților științifice nece-

sită implicare profesionistă. Pentru a crește gradul de reziliență, performanță și competitivitate 

economică a unei societăți, subiectele de utilizare cât mai eficientă a resurselor alocate, au fost și 

rămân „cap-de-listă” pe agendele managementului sistemului domeniilor de cercetare și inovare. 

La fel de important este și rolul prioritizării tematicilor procesate de comunitatea științifică. În 

urma analizelor statisticilor ce cuantifică prejudiciile aduse la nivel mondial atât omului, cât și 

mediu ambiant în care el vețuiește, ca urmare a utilizării insuficient de raționale a preparatelor 

antibiotice, domeniul Rezistenței la Antimicrobiene (RAM) se plasează pe un loc distinct. Savanții 

au descifrat deja foarte bine circuitul preparatelor folosite de acest gen în natură, ajungând la 

concluzia că răspândirea efectelor RAM nu se supun limitărilor condiționate de hotare dintre țări 

sau părți ale lumii, tipuri de organizare a orânduirilor sociale, nivelul de dezvoltare economică a 

țărilor etc. Anume din aceste considerente și sunt constituite instituții la nivel internațional, cu 

mandat dedicat de gestionare a arealului de probleme de acest gen. Important este exemplul 

implicării Organizației Mondiale a Sănătății, Organizației Naționilor Unite prin intermediul 

ODD-urilor și a altor asociații profesionale de anvergură. Același format participativ persistă și la 

partea de activități de cercetare, urmărind consolidarea efortului oamenilor de știință într -o 

manieră sistematizată, focusată pe sănătatea oamenilor, a animalelor și pe starea mediului, viziu- 
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ne care a formulat conceptul „O Singură Sănătate” („One Health”).  

Programul-cadru pentru cercetare și inovare Orizont Europa al UE este în derulare, al nouălea la  

număr, de-a lungul anilor. Calea parcursă în organizarea și desfășurarea activităților de cercetare 

și inovare pe continentul European, totodată stabilind legături de colaborare pe întregul 

mapamond a permis crearea unor mecanisme și instrumente capabile de a lansa acțiuni de 

finanțare a proiectelor realizate în comun de consorțiile transnaționale, practică preluată de la 

programele anterioare. În lista acestora se regăsesc cele zece Inițiative Comune de Program, din 

care face parte Rezistența la Antimicrobiene (Joint Programme Initiatives on Antimicrobian Resis-

tance - JPIAMR). I.C.P. RAM este o platformă internațională colaborativă, ce întrunește Comisia 

Europeană cu 29 de state ale lumii în dezideratul de a contracara fenomenul RAM, unde, din 

afara continentului European fac parte Canada, Argentina, Chile, India, Japonia, Coreea de Sud, 

Africa de Sud și Egipt. Anual, în cadrul inițiativei RAM sunt lansate concursuri multilaterale pen-

tru propuneri de proiecte prin intermediul acțiunilor de co-finanțare din bugetele naționale ale 

țărilor participante, cu contribuția CE. Foarte important este de a menționa faptul implicării tot 

atât de colaborative a tuturor reprezentanților țărilor semnatare în procesul de elaborare nu doar 

a documentelor pentru lansarea concursurilor, proces în care sunt agreate toate condițiile expuse 

de parteneri pentru a se conforma la prevederile cadrului legal național din domeniu, dar și a do-

cumentelor strategice și operaționale de politici, ce reglementează dezvoltarea științifică a dome-

niului. Respectiv, în asemenea exercițiu sunt implicați alături de reprezentanții managementului 

în cercetare și inovare, experți din rândurile savanților cu recunoaștere internațională.  

Republica Moldova, prin adresarea scrisorii de intenție din partea Agenției Naționale pentru Cer-

cetare și Dezvoltare (ANCD) către organele de guvernanță ale I.C.P. RAM, în 2019 a fost acceptată 

în calitate de membru cu drepturi depline, astfel, în perioada anului 2020, participând în procesul 

de prefigurare a concursului pentru anul 2021. Este un rezultat reprezentativ al colaborării ANCD 

cu reprezentanții organizațiilor naționale din domeniile cercetării și inovării, precum Universita-

tea de Stat de Medicină și Farmacie „Nicolae Testemițanu”, Agenția Națională pentru Sănătate 

Publică și a altor instituții din sistem, exemplu ce merită a fi propagat și replicat în rândurile 

comunității științifice din țară. La momentul de debut al țării noastre în concursul I.C.P RAM, 

lansat în 2021 cu genericul „Intervenția abordării O Singură Sănătate pentru a preveni sau a re-

duce evoluția și transmisia Rezistenței la Antimicrobiene” din lista celor depuse, câștigătoare a fost  
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propunerea proiectului „Phage treatment and wetland technology as intervention strategy to pre-

vent dissemination of antibiotic resistance in surface waters” cu acronimul „PhageLand”, având 

USMF  „Nicolae  Testemițanu”  ca  partener  cu  instituțiile  omoloage  din Spania,  Polonia, Belgia, 

Principatele Unite și Țările de Jos. Un alt exemplu de colaborare a cercetătorilor moldoveni este 

proiectul „Bench, Bedside, Business, and Beyond: innovative solutions for AMR diagnostics” cu 

acronimul „B2B2B AMRDx”, unde sunt implicați reprezentanții Institutului de Ftiziopneumologie 

„Chiril Draganiuc”. Participarea ANCD la concursurile lansate de I.C.P. RAM continuă. Anul 

curent 2024 suntem iarăși parte a noului apel „Intervenții care avansează pentru a promova acțiu-

ni pentru a contracara apariția și răspândirea rezistenței bacteriene și fungice și pentru a 

îmbunătăți tratamentele”. Nutrim speranțe în depunerea noilor propuneri reușite, cu accesarea 

granturilor de finanțare pentru implementarea  proiectelor.  

Revenind la cele menționate la începutul acestui mesaj, este cazul de a reitera despre faptul 

conștientizării autorităților asupra necesității finanțării tematicilor menționate în context, ca fiind 

din aria celor de importanță majoră pentru sănătatea populației țării, integrată în sănătatea la 

nivel global. Despre aceasta mărturisește și direcția „Supravegherea și controlul rezistenței la 

preparatele antimicrobiene” din cadrul priorității strategice dedicată sănătății, regăsindu -se în 

documentul recent aprobat la nivel de țară „Programul național în domeniile cercetării și inovării 

pentru anii 2024-2027”. De asemenea, la partea de cooperare internațională, ANCD intenționează 

participarea în noi forme de parteneriate profesionale dedicate combaterii RAM.  

Mult succes cercetătorilor și inovatorilor, celora ce aspiră către explorarea platformelor unor 

asemenea activități în cooperare, apreciată implicare cu dăruire, ce ne asigură o societate 

sănătoasă și prosperă. 
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BACKGROUND 

PhageLand aims to develop a novel intervention 
strategy combining the low-cost and eco-friendly 
purification capacity of passive treatment sys-
tems, namely constructed wetlands (CW), with a 
dedicated phage-based treatment to prevent the 
transmission of antibiotic resistance (AR) from 
wastewater into surface waters. PhageLand in-
cludes public health investigations targeting mul-
tidrug resistant bacterial (ARB) pathogens in low-
middle income countries (LMICs) in Eastern Eu-
rope. The phage-based treatment will be specifi-
cally tailored to eliminate these multidrug-re-
sistant pathogens from wastewater. In parallel, 
PhageLand aims to assess: (i) the self-purification 
capacity of model full-scale CWs operating in 
Spain and Moldova in removing antibiotic resi-
dues, ARB and antibiotic resistance genes (ARGs); 
and (ii) the potential risk associated with the dis-
semination of ARB and ARGs within indigenous 
bacterial communities and among animals inhab-
iting CWs. Experimental tasks will include field 
and laboratory experiments involving cutting-
edge chemical, biotechnological and (meta)ge-
nomic techniques as well as animal testing. Fi-
nally, a pilot-scale infrastructure will be used to 
scale-up the PhageLand technology and to assess 
its performance under real environmental condi-
tions. This proof-of-concept will be used to 
demonstrate the efficacy and scalability of this na-
ture-based technology for combating AR and to 
encourage stakeholders for its implementation in 
wastewater treatment, particularly in LMICs 
where costly and power-demanding treatment 
plants are difficult to set up. 

One-Health areas relevant:  
- Human Health,  
- Animal Health,  
- Environment. 

Scientific area:  
- Understand the impact of interventions on 

the development and transmission of anti-
biotic resistance in, and/or between, at 
least two One Health settings. 

- Design, implement, evaluate, and/or com-
pare innovative interventions to control 
the development and transmission of anti-
biotic resistance in, and/or or between, at 
least two One Health settings. 

 

PROJECT DESCRIPTION 

Antibiotic resistance (AR) is widespread and dif-
ficult, if not impossible, to limit by biological, 
physical or geographical barriers. This is the rea-
son behind the “One Health” approach that guides 
all regulations and research plans on AR world-
wide (United Nations, 2016 Political Declaration 
of the high-level meeting of the General Assembly 
on Antimicrobial Resistance. New York, USA). The 
misuse and overuse of antibiotics in human med-
icine, veterinary practices, animal husbandry, ag-
riculture and aquaculture have traditionally been 
targeted as the main reasons for its global spread 
but other factors such as poor sanitation and poor 
governance have recently been identified as com-
pelling contributors to high AR levels across 
countries (1). Currently, much higher rates of in-
fection by multidrug-resistant pathogens and re-
sistance prevalence have been observed in coun- 
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tries spending less on water sanitation, commu-
nity infrastructure and public health. Unfortu-
nately, the majority of these countries correspond 
to a group of low-income and middle-income 
countries (LMICs). 
 

Wastewater discharges as source of chemical 
and biological pollutants 

In urban areas, humans are the main source of an-
tibiotic residues, antibiotic-resistant bacteria 
(ARB) and antibiotic resistance genes (ARGs), 
which are excreted through feces and conveyed in 
sewers from individual toilets to wastewater 
treatment plants (WWTPs). Although these facili-
ties effectively reduce the nutrient content and 
bacterial loads from wastewater to acceptable 
levels before discharge, conventional treatments 
are far from optimal in the removal of pharma-
ceutical compounds (including antibiotics), ARB 
and ARGs (2, 3, 4). This inefficient removal results 
in a chronic input of a vast array of both antibiotic 
residues and wastewater-associated ARB (includ-
ing multidrug-resistant pathogens) into the re-
ceiving environments (5, 6), regardless of the 
treatment technology applied (7). Many studies 
have highlighted the role of environmental set-
tings (e.g., water or soil) as reservoirs and con-
duits for the acquisition and dissemination of AR 
between environmental bacteria but also from 
them to wildlife and, eventually, to humans (8,9). 
Needless to mention that this situation is even 
worse in LMICs where sewage is often discharged 
untreated (or partially treated) into the environ-
ment due to the lack of treatment infrastructures  
caused by their high-power consumption and 
overall maintenance costs. 

According to the World Bank list of economies an-
nounced in 2021 (https://www.worldbank.org), 
the low income countries (LICs) are defined as 
those with a Gross National Income (GNI) per cap-
ita of $1,035 and lower middle-income countries 
(LMICs) are those with a GNI per capita between 
$1,036 and $4,045. Currently, there are 29 LICs 
and 50 LMICs, mostly in Africa and Asia and only 
two in Europe (Moldova and Ukraine). Then, 
among upper middle-income countries (UMICs), 
12 out of 56 countries (i.e., Albania, Armenia, 
Azerbaijan, Belarus, Bosnia and Herzegovina, Bul-
garia, Kazakhstan, Kosovo, Montenegro, North 
Macedonia, Russian Federation, and Serbia) are 
European ones. However, careful inspection of 
their economy locates them close to the upper 

threshold of LMICs, highlighting their relative low 
income per capita. Summarizing, 14 (30%) out of 
46 European countries can be classified as bor-
derline low-and middle income economies, with 
limited funds spent on waste treatment and envi-
ronmental protection. Further investigation for 
sustainable and cost-effective waste treatment 
technologies is urgently needed worldwide, in-
cluding Europe, which is usually omitted when 
considering low-income economies. 
 
Constructed wetlands as eco-friendly alterna-
tive to wastewater treatment 

Compared to conventional treatment technolo-
gies (i.e., WWTP), constructed wetlands (CW) are 
passive treatment systems that offer a cost-effi-
cient and eco-friendly solution for the remedia-
tion of wastewaters of various origins (10, 11). 
Despite their low power consumption and low 
maintenance requirements, their application is 
far from widespread. This may be a consequence 
of their dependence on many factors, including 
operational (system configuration, hydraulic re-
tention time), abiotic (temperature, irradiation, 
water chemistry, substrate used, type of pollu-
tant) and biotic (vegetation type, composition of 
microbial communities and wastewater origin) 
(12 – 17). This variability of influencing factors 
leads to ambiguous results among studies, not 
only for chemical pollutants (pesticides and 
emerging contaminants, including antibiotics), 
but also in the removal of wastewater-derived mi-
crobes, including ARB and ARGs (18 – 21). How-
ever, most studies have been carried out in lab-
type CWs or pilot plants, posing serious limita-
tions to the extrapolation of their results to full-
scale CW. Although these studies have provided 
valuable information, comprehensive field stud-
ies and insight into genetic processes (e.g., hori-
zontal gene transfer) in CWs are needed to assess 
its performance and effectiveness. Nevertheless, 
scientists and engineers accordingly point out 
that, as nature-based and cost-effective solutions, 
CWs form a highly promising, scalable technology 
for the removal of emerging pollutants, especially 
in LMICs. 

In order to assess the performance and effective-
ness of CWs, interactions between environmental 
factors, both within and between biotic and abi-
otic compartments should be taken into account. 
This is essential considering that these systems 
utilize the symbiotic and/or synergistic effects of  
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plants, microorganisms, animals, and substrates 
to improve water quality. Natural wetlands rep-
resent one of the ecosystems with the richest bio-
diversity. In fact, wetlands cover 6-8% of the 
Earth's surface, which are naturally inhabited by 
up to 40% of the world's flora and fauna species. 
Like natural wetlands, CWs provide habitats for a 
large diversity of wildlife species. Most animals 
inhabiting CWs are benthic invertebrates and 
fish, which may promote the efficiency of pollu-
tant removal by plants and influence microbial di-
versity (22). However, it has been shown that 
aquatic animals may act as vectors for ARB and 
ARGs (23), thus it is crucial to evaluate their role 
and potential epidemiological risks that may be 
generated in CWs. Constructed wetlands func-
tioning relies on their self-purification capacity, 
specific metabolic properties and complex biodi-
versity. Thus, these systems are perfect objects to 
study the biotic resistance hypothesis, that de-
scribes the chances of the invasive species to be 
successful in the novel environments and as-
sumes that the species diverse environments are 
more resistant to invasive species. It seems that 
this hypothesis is important to investigate the dis-
semination of ARB (as invasive species) in various 
environmental settings and the role of biodiver-
sity in preventing their spread. In PhageLand we 
will evaluate if naturally biodiverse CWs are re-
sistant to invasion by ARB and thus create a bar-
rier against the spread of AR into surface waters. 
Moreover, we will evaluate the benefits, draw-
backs and trade-offs of application of phage treat-
ment in CWs, and how these bio-agents influence 
the biodiversity and self-purification capacity of 
CWs. 
 
Bacteriophages as tool for improving waste-
water sanitation 

Lytic bacteriophages (phages) are bacteria-in-
fecting viruses that prey on their host to replicate 
and ultimately lyse it. Phages are naturally pre-
sent in wastewater and WWTPs, but, like many 
other viruses, they are not efficiently removed 
(24). Advances in sequencing technologies are 
now allowing bacterial and phage communities to 
be investigated using metagenomics and viromics 
(metagenomics of the viral fraction (25, 26)). 
Long-term viromic analyses of wastewater not 
only showed that phages are a major viral compo-
nent but also showed temporal dynamics indica-
tive of active bacterial predation (27). Similarly, 

metagenomics allows the study of the acquisition 
and mobilization of ARGs and shows that without 
intervention the ARG profile is persistent over 
time (28, 29). By coupling these two observations, 
we may conclude that an active system for the 
elimination of ARB/ARGs is needed and phages, 
as natural bacteria killers, constitute a promising 
tool. In parallel to the medical sector (30, 31), 
phage therapy is used in environmental engineer-
ing to control biofilms and combat biofouling of 
membrane systems during drinking water treat-
ment (32, 33). 

The specificity and self-replicating nature of 
phages also make them also ideal alternatives to 
disinfectants with minimal collateral damage to 
ecosystems. This opens an opportunity to selec-
tively track specific groups of ARB (e.g., the six 
highly virulent and antibiotic-resistant pathogens 
Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa, and Enterobacter spp. – 
referred to as ESKAPE) by carefully using selected 
phage cocktails (34). In fact, phages and phage-in-
spired technologies are currently being explored 
as a complement to antibiotic treatment in human 
and veterinary medicine as well as sustainable bi-
ocontrol agents in agriculture (35 - 38). Thus, 
their usage in wastewater treatment for targeted 
removal of ARB can result in a natural conse-
quence of previous applications. 
 

Knowledge gaps and intervention strategy ad-
dressed by PhageLand 

Despite the wealth of information on the use of 
CW as a cost-effective alternative to conventional 
wastewater treatments, many knowledge gaps 
still exist regarding their optimal configuration 
and biological composition for the efficient re-
moval of ARB and associated ARGs. Despite being 
proposed as a safe alternative to antibiotic ther-
apy to combat infections caused by multidrug-re-
sistant pathogens, the efficacy and safety of 
phages as “silver bullets” to eliminate problem-
atic ARB in environmental settings remain un-
known. 

The aim of PhageLand is to combine the self-puri-
fication capacity of constructed wetlands and the 
specificity of phages to remove ARB, including 
well-known multidrug-resistant human patho-
gens, and their resistance genes from wastewater 
before discharge into surface waters. This tech- 
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nology will be evaluated in terms of: (i) efficacy in 
the removal of target ARB (including ESKAPE 
pathogens); and (ii) ecological safety (i.e., preser-
vation of natural bacterial diversity, lack of side 
effects on ARG dissemination between environ-
mental bacteria and from them to animals). The 
PhageLand technology will be implemented in a 
scaled-up pilot infrastructure to be used as a 
proof-of-concept of a cost-effective and eco-
friendly intervention strategy to reduce the bur-
den of ARB and ARG that chronically pollute sur-
face waters and to mitigate the environmental 
transmission of AR determinants.  

PhageLand plans to develop a safe, cost-effective, 
scalable and sustainable technology that could be 
easily deployed in LMICs where economic con-
straints impede the construction of costly and 
high-power demanding treatment technologies 
(fig. 1). In this regard, PhageLand will focus on 

post-soviet Eastern European countries that have 
traditionally been overlooked when thinking 
about LMICs (usually recognized only as Asian or 
African countries), which we identify as a huge 
gap in perception of global needs. In this project, 
Moldova will be used as a model country, repre-
senting European LMICs. 

However, proposed technology will be universal, 
thus may be easily transferred to other countries, 
irrespectively of their economic status. Phage-
Land is specially committed to provide effective 
solutions that help on preventing the transmis-
sion of AR through different “One Health” com-
partments (human, animal, environment) by 
combining field and laboratory experiments, clas-
sical microbiology, environmental chemistry, cut-
ting-edge genomic techniques, microfluidics, ani-
mal testing and environmental engineering. 

 
 

 
 

 
 

Figure 1. Conceptual framework of PhageLand.  
Urban wastewater contains antibiotic residues and human-derived microorganisms (including well-
known human pathogens resistant to antibiotics) that may withstand either traditional treatment in 

WWTPs or passive treatment in CW. The PhageLand technology will improve the nature-based purifi-
cation capacity of CW by applying an specific phage bio-treatment to specifically remove ARB (includ-

ing ESKAPE pathogens) thus providing environmentally safe water and minimizing the risk of dissemi-
nation of AR determinants across “One Health” compartments (human-animal-environment). 
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The main objectives in order of priority 

 

Aim 
No. 

Description 

Partner(s) 
responsible 
for the aim 
/workload 

(fig. 2) 

PL-1 

Develop a practical nature-based technology based on self-purification ca-
pacity of CW and phage specificity against  multidrug-resistant pathogens as 
a cost-effective and eco-friendly intervention strategy to reduce the risk of  
dissemination of AR into the environment.  
Addressed in Work Packages 3, 4, 5, 6. 

All 

PL-2 
Evaluate the capacity of CWs for the removal of chemical  (antibiotic residues) 
and biological pollutants (ARB and ARGs) from communal wastes.  
Addressed in Work Package 3 

All 

PL-3 

Select specific phages targeting wastewater-derived ARB – focusing on mul-
tidrug-resistant ESKAPE pathogens— and to assess their efficacy on the re-
moval ARB/ARGs from communal wastes.  
Addressed in Work Package 4 

KUL, QIB 

PL-4 

Design and scale-up a pilot infrastructure to implement the proposed Phage-
Land technology and to assess its efficiency in the removal of antibiotic resi-
dues and multidrug-resistant pathogens from well-defined laboratory to 
complex, real environmental conditions.  
Addressed in Work Package 6 

TUD, UW 

PL-5 
Assess to what extent animals feeding on or inhabiting CWs  accumulate 
wastewater-derived ARBs/ARGs in their microbiota. Addressed in Work Pack-
age 5 

ICRA, UW, 
SGGW, QIB 

PL-6 
Evaluate the epidemiological risk of communal wastes as a  source of ARB in 
relation to public health focusing on Eastern European LMICs.  
Addressed in Work Package 2 

NTSU 

PL-7 

Develop a novel method of tracking horizontal transfer of  ARGs in various 
environments by coupling droplet microfluidics and high-throughput fusion 
PCR amplicon sequencing.  
Addressed in Work Package 3 

UW 

Note: ICRA - Catalan Institute for Water Research; UW- University of Warsaw; SGGW - Warsaw University of 
Life Sciences; KUL - KU Leuven; QIB - Quadram Institute Bioscience; TUD - Delft University of Technology; 
NTSU – Nicolae Testemitanu State University of Medicine and Pharmacy. 
 

 
 

WORK PLAN 
 
PhageLand is structured in 7 work-packages (WP) including those related to the coordination (WP1) 
and dissemination of results (WP7). 

WP1. Coordination 

Lead Partner: ICRA 

Participation: all other partners 

Objectives: To establish procedures enabling fruitful cooperation between project partners and then to  
implement them into practice during project realization. 
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Figure 2. Partners responsible for the aim / workload. 
 
 

Coordination, interaction and communication between project partners  

ICRA will, as coordinating partner, take charge of 
all tasks required for the successful development 
of the project, including administrative services, 
the organization of project meetings, and pro-
gress monitoring. In collaboration with all part-
ners, ICRA will manage contingency plans to face 
potential risks and to avoid delays in reaching 
milestones and deliverables. The coordinator will 
also write the reports after collecting data from 
all partners. 

The project will start with a Kick-Off meeting at 
ICRA (Spain) to set the goals and discuss priori-
ties in terms of materials, time schedule and mile-
stones. The External Advisory Board will be in-
vited to the kick off to introduce the consortium 
members and to discuss base elements for the 
project and planned activities. 

Every 3 months, partner PIs will participate in 
online Steering Committee Meetings (SCM) to re 

solve experimental uncertainties, agreements on 
internships, assess achievement of goals and 
milestones, determine completion of delivera-
bles, administrative issues, and dissemination 
and communication activities (Exploitation and 
Dissemination of Results). SCM will be recorded 
and summarized in minutes by the coordinator 
and shared via a teamwork hub platform (Mi-
crosoft Teams, MT). Mid-Term (UW, Poland) and 
Final (ICRA, Spain) meetings will be held to mon-
itor the progress of the project and its overall de-
gree of achievement, respectively. In both meet-
ings, partners will present project results to the 
consortium, the invited stakeholders and the Ex-
ternal Advisory Board. The participation of stake-
holders will ensure essential feedback regarding 
the utility of the proposed intervention (Phage-
Land technology) to reduce the dissemination of 
AR. Meeting notes, presentations, and agree-
ments will be shared among assistants using MT. 
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External Advisory Board and Intellectual Property Management 

We will create an External Advisory Board to help 
in the decision-making process within the Phage-
Land framework and to evaluate its outcomes 
from the perspective of their expertise. 

Within the WP1 we will also establish an internal 
committee to evaluate Intellectual Property Right 
(IPR) and Knowledge Management Strategy. For 
this committee, each partner will select one rep-
resentative and the decisions about the possible 

patenting and public presentations of key 
achievements will be made by simple majority of 
votes taken. Results will be reviewed by an IPR 
expert to evaluate their potential patentable con-
tents and to support the project partners in pro-
tecting their innovations by providing infor-
mation and contacts to responsible authorities, 
taking into account variable IPR regulations in 
participating countries. 

 

Specific tasks 

1.1. Coordination of activities across partners and WPs. 
1.2. Evaluation of IPR and Knowledge Management strategy. 
 

Milestones 

M1. Creation of the internal committee on IPR. 
M2. Creation of External Advisory Board. 
 

Deliverables 

D1. Efficient coordination of both scientific, financial and administrative activities . 
D2. Evaluation plans for IPR and Knowledge Management Strategy. 
 

WP2. PUBLIC HEALTH INVESTIGATIONS IN EUROPEAN LMICs 

Lead Partner: NTSU 

Participation: ICRA, UW 

Objectives: To provide an updated picture of the 
situation of AR in relation to human health in Mol-
dova as well as other Eastern Europe LMICs. Spe-
cific goals are: (i) to carry out a meta-analysis of 
antibiotic consumption data as well as the preva- 

lence and risk of infections caused by ARB in East-
ern Europe LMICs; (ii) to select prevalent multi-
drug-resistant bacterial pathogens from a collec-
tion of isolates already available at the NTSU to be 
used in WP4 and WP5. 

 

Description: This WP is divided in two parts, as follows: 
 

a) meta-analysis of available data on antibiotic 
consumption and the epidemiological risk of in-
fection by antibiotic-resistant pathogens in Mol-
dova and neighboring countries (representing 
European LMICs/UMICs). This meta-analysis will 
also include a Knowledge, Attitudes and Practices 
(KAP) survey in areas with high antibiotic con-
sumption across Moldova, which will be treated 
as a model country in planned studies. An addi-
tional survey will also be conducted in areas with 
low antibiotic consumption as a control group. 
The meta-analysis is planned to include all medi-
cal institutions in Moldova (370–385) to estimate 
the defined daily dose (DDD)/1000 inhabit-
ants/day for each antibiotic separately and thus it 
will be organized as a cross-sectional qualitative 

research, including a standardized questionnaire 
(for 3- 5 thousand respondents: general popula-
tion, healthcare professionals and veterinarians) 
in high-risk areas. Before conducting the survey, 
we will carry out a pilot study on randomly se-
lected participants (n=30) in order to test the 
clarity, reliability, and validity of the question-
naire, which will be revised accordingly. The 
questionnaire will include three main sections: (i) 
general data; (ii) data on recent antibiotic con-
sumption; and (iii) data on knowledge, attitude 
and practice regarding antimicrobial resistance. 
More importantly, this survey will also involve 
the local population assisted by the Orhei con-
structed wetland, used as model CW in WP3. In 
this regard, we will also carry out a sanitary epi- 
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demiological evaluation of the localities assisted 
by the Orhei CW (ca. 26,000 inhabitants) to allow 
a better characterization of the communal wastes 
treated by this CW. Statistical analyses will be car-
ried out using Epi Info™ (https://www.cdc.gov/ 
epiinfo/index.html) and IBM SPSS Statistics. This 
will be the first global study on antibiotic con-
sumption in Moldova. 

b) screening of a large collection of multidrug-re-
sistant bacterial isolates available Partner 7 
(NTSU) to identify, select and characterize repre-
sentatives of E. coli, K. pneumoniae, A. baumannii 
and P. aeruginosa for their use in WP4 and WP5. 
It is expected that between 5 and 10 isolates from 
each species, originally obtained from patients 
with infectious diseases, will be selected for fur-
ther analysis. Prior to selection, the isolates will 
be identified and characterized phenotypically by 
the NTSU team. Moreover, antimicrobial suscep-
tibility testing will be performed and interpreted 
according to the EUCAST breakpoints (https:// 
www.eucast.org/clinical_breakpoints/). Confir-
matory testing will also be performed on isolates 
in which the extended-spectrum β-lactamase 

(ESBL) screen may indicate ESBL production. 
Among them, the following tests will be per-
formed: (i) double-disc synergy and combo con-
firmatory tests for ESBL detection; (ii) AmpC de-
tection tests; (iii) colorimetric tests for car-
bapenemase production (CARBA PAcE); (iv) im-
munochromatographic tests targeting OXA-23 in 
Acinetobacter spp., and OXA-48 and MBL in En-
terobacteriaceae and P. aeruginosa; and (v) PCR 
tests for the detection of KPC, OXA-48, IMP, NDM 
and VIM carbapenemase genes. All isolates will be 
stored at – 80°C in Cryoinstant tubes. Subse-
quently, the isolates will be sent by courier (e.g., 
DHL or FedEx) to Partner 2 (UW) for their ge-
nomic characterization (whole genome sequenc-
ing) to properly identify ARGs content and their 
genetic context (chromosomal or plasmid origin) 
and to Partners 4 (KUL) and 5 (QIB) for phage iso-
lation and host range analyses. The isolates will 
be dispatched in double pack containers to the 
UW team, according to the respective national bi-
osecurity and biosafety regulations, and the Inter-
national Air Transport Association regulations as 
UN 3373 (Biological Substance, Category B). 

 
Specific tasks 

2.1. Meta-analysis of antibiotic consumption in European LMICs. 
2.2. Characterization of MDR bacteria from Moldova. 
 

Milestones 

M3. Design of questionnaire to survey the antibiotic consumption and knowledge, attitude and practice 
(KAP) on antimicrobial resistance. 
 

Deliverables 

D3. Map showing areas with high antibiotic consumption across Moldova. 
D4. Report on KAP in areas with high antibiotic consumption across Moldova. 
D5. Estimated risk of infection by antibiotic-resistant pathogens in Eastern Europe LMICs. 
D6. Collection of multidrug-resistant bacterial isolates (including ESKAPE pathogens) fully character-
ized in terms of phenotypic and genotypic antibiotic resistance profiles.  
 

WP3. PERFORMANCE OF CONSTRUCTED WETLANDS IN FIELD CONDITIONS 

Lead Partner: ICRA/NTSU 

Participation: UW, QIB 
 
Objectives: The main goal of WP3 is to assess the 
overall capacity of two model, full-scale CWs op-
erating in two geographically, climatically and 
economically contrasting regions (Spain and Mol- 

dova) on the removal of chemical (antibiotic resi-
dues) and biological (ARB and ARGs) emerging 
pollutants. 

 

Description: All activities of this WP will be car-
ried out in two CW operating in Spain (Em- 

puriabrava, Girona, NE Spain) and Moldova 
(Orhei Constructed Wetland) that will be used as 
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model systems. The Empuriabrava constructed 
wetland (ECW, Girona, Spain) was constructed 
from 80% public (European Union’s Cohesion 
Funds) and 20% private funds (Consorci Costa 
Brava, https://www.cacbgi.cat) and operates 
since 1998 as a tertiary treatment of the effluent 
of the Empuriabrava WWTP (67,000 population 
equivalents). The ECW effluent is pumped to an 
18-ha artificial pond located at the entrance of the 
natural preserved area of Els Aiguamolls de l’Em-
pordà to provide additional water to the pro-
tected area in summer (39). The Orhei Con-
structed Wetland (OCW; https://is.gd/j4Bb08) is 
the biggest treatment system entirely based on 
CWs in the world. It provides service to about 

26,000 inhabitants plus a few agro-industries and 
it consists of 4 lines operating in parallel, each 
composed of two vertical flow stages in series. 
The large area covered by both model CWs (and 
especially OCW) makes it impossible to carry out 
a comprehensive analysis of target analyses in the 
framework of the current project. Thus, we will 
carry out a dedicated collection of samples along 
a spatial transect from the inlet to the final outlet 
in both CWs with particular focus at the differen-
tial treatment stages (fig. 3). Sampling along this 
horizontal transect will include water and sedi-
ments at the ECW and water and bed substrata at 
the OCW (all samples will be collected in tripli-
cate). 

 

 

Figure 3. Schematic drawing of (A) the Empuriabrava wastewater treatment plant (WWTP) and the 
adjacent constructed free-water surface constructed wetland system; and (B) the CW wastewater 

treatment plant at Orhei (Moldova). RBF: FRB: French reed bed system (First stage); VF: Vertical Flow 
(second stage). In both cases yellow dots indicate the location of planned sampling points along the 

influent-effluent transect 
 
Water, and sediment/bed substrates will be col-
lected and processed, according to the Interna-
tional Organization for Standardization recom-
mendations (ISO 5667-1:2020), before sending 
them to ICRA and UW teams for chemical and mo-
lecular analysis, respectively. Briefly, antibiotic 
residues will be quantified by Partner 1 (ICRA) 
solely in water samples after solid phase extrac-
tion followed by liquid chromatography coupled 
to mass spectrometry. For molecular analysis, 
sediment and bed substrata from each site will be 
collected in sterile Falcon tubes and stored at – 
20°C until shipping to Partner 2 (UW) and 3 
(SGGW). For water samples, 100–500 mL will be 
filtered through 0.22-µm nylon membrane filters, 
which will be then stored at – 20°C. Moreover, 

from both CWs invertebrate animals (daphnids 
and snails) will be collected to test for the pres-
ence of ARGs in their gut microbiota. Animals will 
be classified and preserved by freezing at – 20°C 
before shipment. All frozen samples and filters 
will be shipped to the UW team for DNA extrac-
tion and metagenomic analysis. Extracted DNAs 
will be subjected to Illumina (NovaSeq 6000) se-
quencing and additional Nanopore sequencing to 
improve scaffolding of short Illumina reads. After 
curation, reads will be assembled using SPAdes to 
characterize the resistome, mobilome and bacte-
rial and phage community composition at each 
sampling site. Additionally, a subset of samples 
will be delivered to Partner 5 (QIB) for targeted 
viromic analyses. Several ARGs of clinical relevan- 
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ce (blaKPC, blaNDM, blaOXA-48, qnrS, mcr-1) will be 
subjected to quantitative analysis using qPCR. All 
samples will be sent by courier (DHL) to the re-
spective partners according to national biosecu-
rity and biosafety regulations, and the Interna-
tional Air Transport Association (IATA) regula-
tions as UN 3373 (Biological Substance, Category 
B).  

When studying the dissemination of AR determi-
nants in the environment, it is of paramount im-
portance to couple the identified ARGs with their 
bacterial hosts since their linkage may indicate 
the possible directions and range of the horizon-
tal gene transfer. However, the use of shotgun 
metagenomics seriously limits the assignments of 
contigs to their bacterial host since the short con-
tigs generated by this sequencing technique are 
troublesome. Moreover, ARGs are frequently pre-
sent within plasmids and their assignment to the 
original host requires a targeted, more complex 
approach. In PhageLand we intend to develop a 
novel method to investigate the hosts of identified 
ARGs and to track their horizontal transfer by ap-
plying a modification of epicPCR. More specifi-
cally, we will apply a high-throughput approach 
involving droplet microfluidics and ligation by 
PCR (fusion PCR) of selected ARGs with a molecu-
lar marker gene (16S rRNA gene, V4 region) cou-
pled with droplet sorting and massive sequencing 
of the fusion PCR amplicons. The proposed 
method is based on fusion PCR (like epicPCR), but 
enables multiplexing and high-throughput analy-
sis. The method was named – dmfPCR (from drop-
let multiplex fusion PCR). In the dmfPCR, bacterial 

cells will be encapsulated into picoliter droplets 
together with the lysis buffer. Next, after off-chip 
lysis, the droplets will be fused at high-through-
put with droplets containing PCR mix, primers 
(complementary to V4 region of 16S rDNA and se-
lected target genes, including ARGs, especially 
these of clinical relevance) and Taqman probes 
complementary to the genes of interest (i.e. other 
than 16S rDNA) for generation of PCR products 
and fluorescent signal. The off-chip emulsion (fu-
sion) PCR will be followed by on-chip fluores-
cence activated droplet sorting for enrichment of 
single cell lysates with fused PCR amplicons of 
genes of interest (i.e. 16S rDNA and the target 
genes). Microfluidic selection will be based on the 
fluorescent signal from degraded Taqman probes 
and sorted droplets will contain at least one kind 
of the fused PCR amplicons. By applying multi-
plexing, we will be able to identify bacterial taxa 
(and possibly even multidrug resistant bacteria) 
carrying various ARGs. Emulsion of selected 
droplets with PCR amplicons will be next broken 
and amplicons will be subjected to Illumina se-
quencing. Sequencing data will be analysed using 
in-house bioinformatics pipelines. Proposed sys-
tem can operate with the throughput of at least 
1,000 droplets per second, which will result in the 
profiling of around 1,000,000 cells per hour in a 
single experiment (assuming encapsulation rate 
equal 0.35). Several thousands of amplicons will 
be sequenced after the sorting step, which guar-
antees needed coverage during MiSeq Illumina 
sequencing. 

 

Specific tasks 

3.1. Sampling of Empuriabrava CW (Spain). 
3.2. Sampling of Orhei CW (Moldova). 
3.3. Sample processing, analyses and sequencing. 
3.4. Bioinformatic analysis of resistome, mobilome and bacterial/phage community structure. 
3.5. Assessment of CW performance. 
 

Milestones 

M4. Development of a novel method of tracking horizontal transfer of ARGs in various environments by  
coupling microfluidics and high-throughput PCR amplicon sequencing (dmfPCR). 
 

Deliverables 

D7. Characterization of bacterial and viral communities, bacterial resistomes and mobilomes at each 
sampling site. 
D8. Comparison of bacterial resistomes and mobilomes across compartments and stages of model CWs.  
D9. Assessment of the capacity of model CW to remove antibiotic residues, wastewater-associated 
bacterial pathogens, ARBs and ARGs. 
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WP4. PHAGE-BASED BIOPURIFICATION 

Lead Partner: KUL / QIB 

Participation: UW, TUD 
 

Objectives: Identification, characterization, selec-
tion of phages and production of phages cocktails 

targeting wastewater-borne ARB, especially 
ESKAPE pathogens. 

 
Description: The aim of this WP is to create a 
PhageLand Biobank of bacteriophages that can be 
used in the bioremediation of ARBs and prevent 
mobilization of ARGs in CWs. The WP will be 
jointly led by the KUL and QIB partners who have 
compatible and complementary expertise and a 
long history of phage discovery, characterization, 
production and use. The principal targets for the 
Biobank are the WHO priority ESKAPE pathogens 
that are most critical for the spread of antimicro-
bial resistance, for which both partners already 
have an extensive collection of characterized 
phages (tab. 1). 

First, we will isolate new bacteriophages and test 
our current collection (tab. 1) for a selected set of 
ESKAPE strains, including and informed by the 
public health investigation of WP2 (sent by Part-
ner 7 NTSU). Using in-house whole genome se-
quencing (Illumina), we will assess the diversity 
of phage types and exclude temperate phages that 
can integrate into the bacterial genome and 
spread ABR genes through transduction.  

Next, we will select a subset of phages fit for envi-
ronmental bioremediation. The extended collec-
tion will be characterized for the specific condi-
tions that will be encountered in the CWs, includ-
ing biophysical stability tests to establish the ac-
tive pH and temperature range, activity under an-
aerobic conditions and inactivation by soil com-
pounds. We will also use these specific conditions 
to “train” phages to be more environmentally ro-
bust and stable using directed evolution experi-
ments currently employed at KUL. Additional 
characterizations will focus on the selection of 
bacteriophages that can degrade the host genome 
during phage infection and the absence of gener-
alized transduction. We are specifically assem-
bling a phage collection appropriate for environ-
mental applications and excluding phages that 
are in use for treatment of clinical infections in 
hospital settings. 

For the selected phages, protocols will be devel-
oped for phage monitoring. We will therefore de-
velop qPCR primer and probe sets that will be 
used to monitor the presence (qPCR) and activity 
(RT-qPCR) of the selected PhageLand Biobank 
phages in the lab and pilot-scale CWs (WP5 & 
WP6). The target genes for the (RT-q)PCR will be 
informed by the high-quality genome annotations 
(identified earlier in this WP) and transcriptomic 
analyses that will identify highly expressed phage 
genes during infection. The latter will be identi-
fied using an Nanopore-Cappable sequencing ap-
proach developed at KUL (unpublished data), 
which is a cost-efficient RNAseq approach based 
on Oxford Nanopore sequencing. This technique 
will allow to establish the full transcription 
scheme and regulatory elements involved during 
phage infection. 

Finally, Pilot-scale production of the selected 
PhageLand phage cocktails will be performed us-
ing disposable airlift 8L bioreactors (Cellexus) as 
already implemented at KUL. Dosage and concen-
tration of the phages in the cocktail will be in-
formed by experiments of WP5. Additional purifi-
cation of the phage preparations can be per-
formed according to our own previously estab-
lished protocols. Validation of the cocktails will be 
via metagenomic real-time sequencing on the Na-
nopore platform and time-series plaque assays. 

 

Specific tasks 

4.1. Creation of extended ESKAPE phage collection. 
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4.2. Characterization of phages for bioremediation. 
4.3. Development of qPCR assays for phage monitoring. 
4.4. Development of application-ready phage cocktail. 
 

Milestones 

M5. Development of phage cocktails targeting ESKAPE pathogens and optimized for ARB bioremedia-
tion. 
 

Deliverables 

D10. Extended collection of ~50 phages covering the ESKAPE pathogens and high-quality phage genome 
annotations. 
D11. Development of the PhageLand Biobank (15-20 phages). 
D12. Design of qPCR primers and probes for Biobank phages testing. 
D13. Standard Operating Procedures (SOP) for the application of phage cocktails. 
D14. Application-ready phage cocktail and assessment on the effectiveness of phage cocktails for the 
removal of target ARBs. 
 

WP5. RISK ANALYSIS 

Lead Partner: SGGW / ICRA 

Participation: UW, KUL, QIB, TUD 
 

Objectives: (i) to experimentally evaluate the ca-
pacity of CWs for the removal of antibiotics, ARB 
and ARGs from communal wastes; (ii) to assess 
the risk of potential transmission of AR determi-
nants (including horizontal transfer of ARGs) in 
CWs; (iii) to experimentally assess to what extent 
animals inhabiting CWs accumulate wastewater-

derived ARB/ARGs in their microbiota and dis-
seminate them through the trophic chain; (iv) to 
determine the impact of phage treatment on func-
tioning, structure and resistome of microbiomes 
inhabiting CWs; and (v) to optimize phage dos-
ages for an efficient and safe bio-treatment of 
communal wastes. 

 

Description: Microcosm experiments will simu-
late functioning of natural CWs by using 
wastewater spiked with multidrug-resistant 
(ESKAPE) pathogens from Moldova and E. coli 
carrying multidrug resistant (chloramphenicol, 
streptomycin, sulfonamides), self-transmissible, 
broad-host-range plasmid RA3 of the IncU group 
the plasmid can transfer between, replicate in, 
and be maintained in representatives of Alpha-, 
Beta-, and Gammaproteobacteria). These experi-
ments will show if CWs, according to the biotic re-
sistance hypothesis, —as environments rich in bi-
odiversity — are stable ecosystems resistant to 
invasion of ARB, ARGs and ARG-carrying plas-
mids and to what extent these entities influence 
the functioning of CWs. A second round of micro-
cosm experiments aim to assess the efficacy of 
phage cocktails for the treatment of wastewater 
spiked with target microorganisms (ESKAPE 
pathogens and E. coli carrying RA3 plasmid) (see 
above) while entering the lab-scale CWs. Thus, we 
will be  able  to  evaluate  the  efficacy  of  the  com- 

bined bio-treatment of wastes with phages and 
CWs, and the impact of such intervention onto the 
overall removal of ARB/ARGs. Microcosm experi-
ments will be performed for 50 days in the labor-
atory-scale constructed wetland systems (fig. 4) 
with the capacity of 5-8 L of wastes depending on 
the system filling and with the flow rate adjusted 
to obtain the retention time in the reactor of 3-7 
days (depending of the wastewater type). For the 
simulation experiments, raw sewage and second-
ary effluents originated from urban WWTP will be 
used. Usage of raw sewage will simulate the situ-
ation when the CW is the sole treatment (similarly 
to Orhei CW in Moldova), while secondary efflu-
ents will be used to simulate the application of CW 
as tertiary treatment (Empuriabrava CW in 
Spain). While operating, various chemical and 
molecular analyses will be performed. For the 
molecular screening the following analyses are 
planed: a) high-throughput 16S rDNA metabar-
coding for general microbial diversity investiga-
tion that is needed for evaluating the influence of  
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phage treatment on the CWs’ microbiome (se-
quencing by Partner 2 UW); b) qPCR for the quan-
titative analysis of ARGs introduced with ESKAPE 
pathogens and the RA3 plasmid and the mainte-
nance of these genes in CWs, as well as the added 
phages from the cocktails (WP4); c) dmfPCR for 
identifying possible transfer of ARGs introduced 
with ESKAPE pathogens and the RA3 plasmid to 

novel hosts in CWs. Moreover, full chemical mon-
itoring of antibiotic residues (WP3) will be per-
formed to evaluate the purification capacity of 
CWs and their proper functioning. All analyses 
will be performed at T0 and T50. At this stage an 
optimization of dosing of phage cocktails will be 
performed. 

 

 

Figure 4. Images of the laboratory scale wetlands (operating at Partner 2 – UW on a regular basis) 
aimed to carry out manipulative experiments in WP5. (A) The layered configuration of the system. (B) 
Peristaltic pump operating in the system. The UW’s know-how concerning this lab-scale CWs will be 

transferred internally to other partners involved in the project. 
 
In a second stage, we will assess the accumulation 
of ARB/ARGs in the microbiota of animals poten-
tially inhabiting CWs (daphnids and snails) or re-
ceiving waters (fish), assuming their role as dis-
semination vectors. Accordingly, effluents from 
CW-treated or phage+CW-treated systems will be 
used for culturing filter feeders (daphnids), forag-
ing mollusks (snails) and fish (Rutilus rutilus) to 
assess the accumulation of ARB and ARGs in these 
animals and to evaluate transmission risks. In all 
experiments we will focus on: (a) genes confer-
ring resistances to clinically relevant antibiotics, 
including drugs of last resort (e.g., carbapenems, 
colistin) that may be acquired from wastewater 
purified in tested CWs, and (b) ARGs previously 
detected in ESKAPE pathogens and the RA3 plas-
mid used for the spiking. Animals will be cultured 
in dynamic, flow-through systems to enable water 
exchange for the removal of metabolic products of 
animals. The experiments will be conducted un-
der constant conditions, i.e., temperature of 20°C 
and summer photoperiod (18 h light:6 h dark) to 
ensure optimal conditions for animals. Each sys- 

tem will operate for 50 days. Experiments will be 
carried out in at least three replicates with excess 
of animals in case of unplanned deaths. Isolation 
of DNA from daphnids, snails and fish carries the 
risk of “loosing” microbiome data by contamina-
tion coming from the eukaryotic host DNA se-
quencing. To overcome this difficulty, we plan to 
carefully extract the content of intestine of snails 
and fish and to isolate the whole intestine from 
daphnids (extraction of the content only is almost 
impossible due to the size and morphology of 
Daphnia). Only this material will be used for the 
DNA extraction and further analyses, including 
sequencing. This should minimize contamination 
with the host DNA. Same as above, the following 
molecular analyses are planned: (a) high-
throughput 16S rDNA metabarcoding, (b) qPCR 
for selected ARGs (including these introduced 
with ESKAPE pathogens and the RA3 plasmid) 
and (c) dmfPCR. Analyses will be performed at T0 
and T50. Pooled samples will be used for virome 
sequencing (Partner 5 QIB). 
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Summarizing, analyses planned in both stages of 
WP5 enable a complex insight into microbiomes 
(including the resistome, mobilome and virome) 

from CWs (phage-treated and untreated) and 
from tested animals. 

 

Specific tasks 

5.1. Microcosm experiments (lab-scale CW and CW + phages). 
5.2. Bioinformatic analysis of resistome, mobilome and bacterial/phage community structure . 
5.3. Assessment of phage biopurification. 
5.4. Assessment of accumulation of ARB/ARG in model animals. 
 

Milestones 

M6. Setting up the experimental microcosms mimicking the functioning of CWs.  
 

Deliverables 

D15. Report on the comparative functioning of lab-scale CWs —with or without preliminary treatment 
with phages— on the removal of antibiotics, ARB and ARGs. 
D16. Characterization of microbiomes, resistomes and mobilomes in model animals inhabiting CW after 
cultivation with effluent water resulting from both system configurations (CW and Phage+CW).  
D17. Comparative assessment of the potential accumulation of ARB/ARGs of clinical concern in lab -scale 
CWs and model animals. 
 

WP6. PROOF-OF-CONCEPT 

Lead Partner: TUD/UW 

Participation: ICRA, QIB 
 

Objectives:  (i) to test phage therapy on microbial 
communities containing ARB in well-controlled 
bioreactors at wet lab; (ii) to develop a pilot scale 
passive treatment system (i.e., constructed wet-
land) and test the phage-based biotechnology de-
veloped for the removal of ARB/ARGs under real 

operation conditions; (iii) to up-scale the CW 
technology with calculation of its cost effective-
ness and operational capacity; and (iv) to evalu-
ate the long-term effect of phages on CW function-
ing as well as the structure of the microbiome and 
resistome of CWs. 

 

Description: WP6 will include the construction of 
the scaled-up pilot plant that will operate at UW 
(Poland) using specifically delivered communal 
wastes. It will be composed of 3 containers 
mounted in series and filled with various sub-
strates. The combination of horizontal and verti-
cal filtering will be applied for the system. 

The container installation will enable operation at 
a flow rate of 0.5m3/day and hydraulic retention 
time of 1–5 days. Members of the UW research 
team are experienced developers of passive treat-
ment systems: they have been responsible for 
building of such installations in the past (e.g., for 
the company Gradir Montenegro D.O.O. within the 
copper and nickel mining sector) (fig. 5). The CW 
system will operate using municipal wastes. Ex-
periments will be performed sequentially, i.e., 
first experiment without and the second with 

phage treatment. The pilot testing will be accom-
panied by wet-lab experiments conducted in well-
controlled bioreactors and fixed-bed columns at 
TUD in order to develop a detailed scientific un-
derstanding on the effects of phage therapy on the 
removal of ARB from engineered microbial com-
munities involved in biological wastewater treat-
ment. While operating, the following parameters 
will be measured for CW: biological oxygen de-
mand (BOD5), chemical oxygen demand, sus-
pended solids, total nitrogen, ammonia, nitrates, 
and total phosphorus. This allows the screening 
of the proper functioning and waste purification 
capacity of CW. 

Besides, we will measure the concentration and 
diversity of antibiotics, ARB and ARGs at the influ-
ent and effluent of the system as described in WP3 
and WP5. The pilot scale installation will enable a  
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long-term operation to test the removal/accumu-
lation of ARB/ARGs and the influence of phages 
on the CW functioning under dynamic environ-
mental conditions. The characterization of bacte-
rial and viral communities, analysis of their resis-
tome/mobilome, the quantification of target 
ARGS and the identification of bacterial hosts car-
rying ARGs will be done by (a) high-throughput 
16S rDNA metabarcoding, (b) shotgun meta-
genomics, (c) qPCR for selected ARGs (based on 
results of the shotgun metagenomics, and (d) 

dmfPCR for selected genes (based on results of 
the shotgun metagenomics), respectively. Fluo-
rescence microscopy as developed by Rossi et al. 
(1994) will be used to track the total number of 
phages moving across the pilot system. The tar-
geted phages will be monitored specifically by 
combining deep metagenomic sequencing (see 
above) and phage-targeted qPCR screening to 
specifically detect the spiked phages out of the 
baseline of phages naturally occurring in the sys-
tem. 

 

 

Figure 5. Design and images of the constructed wetland pilot plant currently operating in Gradir 
(Montenegro) under the supervision of Partner 2 (UW). A similar design will be used  

for the construction of the pilot plant planned as proof-of-concept for PhageLand technology. 
 

Specific tasks 

6.1. Construction of a scaled-up pilot plant. 
6.2. Assessment of bio-purification. 
 

Milestones 

M7. Construction of the scaled-up pilot plant fully operating under real environmental conditions. 
 
Deliverables 

D18. SOP describing the optimal configuration and operational conditions of the pilot plant.  
D19. Assessment on the removal of nutrients and chemical pollutants (antibiotic residues) by the pilot 
plant. 
D20. Assessment on the removal of biological pollutants (ARB and ARGs) under real conditions.  
D21. Assessment on the effectiveness of the phage intervention for the removal of ARB and ARG under 
real conditions. 
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WP 7. DISSEMINATION AND COMMUNICATION 

Lead Partner: All 
 
Objectives:  To disseminate results of PhageLand 
to the scientific community, stakeholders (envi-
ronmental protection agencies, wastewater ma- 

nagement companies), policy makers, academia, 
and lay audiences (40).

 
Description: WP7 aims to achieve optimal dis-
semination of results, including the creation of a 
project website and a Twitter account, periodical 
press releases at all partner’s websites and be-
yond (if possible), attendance at scientific meet-
ings and publications in SCI journals, meetings 
with stakeholders, and outreach activities to dis-
seminate results to academia and lay audiences. 
Importantly, in the PhageLand project, data and 
knowledge asset management will follow pub-
lished best-practices for reproducible science. 
F.A.I.R. policy will be implemented through Open 
Access publications, plus (if possible) laboratory 
protocols and data workflows will be published in 
Protocols.io (https://www.protocols.io/), to ob-
tain a DOI and F.A.I.R metadata. We will organize 
training workshops for PhD students, postdoc re-
searchers and lab technicians interested in the 

analysis of metagenomes/metaviromes and the 
isolation and propagation of phages for the spe-
cific removal of bacterial pathogens. Moreover, in 
the PhageLand project we assumed exchange of 
the scientific staff between partners to enable 
gaining competences. For this purpose, short-
term research stays conducted in a form of the 
regular lab-works (active form) or shadowing 
(passive form) will be implemented. Important, 
part of the PhageLand project is reaching stake-
holders from different fields. We already attract 
the attention of some companies specializing in 
environmental biotechnology, however, during 
the project we plan to extend a database of possi-
ble stakeholders and approach them with news-
letters (produced every 6 months) and inviting for 
a project meeting. 

 
Specific tasks 

7.1. Organization of project meetings. 
7.2. Communication with stakeholders. 
7.3. Outreach to academia and the general public. 
 

Milestones 

M8. Engagement of stakeholders from partner countries and Eastern European LMICs for the  
implementation of the PhageLand technology in wastewater treatment. 
 

Deliverables 

D22. Training workshops on the analysis of metagenomes/ metaviromes for the analysis of antibiotic 
resistance in environmental settings. 
D23. Training workshops on the isolation and propagation of phages for the specific removal of bacterial 
pathogens. 
D24. Dissemination of project results to the scientific community as well as professional and lay audi-
ences. 
D25. Dissemination of project results to wastewater management companies and policy makers from  
Eastern European LMICs. 
 

WORK PLAN AND TIMELINE AS A DIAGRAM 

IMPACT 

PhageLand will create impact by integrating low-
cost, scalable CW technologies and phage therapy 
intervention to clean-up wastewater in European 
LMICs and simultaneously mitigating the dischar- 

ge of AR determinants into surface water resour-
ces. PhageLand will drive specific outcomes for 
wastewater based epidemiology and engineering 
sectors, leading to significant societal impacts.  
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Figure 6. Scheme of the PhageLand workplan showing the interactions between work packages 
and project partners. Partner 2 (UW) will act as sequencing hub for the entire consortium,  

while Partner 3 (SGGW) and Partner 5 (QIB) are sequencing-supporting units. 
 

PhageLand is specially committed to provide effective solutions that help to prevent the transmission of 
AR through different “One Health” compartments, particularly: 

a) Human: PhageLand will provide, for the first 
time, a comprehensive report on antibiotic 
consumption and AR prevalence in Moldova 
and neighboring countries, filling the cur-
rent knowledge gap on the situation of AR in 
Eastern European LMICs and, especially, in 
post-soviet economies. Also, by studying and 
characterizing multidrug-resistant isolates 
from human samples collected in Moldova, 
we will provide the first characterization of 
resistance genes and virulence factors in 
these ARB, thus obtaining precious infor-
mation for the assessment of prevalent ARB 
in the country but also for its extrapolation 
to other post-soviet, Eastern European 
LMICs. Moreover, we will provide the first 
globally accessible study on antibiotic con-
sumption in Moldova, which will be also 
used here as a model for other post-soviet 
LMICs. Both studies will provide substantial 
support for politicians and policy makers in-
volved in the “Global Action Plan on Antimi-
crobial Resistance” and the “EU One Health 
Action Plan”. The clinical data obtained here 

will be analyzed and compared with detailed 
surveillance data on ARB and ARGs in the 
Orhei CW, and tested for potential correla-
tions. 

b) Animal: PhageLand will provide relevant 
data on the potential accumulation of ARB 
and ARGs in animals inhabiting CW. This in-
formation will allow a better assessment of 
the risks that the planned technology may 
bring to animals and, eventually, to human 
health. Importantly, this will also provide in-
formation on how frequent transfer of 
wastewater-derived ARGs into the microbi-
ota of aquatic animals occurs under natural 
conditions, which will deliver invaluable 
data on the transmission of ARGs along the 
trophic chain in wetland/aquatic ecosys-
tems. 

c) Environment: Results of the PhageLand pro-
ject will allow a better understanding on the 
efficacy of CWs in the removal of AR deter-
minants, including well-known human path-
ogens, as well as on their ecological safety in 
terms of preservation of the natural bacteri- 
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al diversity in such systems and the lack 
of side effects on the dissemination of 
ARGs in the environment. Overall, the 
PhageLand technology will be imple-
mented in a scaled-up pilot infrastructure 
to be used as a proof-of-concept of a cost-
effective and eco-friendly intervention 
strategy to reduce the burden of ARB and 
ARG that chronically pollute surface wa-
ters and to mitigate the environmental 
transmission of AR determinants. From 
the strictly scientific point of view the 
PhageLand project will act as a proof-of-
concept for the biotic resistance hypothe-
sis. Proving effectiveness of CWs (prefer-
entially with phages) in ARB and ARGs re-
moval will be a significant step toward na-
ture-based solutions stimulating natural 
biodiversity preservation or restoration 
as a way of preventing the dissemination 
of AR. 

Implementation of the PhageLand technology 
can lead to a broad impact on the well-being of 
local communities in LICs, LMICs and selected 
UMICs, where CWs or CWs + phage (as cost-ef-
fective, long-term maintaining and eco-friendly 
plants) may become primary wastewater puri-
fication systems. We especially see direct bene-
fits for communities inhabiting rural areas and 
small and medium cities with limited industry, 
where CWs may function as sole wastewater 
treatment systems. This definition corresponds 
to socio-economic status of lower-/middle-in-
come countries, where large cities or metropo-
lises are rare. Of course, developed technology 
may be applied in every country (regardless its 
economic status) and every population inhabit-
ing the region directly linked with CW may get 
benefits. 

The use of phages as biocontrol treatment for 
ARBs is gaining global popularity, however, the 
current applications are limited to a small num-
ber of clinical infections in humans and applica-
tions in the food chain. 

As such, PhageLand technology will serve as a 
proof-of-concept for phages as natural, cheap, 
and accessible bioremediation tools. 

Besides, PhageLand will have a direct impact on 
the engineering sector and wastewater manage-
ment companies that are currently facing the 
critical challenge of operating at the highest 

treatment standards while adapting their prac-
tices to new pollutants and emerging threats. 
Particularly, we envisage a direct impact of 
PhageLand on different communities, stake-
holders and sectors such as: 

● Scientists working on AR in both research 
and clinical centers, particularly in Mol-
dova and other European LMICs/UMICs. 

● Scientists involved in combating the 
transmission of antimicrobial resistance  
across One Health compartments. 

● Scientists working on wastewater treat-
ment, wastewater-based epidemiology as 
well as environmental and clinical bioin-
formaticians. 

● Companies (including academia-based 
SMEs), authorities and other stakeholders 
interested in wastewater treatment and 
management. 

● Scholars, teachers, science popularizers, 
ecology activists. 

● Politicians and policy makers involved in 
the “Global Action Plan on Antimicrobial 
Resistance” and the “EU One Health Action 
Plan”. 

● End-users in both High, Middle and Low-
income Countries. 

The PhageLand consortium is composed of re-
search groups from different European coun-
tries that endorse an excellent transnational 
collaboration by including countries differing in 
their geographic, demographic and economic 
settings as well as legislation and public aware-
ness in regard to AR dissemination and its influ-
ence on public health. The inclusion of a partner 
from Moldova is a significant added value to this 
collaboration since this is a representative of 
post-soviet, Eastern European LMICs that have 
usually been overlooked when thinking about 
these economies (usually recognized only as 
Asian or African countries). PhageLand is com-
mitted to fill this huge gap in the perception of 
global needs regarding prevention of antibiotic 
resistance spreading. Moreover, the presence of 
Moldavian partner specializing in public health 
is critical for the whole project and other part-
ners to correctly understand conditionings and 
recognize the needs of European lower-income 
economies regarding general environmental 
protection, waste purification and bioremedia-
tion. PhageLand will create planned outcomes 
in different economy and society sectors in ad- 
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dition to providing new data (including cutting-
edge molecular tools and optimized protocols) to 
scientists interested in combating the transmis-
sion of antimicrobial resistance across the three 
One Health compartments. Besides, the resulting 
knowledge will allow better training in academic 
and water-related sectors. 

The proposed PhageLand technology could be 
easily scaled, implemented and deployed in 
LMICs where costly and power-demanding 
wastewater treatment technologies are difficult 
to set up and maintain. The technology developed 
here may be even more acceptable in post-soviet 
countries where there is a tradition and social ac-
ceptance for phage therapy in human medicine. 
Despite this main target, we do consider that the 

intervention strategy proposed has a broader im-
pact, may be universal and easily implemented in 
many countries, irrespectively of their economic 
status, demographic condition or geographical lo-
cation.  

Overall, PhageLand is fully aligned with the One-
Health approach and its results will be useful not 
only at each national level but also at interna-
tional level since they will be relevant on the 
scope of the “One Health” Action Plan of the Euro-
pean Commission, the Global Action Plan on Anti-
microbial Resistance of the Food and Agriculture 
Organization of the United Nations (FAO), World 
Organization for Animal Health (OIE) and World 
Health Organization (WHO). 
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IMPACT PATHWAY 
 

Research outputs Indicators 
Research out-

comes 
Indicators Impact 

1. Comprehensive 
report on antibi-
otic consumption 
and AR preva-
lence in Moldova 
and other post-so-
viet countries 

- Conducted sur-
veys on target pop-
ulation in Moldova 
- 1 Open Access 
(OA) publication on 
antibiotic con-
sumption and 
awareness toAR in 
Eastern Europe. 

- 1 communication 
at scientific confer-
ences. 

- Policy brief for the 
Moldavian public 
health authorities 

- First assessment 
of antibiotic con-
sumption data in 
Eastern European 
LMIC 

- Improved assess-
ment of countries/ 
regions with high 
consumption of an-
tibiotics in Eastern 
Europe 

- First assessment 
on society aware-
ness of antibiotic 
resistance threats 
in Eastern Euro-
pean LMIC 

- Feedback from 
stakeholders and 
policy makers on 
the assessment 
data 

- Compiled data-
base of Eastern Eu-
ropean antibiotic 
consumption 

- Changing national 
policies on AMR 
tracing and targets 
as well as control of 
antibiotic con-
sumption in East-
ern European coun-
tries 

- Defining future re-
search targets and 
strategy for antibi-
otic surveillance in 
European low- in-
come economies 

2. Characteriza-
tion of income 
economies. ARGs 
and virulence fac-
tors in multidrug 
resistant isolates 
obtained from hu-
man samples col-
lected in Moldova 

- 2–4 scientific pub-
lications on preva-
lence of AR-bacte-
rial pathogens in 
Moldova. 

- 2 communications 
at national and in-
ternational confer-
ences on AR 

- Improved capac-
ity of LMICs from 
Eastern Europe to 
deploy AR surveil-
lance 

- First assessment 
of dissemination of 
genes conferring 
resistance to clini-
cally important an-
tibiotics in Euro-
pean LMICs 

- Approval of novel 
recommendations 
for ARGs screening 
in clinical isolates 
in Moldova and/or 
other Eastern Euro-
peans low-income 
economies 

3. Characteriza-
tion of bacterial 
and viral commu-
nities and their 
resistomes/mobi 

 

- OA protocol of se-
quence analysis of 
metagenomic and  

 

 

- Improved know-
ledge on the effi-
cacy of CW on the 
removal of AR de-
terminants 

 

- Best practice 
guideline docu-
ment (white paper) 

- Reported change 
in guidelines, policy 
or practice on con-
struction and man-
agement of CW to  
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lomesin model 
CWs and aquatic 
animals 

 

metaviromic da-
tasets. - 2–4 scien-
tific publications. 

- 2–4 communica-
tions at scientific 
meetings. 

- 1-2 training work-
shops on phage bio-
technology and 
metagenomics 

 

- Better assessment 
of the performance 
of CW on the remo-
val of biological e-
merging pollutants 

- Better understan-
ding of the risks 
posed to animals 
associated to the 
treatment of waste-
water in CWs 

 

reduce the dissemi-
nation of AR. 

- Broadening of 
knowledge of aca-
demics in the field 
of phage biotech-
nology and meta-
genomics 

4. Microfluidic-
based technology 
for screening hor-
izontal transfer of 
ARGs in various 
environmental 
settings 

- OA protocol on 
dmfPCR and its ap-
plication to assess 
HGT of ARGs. 

- 1 scientific publi-
cation 

- Implementation of 
the new protocol 
for the monitoring 
of AR dissemina-
tion in environ-
mental or clinical 
settings 

- Number of down-
loads of the OA pro-
tocol as a proxy of 
interest by the sci-
entific community 

- Pointing out the 
need for identifica-
tion of hosts of 
ARGs. 

- Changing of the 
perception con-
cerning high-throu-
ghput screening of 
hosts of ARGs 
among scientific 
community 

5. BioBank of 
phages targeting 
multidrug re-
sistant pathogens 
to be used in 
wastewater treat-
ment 

- High titer stocks of 
individual phage 
preparations 

- Genome sequen-
ces of selected 
phages. 

- 1 publication on 
phage BioBank in-
cluding viral geno-
mic character 

- Possible patent 
application phage 
cocktail formula-
tion 

- Availability of a 
collection of phages 
targeting ESKAPE 
pathogens for the 
specific removal of 
bacterial pathogens 
from wastewater 

- Requests for 
phage cocktails for 
testing / research 
consultancy from 
external parties - 
Request for licens-
ing of phage cock-
tail 

- Availability of a 
commercial prod-
uct (phage cocktail) 
for a wide range of 
stakeholders 
(wastewater treat-
ment plants, envi-
ronmental remedi-
ation companies, 
phage application 
companies) 

- Improved societal 
acceptance of the 
use of phages for 
treatment purposes 

6. Pilot-scale CW 
installation for 
testing biotic re-
sistance, self-pu-
rification capacity 
and phage impact 
under natural en-
vironmental con-
ditions 

- 1 scientific publi-
cation 

- Pilot installation 

- Possibly patent 
application 

- Identification of 
key factors affect-
ing the optimal 

functioning of CW 
using PhageLand 
technology. 

- Recognizing a self-
purification capac-
ity of CW in antibi-
otics and ARB/ 
ARGs removal 

- Interest of the 
wastewater manag-
ers in using the 
PhageLand technol-
ogy 

- Learning through 
experience and 
progressing the 
PhageLand technol-
ogy successfully 

- Acceptance of 
PhageLand technol-
ogy for the produc-
tion of safe water 

- Implementation of 
the PhageLand 
technology by 
wastewater manag-
ers 
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BACTERIOPHAGE THERAPY: A METHOD TO COMBAT ANTIMICROBIAL RESISTANCE 
(NARRATIVE ANALYSIS) 

Introduction. Antimicrobial resistance is a 50-year pandemic requiring interventions that 
are harmless to human health. In this context, bacteriophage therapy has been rediscovered, 
which, according to the literature, is considered the optimal solution to mitigate this pheno-
menon.  

The aim of this literature review is to construct a clear understanding of the possibilities, 
challenges, and needs that this innovation presents in terms of reducing antibiotic resistance. 

Material and methods. For this study, a search of the SCOPUS and PubMed databases was 
conducted using the keywords and BOOLEAN operators “AND,” “OR,” and “NOT.” The search 
yielded 911 scientific papers. After applying the inclusion/exclusion criteria, 40 papers were 
ultimately included in the final stage of the study. 

Results. Based on the literature reviewed, a SWOT analysis of the potential of bacteriophage 
therapy as a method to combat antimicrobial resistance was conducted. The research iden-
tified several advantages in favor of bacteriophages, such as high specificity and low toxicity, 
among others. Additionally, the study revealed several opportunities that modern medicine 
can exploit, including personalized therapy assisted by genetic engineering and the use of 
phages as adjuvants in antimicrobial and antifungal therapy. 

Conclusions. Antimicrobial resistance poses a significant global public health challenge, de-
manding prompt action. Bacteriophage therapy emerges as an alternative with multiple ad-
vantages and a promising long-term perspective. 
 

Cuvinte-cheie: bac-
teriofagi, terapia cu 
fagi, rezistența anti-
microbiană, sănăta-
tea umană. 

Introduction. Rezistența antimicrobiană este o pandemie care durează 50 de ani și necesită 
intervenții inofensive pentru sănătatea umană. În acest context,a fost redescoperită terapia 
cu bacteriofagi care, conform datelor din  literatură-, este soluția optimală pentru a reduce 
acest fenomen.  

Scopul acestui studiu de sinteză a literaturii este de a construi o imagine clară cu privire la 
posibilitățile și, pe care le aduce această inovație în materie de reducere a antibiorezistenței.  

Material și metode. În cadrul acestui studiu s-a efectuat o căutare în bazele de date SCOPUS 
și PubMed utilizând cuvintele-cheie și operatorii BOOLEAN ,,AND", ,,OR" și ,,NOT". Căutarea 
a generat 911 lucrări științifice. După aplicarea criteriilor de includere/excludere, în etapa 
finală a studiului au fost incluse 40 de lucrări. 

Rezultate. Pe baza literaturii cercetate a fost realizată analiza SWOT a potențialului tera-
piei cu bacteriofagi ca metodă de combatere a rezistenței la antimicrobiene. Cercetarea a 
determinat mai multe avantaje în favoarea utilizării bacteriofagilor – specificitate înaltă, 
toxicitate scăzută etc., și cîteva oportunități pe care medicina modernă le poate valorifica: 
terapia personalizată asistată de inginerie genetică, utilizarea fagilor ca adjuvanți în tera-
pia antimicrobiană și antifungică. 

Concluzii. Rezistența antimicrobiană este o problemă de sănătate publică globală care  ne-
cesită  o intervenție promptă. Terapia cu bacteriofagi este o alternativă cu multiple avantaje 
și o perspectivă favorabilă. 
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Abrevieri: ADN – acid dezoxiribonucleic; IDSA – Societatea de Boli Infecțioase a Americii (eng. Infectious 
Disease Society of America); EMA – Agenția Europeană a Medicamentului; FDA – Administrația Alimente-
lor și a Medicamentelor (eng. Food and Drug Administration); GMO (eng.) – organism modificat genetic; 
MDR (eng.) – bacterii multi-drog rezistente; OMS – Organizația Mondială a Sănătăți; PDR (eng.) – bacterii 
panrezistente; PRISMA – elemente de raportare preferate pentru revizuiri sistematice și meta-analize (eng. 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses); RAM – rezistența la antimicrobiene; 
SWOT – puncte tari, puncte slabe, oportunitati, amenintari (eng. Strengths, Weaknesses, Opportunities, 
Threats); UE – Uniunea Europeană. 
 

INTRODUCERE 

Descoperirea penicilinei acum 95 de ani a revolu-
ționat medicina la nivel global, mai ales după ce 
Howard Florey și Ernst Chain au reușit, un dece-
niu mai târziu, să producă penicilina industrial 
(1). Astfel, începând cu anii ’40, descoperirea și 
producerea pe scară largă a antimicrobienelor a 
permis eradicarea sau, cel puțin, controlul bolilor 
infecțioase. Până în anii 1960 au fost descoperite 
în jur de 20 de clase de antibiotice. Pe parcursul 
anilor, ritmul descoperirii și aprobării produselor 
farmacologice cu efect antimicrobian a scăzut de 
aproximativ opt  ori (1, 2, 3). 
 

Utilizarea excesivă și necorespunzătoare a antibi-
oticelor a indus dezvoltarea de către agenții pato-
geni a rezistenței la antibiotice (RAM). Acum 15 
ani, Societatea de Boli Infecțioase a Americii 
(IDSA) a catalogat RAM drept o criză globală, iar 
OMS, la rândul său, a clasificat rezistența la anti-
microbiene drept o problemă majoră de sănătate 
publică din cauza căreia sunt înregistrate aproape 
cinci milioane de decese și pierderi economice de 
aproape 20 de miliarde de dolari (4–7). Evoluția 
agenților patogeni, combinată cu consumul cres-
cut de antibiotice (cu sau fără indicație terapeu-
tică) a favorizat, începînd cu anul 1942 când a fost 
depistată prima tulpină de S.aureus rezistentă la 
penicilină, apariția tulpinilor bacteriene rezis-
tente, multirezistente (MDR) și chiar panre-zis-
tente (PDR). Aceste tulpini reprezintă o problemă 
a  sistemului sanitar la nivel mondial (3, 4, 5). 
Printre toți agenții patogeni care pre-zintă rezis-
tență, OMS a identificat 12 bacterii, grupate în trei 
clase de prioritate care urgent necesită dezvolta-
rea de noi antibiotice sau de metode alternative 
pentru a fi contracarate. Primele cinci poziții sunt 
ocupate de patogenii din grupul ESKAPE care în-
globează Acineto-bacter spp., Pseudomonas aeru-
ginosa și Enterobacteriaceae (Klebsiella pneumo-
niae și Escherichia coli) din grupul cu prioritate 
critică și Enterococcus faecium și Staphylococcus 
aureus din clasa cu prioritate înaltă (8, 9).  
 

Necesitatea intervențiilor rapide, în contextul în  
 

 

care RAM devine și o problemă de mediu, a deter-
minat cercetătorii să reexploreze capacită-țile 
bacteriofagilor de a elimina bacteriile, mai ales 
cele rezistente (10–14). Bacteriofagii sunt viru-
suri capabile să distrugă bacteriile prin liza aces-
tora după integrarea materialului genetic în geno-
mul lor (15, 16). Fagii sunt omniprezenți în natură 
și în interacțiune permanentă cu bacteriile și cu 
populația umană (15, 17). Istoria bacteriofagilor 
este mai veche decât a antibioti-celor, prima ex-
punere cu privire la existența acestora anticipând 
descoperirea lui Alexander Fleming cu peste 30 de 
ani (5). De la prima lor utilizare de către d’Herelle 
pentru tratarea unui copil de 12 ani la Spitalul de 
Copii din Paris și până în prezent, bacteriofagii și-
au demonstrat eficacitatea în tratamentul diver-
selor maladii în diverse țări: în Franța contra in-
fecțiilor provo-cate de S.aureus, P.aeruginosa și 
E.coli; în SUA, Polonia și URSS pentru tratarea ră-
nilor solda-ților și bolilor de campanie (dizenteria 
și alte boli diareice) (5, 16, 18). După 50 de ani, 
terapia cu bacteriofagi revine în atenția cercetă-
torilor și a clinicienilor în două  forme distincte 
posibile – preparate gata pentru utilizare contra 
agenților infecțioși identificați în mediu sau pen-
tru tratamentul uman în cazul maladiilor comune 
(răceală, laringită, boli diareice), sau cac prepa-
rate personalizate pentru tratamentul afecțiuni-
lor pacientului infectat cu o tulpină specifică (pri-
oritar, MDR sau PDR) (19). 
 

Scopul acestei lucrări este de a realiza analiza na-
rativă a oportunităților și a provocărilor pe care 
le aduce terapia cu bacteriofagi pentru medicina 
modernă prin realizarea analizei SWOT după cer-
cetarea literaturii de specialitate. 
 

MATERIAL ȘI METODE 

Pentru realizarea studiului de sinteză a literaturii, 
a fost realizată o căutare avansată în bibliotecile 
electronice PubMed și SCOPUS utilizând cuvin-
tele-cheie: ,,bacteriofagi", ,,rezistența antimicro-
biană",  ,,terapia cu fagi"  și  ,,sănătate umană"  și  
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operatorii BOOLEAN ,,AND", ,,OR" și ,,NOT". Cău-
tarea a generat 911 publicații – 644 în baza de 
date PubMed și 267 în baza de date SCOPUS. Dinte 
acestea, 28,21% (n=257) au fost dublicate. Artico-
lele rămase au fost evaluate conform ghidurilor 
PRISMA (20). La prima etapa de cercetare a publi-
cațiilor au fost verificate 654, din acestea, 74,9% 
(n=490) nu au corespuns scopului studiului. Tes-
tului de eligibilitate au fost supuse 164 de lucrări 
științifice, conform criteriilor de includere după 
cum urmează: 

a) Articole publicate în perioada 2000-2023. 

b) Limbile de publicare – engleza și/sau ro-
mâna. 

c) Publicații în acces deschis. 
d) Articole de sinteză a literaturii, articole de 

cercetare, metaanaliză. 

Nu au fost incluse în cercetare articolele găsite 
publicate în limbile rusă, franceză, poloneză și 
chineză; articolele publicate între 1980 și 1999; 
scrisorile editoriale și corecțiile articolelor, pre-
cum și publicațiile cu acces restricționat (fig. 1). 
Pentru studiul final au fost selectate 40 de publi-
cații.  

 

 
Figura 1. Criteriile de selecție a publicațiilor confom Ghidului PRISMA 2020.  
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REZULTATE 

Analiza SWOT a terapiei cu bacteriofagi ca me-
todă de combatere a rezistenței la antimicro-
biene 

A. Puncte forte 

În cadrul cercetării publicațiilor selectate au fost 
identificate 13 puncte forte. Toate studiile au 
enunțat drept atu al terapiei cu bacteriofagi spe-
cificitatea înaltă a fagilor, care determină și alte 
puncte forte. Qadri H. et al. susțin că activitatea 
țintită asupra bacteriilor rezistente ar fi principa-
lul argument în favoarea utilizării lor pentru că ar 
avea efect bactericid doar asupra agentului cau-
zal., fără a induce modificări ale microbiotei nor-
male. De aceeași părere a fost și Mousavi, accen-
tuând că anume această proprietate îi face siguri 
în utilizare și pentru pacienții cu malabsorbție, 
malnutriție și alte maladii ale tractului gastroin-
testinal (4, 9, 19, 21-28). Al doilea cel mai frecvent 
punct forte identificat a fost toxicitatea scăzută. În 
susținerea acesui punct de vedere, autorii artico-
lelor au citat concluzia raportului elaborat în 
2020 de Grupul de Inițiativă pentru Rezistența la 
Antimicrobiene al Institutului Național pentru 
Alergii și Boli Infecțioase din SUA. De altfel, unii 
autori au considerat că toxicitatea minimă a fagi-
lor se datorează compoziției acestora – materie 
organică care este ușor descompusă și asimilată, 
și nu are efecte negative asupra organelor cu 
funcție de detoxifiere (4, 11, 19, 23, 29). 

Un alt punct forte important este capacitatea lor 
de a penetra și distruge biofilmele bacteriene. 
Formarea biofilmului este una din formele prin 
care agenții patogeni obțin rezistență față de fac-
torii de mediu și agenții antimicrobieni care nu 
penetrează eficient clusterul bacterian. Schooley 
et al., Aranaga și coautorii au argumentat ideea de 
eficiență a fagilor contra biofilmelor prin capaci-
tatea virusurilor de a produce enzime hidrolitice 
de tipul hidrolizinelor și depolimerazelor care pot 
distruge matricea biofilmului (11, 19, 23, 26, 28). 
Câteva din punctele forte se determină reciproc: 
bacteriofagii sunt microorganisme ubicuitare 
prezente permanent în orice mediu și rezistente 
la condițiile de mediu, de asemenea, sunt ușor de 
găsit și de  izolat din probele biologice și de mediu 
(apă, sol, aer). Aceste proprietăți determină cost-
eficiența înaltă a terapiei cu fagi (4, 9, 10, 17, 21, 
22, 29). 

O altă pereche de puncte forte identificate care se 
autodetermină au fost: capacitatea de autorepro-
ducere și necesitatea unei singure doze pentru a 
asigura eficiența tratamentului. În 12,5% din stu-
dii, capacitatea de autodozare a bacteriofagilor a 
fost evidențiată ca punct forte în susținerea tera-
piei cu bacteriofagi contra RAM. Acest punct forte 
a fost argumentat din două poziții: (a) multiplica-
rea bacteriofagilor în organismul recipient reduce 
necesitatea unei doze repetate aproape la zero 
pentru că pacientul răspunde rapid la tratament 
(conform observațiilor lui d’Herelle de la începu-
tul sec. XX și altor studii clinice din perioada pos-
tbelică și (b) o singură administare reduce efectul 
toxic generalizat asupra organismului și riscul 
dezvoltării rezistenței (5, 19, 22, 23, 29, 30).  Alte 
două puncte forte identificate sunt virulența mi-
nimă a bacteriofagilor și lipsa efectelor adverse. 
Studiul lui Qadri et al. a considerat virulența mi-
nimă un punct forte în legătură cu incapacitatea 
acestor virusuri să provoace o maladie de etiolo-
gie infecțioasă  sau alte efecte adverse la oameni, 
animale sau alte organisme vii pe care le infec-
tează (cu excepția bacteriilor-țintă). În baza studi-
ilor efectuate, autorii au concluzionat că terapia 
cu fagi nu provoacă efecte adverse asupra macro-
organismului, deci este sigură pentru utilizare la 
scară largă (11, 22, 26). 

B. Puncte slabe 

În urma analizei literaturii incluse în studiu, au 
fost determinate opt puncte slabe ale terapiei cu 
fagi. Cinci dintre acestea au fost dependente de 
proprietățile și comportamentul fagilor in vivo,  
două  au fost  determinate de politicile în sănătate, 
iar unul – de condițiile necesare pentru produce-
rea fagilor pentru terapie.  Printre cel mai des 
identificate puncte slabe ale terapiei cu bacterio-
fagi (în 17,5% din publicații) a fost imunogenita-
tea acestor virusuri. Șase din cele șapte studii au 
determinat că răspunsul imun, provocat la pă-
trunderea bacteriofagilor în organism, reduce 
doza infectantă și scade efectul lor bactericid 
până a ajunge la locul infecției. Brüssow H. a avut 
un alt argument, bazat pe memoria imunologică a 
celulelor care poate împiedica administrarea re-
petată a aceluiași bacteriofag la un pacient cu in-
fecție reemergentă  (9, 19, 21-23, 30, 31). Mutați-
ile spontane au fost considerate  un punct slab din 
considerentul că bacteriofagul litic ar putea de-
veni temperat, astfel răspândind RAM în loc să o  
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combată. Deși rata de apariție a mutațiilor spon-
tane în genomul bacteriofagului este de 1000 de 
ori mai scăzută decât în genomul bacterian, 10% 
din articolele analizate consideră mutațiile spon-
tane un punct slab (10, 24, 25, 32).  

Autorii au identificat și alte proprietăți ale bacte-
riofagilor care pot fi catalogate drept puncte 
slabe: sensibilitatea bacteriofagilor față de razele 
UV, de temperaturile înalte și de aciditatea sucu-
lui gastric au fost considerate de Adhikari et al și 
Cesta et al principalele neajunsuri care scad efici-
ența bacteriofagilor, deoarece scad concentrația  
lor din doza administrată (2, 33). Hibstu și Fur-
faro au considerat necesitatea unui contact direct 
cu bacteria-țintă un punct slab pentru că, în opinia 
lor, alte căi de administrare decât topic sau prin 
acces direct ar limita eficacitatea terapiei din ca-
uza micșorării concentrației de fagi și extinderea 
timpului necesar ca bacteriofagii să ajungă la lo-
cul infecției (21, 34). Rahbarnia et al și Hatfull et 
al au considerat drept punct slab incapacitatea fa-
gilor de a elimina agenții patogeni bacterieni 
strict intracelulari, reieșind din proprietatea fagi-
lor de a nu afecta celulele și țesuturile umane (23, 
35). 

Politicile și regulamentele restrictive din dome-
niul sănătății reprezintă un alt punct slab atribuit 
terapiei cu bacteriofagi. Conform autorilor, există 
mai multe obstacole în aprobarea de către  orga-
nismele internaționale din domeniu precum Food 
and Drug Administration (FDA, SUA) sau Agenția 
Europeană a Medicamentului (EMA, UE) a tera-
piei cu bacteriofagi pentru combaterea bacteriilor 
rezistente la antimicrobiene. Printre acestea pot 
fi enumerate: (a) bacteriofagii sunt organisme vii, 
cu o structură chimică și biologică instabilă, deci 
trebuie tratate ca GMO, produs biologic pentru 
utilizare medicală sau produs pentru terapie me-
dicală avansată; (b) lipsesc date concludente, ob-
ținute din studiile clinice controlate, asupra sigu-
ranței și eficacității lor la utilizarea în tratamentul 
pacienților umani; (c) imposibilitatea de înregis-
trare a dreptului de proprietate intelectuală asu-
pra bacteriofagilor care sunt ubicuitari și apar în 
mod natural în mediu (chiar și mutanți) (7, 10, 16, 
21, 30, 34, 36, 37). Lipsa unui cadru legal standar-
dizat, cel puțin la nivel regional, determină secun-
dar accesibilitatea scăzută a pacienților la terapia 
cu bacteriofagi. Chiar dacă terapia are o istorie ve-
che și este bine reglementată în diverse țări pre-
cum Polonia (începînd cu 1996), Georgia, Federa-
ția Rusă și China (începînd cu 1958), pacienții din 

alte țări (Belgia, Canada, Japonia etc.) pot doar re-
curge la turism medical sau tratament experi-
mental cu bacteriofagi pentru a se vindeca (36, 
37, 38). 

C. Oportunități 

În cadrul acestui studiu am determinat nouă opr-
tunități de utilizare a terapiei cu bacteriofagi în 
combaterea RAM. Șase studii (15%) au expus ar-
gumente în favoarea posibilității de utilizare a li-
zogenității bacteriofagilor ca mecanism și instru-
ment pentru restabilirea sensibilității bacteriilor 
rezistente la antimicrobiene prin incorporarea 
genelor care să modifice structura capsulei bacte-
riene sau funcția pompelor de eflux (10, 19, 21, 
28, 39, 40). Studiile lui Schooley RT și Suh GA. et 
al menționează că proprietatea bacteriofagilor de 
a penetra biofilmele bacteriene poate fi utilizată 
și în scop profilactic dacă dispozitivele implanta-
bile (catetere, implanturi dentare, șuruburi și tije) 
ar fi prelucrate cu o soluție cu concentrație înaltă 
de bacteriofagi (11, 28). Posibilitățile medicinei 
moderne precum ingineria genetică, secvențierea 
întregului genom ar putea permite utilizarea pro-
duselor biologice ale bacteriofagilor (enzime, pro-
teine) și a bacteriofagilor ca agenți antimicrobieni 
contra bacteriilor MDR și PDR, contra unui spec-
tru mai larg de agenți patogeni și ca vehicul sau 
matrice în producerea vaccinurilor (5, 10, 18, 21, 
33). 

Tendințele medicinei moderne implică orientarea 
spre medicina personalizată și integrarea inter-
vențiilor din sănătatea umană în conceptul ,,O sin-
gură sănătate". Publicațiile cercetate au arătat că 
terapia cu bacteriofagi poate fi utilizată în aceste 
direcții prin intermediul ingineriei genetice atât 
în medicina umană, cât și veterinară. Șase studii 
(15%) au susținut utilizarea bacteriofagilor ca 
metodă de combatere a tulpinilor bacteriene MDR 
și PDR izolate de la pacienți.  Bioingineria și sec-
vențierea genomică ar fi, după părerea lor, instru-
mente de primă importanță și necesitate în trata-
mentul individualizat al pacientului purtător de 
bacterie rezistentă cu ADN unic, dar este necesară  
o bibliotecă genomică extinsă (7, 19, 41-44). Su-
lakvelidze A. a susținut în lucrarea sa că fagii pot 
fi folosiți ca metodă de prevenție sau de tratament 
al afecțiunilor tractului gastrointestinal apărute 
ca rezultat al antibioterapiei (16). Autorii a 12,5% 
din publicațiile incluse în studiu (n=5) s-au pro-
nunțat în favoarea utilizării terapiei cu bacterio-
fagi pentru profilaxia bolilor în domeniile zooteh 
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nie, acvacultură cu înlocuirea parțială sau inte-
grală a antibioticelor, susținând că bacteriofagii 
au sau ar avea în perspectivă capacitatea să re-
ducă rata infecțiilor de origine zoonotică la oa-
meni (5, 32, 42, 43, 44). Pe lângă aceste oportuni-
tăți pe care le prezintă terapia cu bacteriofagi 
pentru sănătatea umană în vederea combaterii 
RAM, autorul unui articol a considerat drept opor-
tunitate și potențialul terapiei cu bacteriofagi de a 
revitala industria farmaceutică, sectorul de bioin-
ginerie și cel de afaceri. Poziția a fost argumentată 
prin cost-eficiența izolării și dezvoltării de noi fagi 
pentru terapie și rambursarea rapidă a investiții-
lor în caz de comercializare a produselor finite 
(38). 

D. Amenințări 

Au fost identificate șapte amenințări care ar putea 
diminua eficiența terapiei cu bacteriofagi. Trans-
ducția genică mediată de bacteriofagi a fost men-
ționată drept cel mai mare obstacol (12,5% din 
studii) în utilizarea terapiei cu bacteriofagi. 
Această proprietate a virusurilor de a media tran-
sferul genelor ce codifică rezistența la antimicro-
biene între  două bacterii este motivul principal al 
întârzierii aprobării de către organizațiile inter-
naționale de profil a terapiei cu fagi pentru com-
baterea RAM (11, 21, 24, 25, 45). Pe locul secund 
s-a clasat posibilitatea bacteriilor să dezvolte re-
zistență la fagi datorită adaptabilității rapide a 
acestora la condițiile nefavorabile de mediu. 
Această amenințare a fost determinată în 10% din 
studii (n=4) (11, 19, 26, 32). 

Al treilea obstacol identificat a fost lizogenia, pro-
prietatea bacteriofagilor de a-și integra materia-
lul genetic în genomul bacterian fără a induce liza 
bacteriei. Autorii celor  trei  studii care au înaintat 
acest obstacol drept o provocare la adresa sigu-
ranței terapiei cu fagi pentru pacienți l-au argu-
mentat prin faptul că materialul genetic viral 
poate altera ADN-ul bacteriei și induce hiperex-
primarea factorilor de virulență, care, combinat 
cu RAM, devine o dublă amenințare pentru viața 
pacientului (21, 25, 45). La celălalt capăt, bacteri-
ofagii litici cu eficacitate înaltă au fost considerați 
la fel de periculoși din cauza dezvoltării șocului 
septic la pacienți când detritul, produsele de me-
tabolism și toxinele bacteriene ajung în circuitul 
sangvin în cantități ce depășesc norma admisă de 
protocoalele de tratament în vigoare (21, 34). 

Alte două amenințări identificate au fost dilemele 
bioetice legate de tratamentul pacienților cu orga-

nisme vii, posibil modificate genetic și înalt muta-
gene, având în vedere că tratamentul administrat, 
chiar și experimental (în cadrul studiilor clinice) 
nu trebuie să dăuneze, iar pacientul are dreptul la 
autodeterminare dacă terapia este una experi-
mentală (7) și perspectiva unui cost ridicat pen-
tru tratamentul cu bacteriofagi dacă în costul pen-
tru terapia personalizată vor fi incluse cheltuielile 
pentru producerea fagilor individualizați, e pen-
tru spitalizare, pentru transportul soluției de fagi 
la patul pacientului (11) (fig. 2). 
 

DISCUȚII 

Analiza SWOT realizată pentru evaluarea terapiei 
cu bacteriofagi ca metodă de combatere a RAM a 
dat rezultate promițătoare. Punctele forte preva-
lează comparativ cu punctele slabe, cu un raport 
de 13:8, și există de 1,28 ori mai multe oportuni-
tăți decât amenințări în perspectiva implementă-
rii terapiei cu bacteriofagi ca metodă de trata-
ment. Unele puncte slabe sau obstacole listate de 
unii autori, sunt considerate oportunități în lu-
mina inovațiilor în medicina moleculară și bioin-
ginerie sau avantaje importante comparativ cu 
antibioterapia. 

Cu precădere, capacitatea bacteriofagilor de a 
muta spontan și de a atenua sau de a pierde pro-
prietățile litice au fost considerate de patru gru-
puri de autori drept un punct slab (10, 24, 25, 32), 
lizogenia și probabilitatea transducției genice – 
amenințări în  cinci publicații (11, 21, 24, 25, 45), 
de cealaltă parte, 22,5% din studii consideră 
aceste proprietăți ale fagilor drept oportunități în 
contextul evoluției fulminante a RAM (5, 10, 18, 
19, 21, 28, 33, 39, 40). Saha D. și coautorii consi-
deră mutagenitatea fagilor un atu important în 
depășirea rezistenței bacteriei-țintă față de bacte-
riofagul specific, ceea ce minimizează pericolul pe 
care îl prezintă apariția rezistenței față de bacte-
riofagi în timpul tratamentului (29). 

Lipsa cadrului legal standardizat la nivel regional, 
mai ales în spațiul european, aduce unele dificul-
tăți în privința popularizării și implementării te-
rapiei cu bacteriofagi în practica medicală. Este 
necesară realizarea unui studiu extins, multicen-
tric și multidisciplinar care să cuprindă analiza 
comportamentului fagilor in vitro, în mediu, in 
vivo (pe modele animale) și în practica clinică. As-
tfel, ar fi depășit blocajul aprobării și adoptării te-
rapiei cu fagi ca metodă de tratament și de com-
batere  a  fenomenului  RAM.  Studiile  clinice  con- 
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Figura 2. Terapia cu bacteriofagi  prin prisma metodei de analiza SWOT. 
 

trolate, considerate de EMA standardul de aur și 
unicul argument acceptabil la înregistrarea unei 
noi metode de tratament sau a unui nou preparat, 
ar fi una din metodele de cercetare ale aspectelor 
enumerate.  

Caracteristicile fagilor precum ubicuitatea, toxici-
tatea redusă, specificitatea înaltă, neafectarea al-
tor celule decât bacteriile-țintă, capacitatea de de-
zintegrarea a biofilmelor bacteriene sunt argu-
mente plauzibile în favoarea implementării tera-
piei cu bacteriofagi pe scară largă. Dilemele bioe-
tice privind siguranța acestor virusuri pentru să- 

nătatea umană se reduc considerabil dacă tratăm 
terapia cu bacteriofagi drept analog al adminis-
trării unui vaccin viu atenuat cum ar fi vaccinul 
BCG contra tuberculozei, vaccinul ROR sau Polio 
care sunt considerate sigure pentru utilizare. 
Acest punct de vedere a fost susținut și de Ano-
maly J. în publicația sa (46). 

Așadar, terapia cu bacteriofagi este o alternativă 
plauzibilă pentru a suplini sau a înlocui terapia cu 
antimicrobiene în  tratarea pacienților cu infecții 
cauzate de agenți patogeni MDR sau PDR (9, 23, 
30, 33). 

 

CONCLUZII 

1. Rezistența la antimicrobiene este o problemă de sănătate publică care necesită intervenții rapide și 
eficiente. Terapia cu bacteriofagi este o alternativă plauzibilă care și -a demonstrat eficacitatea în 
cei peste 100 de ani de evoluție. 

2. Punctele forte și oportunitățile care caracterizează terapia cu bacteriofagi depășesc riscurile 
utilizării acestei metode ca instrument de combatere a fenomenului RAM, cu un raport puncte 
forte/puncte slabe de 13:8 și oportunități/amenințări de 9:7.  

3. Inovațiile în medicina moleculară și în ingineria genică transformă dezavantajele bacteriofagilor 
precum mutagenitatea înaltă, lizogenia și capacitatea de transducție genică în oportunități pentru 
dezvoltarea terapiei personalizate pentru combaterea RAM.  

4. Autoritățile din domeniul sănătății publice ar trebui să promoveze și să întreprindă activități de 
cercetare în direcția implementării terapiei cu bacteriofagi atât în sănătatea umană, cât și în 
contextul abordării ,,O singură sănătate". 
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KNOWLEDGE, ATTITUDES AND PRACTICES REGARDING ANTIMICROBIAL RESIS-
TANCE IN LOW- AND MIDDLE-INCOME COUNTRIES - NARRATIVE SYNTHESIS 
Introduction. Antimicrobial resistance (AMR) is an acute medico-social problem, and in order 
to minimize its effects, a comprehensive approach is needed at the individual level and in the 
formulation of public health policies. 

Material and methods. A narrative synthesis of KAP studies results on AMR in LMICs was 
conducted. The search for sources was performed in public databases. After identifying articles 
and removing duplicates, 23 relevant ones were selected, of which 14 were fully analyzed. 

Results. Studies have indicated that knowledge is generally deficient in LMICs. Negative or 
neutral attitudes and practices concerning antibiotic prescribing and administration prevail, 
with widespread self-medication. Determining factors are diverse, and addressing the AMR 
phenomenon necessitates a comprehensive approach, including policy-level initiatives aimed 
at raising awareness and educating the population. 

Conclusions. The determinants of population KAP in LMICs are influenced by the economic 
situation and the health system. Clear objectives, correct sampling techniques, and standardi-
zation of research instruments are necessary for KAP studies to ensure the representativeness 
of the data. 
 

Cuvinte-cheie: cu-
noștințe, atitudini, 
practici; rezistența la 
antibiotice; țări cu ve-
nit mic și mediu. 

Introduction. Rezistența la antimicrobiene (RAM) este o problemă medico-socială stringentă, 
iar pentru minimizarea efectelor acesteia este necesară o abordare comprehensivă, la nivel 
individual, și  formarea politicilor de sănătate publică.  

Material și metode. A fost realizată o sinteză narativă a rezultatelor studiilor CAP (Cunoș-
tințe, Atitudini și Practici) privind RAM   în țările cu venit mic și mediu. Sursele  au fost căutate  
în bazele de date publice. După identificarea articolelor și dedublare, au fost selectate 23 de 
surse relevante, dintre care 14 au fost analizate integral. 

Rezultate. Studiile au arătat că în țările cu venit mic și mediu,  cunoștințele cu privire la  
prescrierea și administrarea antibioticelor sunt, în general, slabe, atitudinile negative sau ne-
utre, iar practicile necorespunzătoare, fiind  pe larg răspândită automedicația. Creșterea ni-
velului de conștientizare și educarea populației cu privire la fenomenul RAM necesită o abor-
dare complexă, inclusiv la nivel de politici. 

Concluzii. Determinantele CAP ale populației în țările cu venit mic și mediu sunt influențate 
de situația economică și de sistemul de sănătate. Pentru studiul CAP, care asigură reprezenta-
tivitatea datelor, sunt necesare obiective clare, tehnici de eșantionare corecte  și standardiza-
rea instrumentelor de cercetare.  
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INTRODUCERE 

Rezistența la antimicrobiene (RAM) este o ame-
nințare globală pentru sănătate, cu impact semni-
ficativ asupra sistemului de sănătate și a econo-
miei (1). Utilizarea abuzivă și excesivă a antimi-
crobienelor rămâne principala cauză a apariției 
agenților patogeni rezistenți la acțiunea acestora. 
Identificarea lacunelor în cunoștințe și planifica-
rea intervențiilor care ar putea duce la utilizarea 
rațională a antimicrobienelor sunt de o impor-
tanță decisivă pentru a reduce RAM (2). Minimi-
zarea efectului rezistenței la antimicrobiene ne-
cesită un răspuns politic adecvat, care se bazează 
pe o bună guvernare și coordonare (3). Factorii 
sociali și comportamentali ai utilizării inadecvate 
a antibioticelor au fost identificați ca unul dintre 
factorii-cheie care contribuie la apariția RAM. 
Sondajele privind cunoștințele, atitudinile și prac-
ticile  populației (CAP) fac parte din cadrul de mo-
nitorizare și de evaluare propus de Planul global 
de acțiune al OMS privind rezistența la antimicro-
biene (4).  

Scopul lucrării a fost identificarea caracteristicilor 
studiilor despre cunoștințele, atitudinile și practi-
cile RAM, determinantele CAP ale populației pri-
vind fenomenul RAM în țările cu venit mic și me-
diu (LMIC).  
 

MATERIAL ȘI METODE 

A fost realizată o sinteză narativă care prezintă 
rezultatele a 14 studii CAP ale populației privind 
rezistența la antimicrobiene din cadrul țărilor cu 
venit mic și mediu (LMIC). Căutarea surselor de 
informații a fost realizată în bazele de date 
PubMed, Google Scholar și Hinari cu ajutorul ur-
mătoarelor cuvinte-cheie: „antimicrobial resis-
tance AND kap”, „antimicrobial resistance NEAR 
knowledge AND attitude AND practice”, „antimi-
crobial resistance NEAR knowledge attitude prac-
tice”.  

Criteriile de includere a publicațiilor în studiu au 
fost: articol publicat în perioada ianuarie 2015 – 
ianuarie 2023; tipul de studiu – reviuri narative, 
studii descriptive și observaționale despre CAP al 
populației privind rezistența la antimicrobiene, 
metodologie clară și explicită; articole scrise în 
limba engleză.  

Criteriile de excludere a publicațiilor din studiu 
au fost: studii descriptive privind CAP ale studen-
ților facultăților de medicină, lucrătorilor din do 

meniul medical sau veterinar, articolele care nu 
au metodologie sau aceasta este prezentată neex-
plicit.  

Textul integral al studiilor a fost evaluat în baza 
variabilelor: scopul, metodologia, numărul cumu-
lat de participanți/eșantionul și rezultatele.  

Din informația colectată, au fost selectate eviden-
țele privind cunoștințele, atitudinile și practicile 
populației în legătură cu rezistența la antimicro-
biene care au fost interpretate și prezentate luând 
în considerare numărul, nivelul de evidență și ca-
litatea studiilor. În Google Academics au fost iden-
tificate în total 1 760 de citări, în baza de date 
PubMed – 511, în HINARI – 523. După eliminarea 
înregistrărilor duplicate și screeningul abstracte-
lor, au fost selectate 23 de articole, dintre acestea 
au fost excluse nouă  care nu se refereau la țările 
cu venit mic și mediu, fiind  revizuite integral 14 
articole. 

Studiul este realizat în cadrul Proiectului de cer-
cetare „Phage treatment and wetland technology 
as intervention strategy to prevent dissemination 
of antibiotic resistance in surface waters (Pha-
geLand)” cifrul 22.80013.8007.1M și a fost apro-
bat la Comitetul de Etică a Cercetării al Universi-
tății de Stat de Medicină și Farmacie ,,Nicolae Tes-
temițanu”, proces-verbal nr. 7 din 9.01.2022 (5). 
 
REZULTATE 

După screeningul textului integral, au fost incluse 
în  reviul integrativ 14 articole enumerate în tabe-
lul 1, cu un număr cumulat de participanți la stu-
diu de 9380 de persoane din populația generală. 

Toate cele 14 studii incluse în analiză au avut obi-
ective clare privind evaluarea nivelului de cunoș-
tințe, atitudinii și practicii populației în legătură 
cu rezistența la antimicrobiene și consumul lor. 
Au fost folosite metodologii adecvate pentru stu-
dii transversale bazate pe populație în raport cu 
întrebările cercetate. 

Studiile au demonstrat că în majoritatea țărilor 
LMIC populația are cunoștințe slabe privind utili-
zarea antibioticelor (6, 7, 8, 12, 13, 14, 16, 18, 19). 
În unele țări totuși există o tendință de îmbunătă-
țire a cunoștințelor în acest domeniu datorită di-
feritor practici de creștere a gradului de conștien-
tizare și de educare a populației (9, 11, 15, 17) ,  
îmbunătățirea factorilor socio-culturali (10).  
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În țările LMIC, pe lângă cunoștințele reduse ale 
populației cu privire la administrarea corectă a 
antibioticelor, persistă o atitudine negativă față 
de acest fenomen (6, 12, 13, 14, 16, 18) sau neutră 
(19). În alte țări, pe lângă nivelul mai înalt de cu-
noștințe, se observă și o atitudine conștientă, as-
tfel populația cunoaște unii termeni referitori la 
antimicrobiene și rezistență la antibiotice. Majo-
ritatea participanților au recunoscut că rezistența 
la antibiotice este o problemă (9, 11, 15, 17). Prac-
ticile populației în legătură cu rezistența la antibi-
otice sunt inadecvate (6, 7, 8, 12, 13, 14, 16) acolo 
unde este foarte răspândită automedicația și 
prescrierea inadecvată a antimicrobienelor (7, 8, 
14, 16),  unde lipsește accesul la facilități de asis-
tență medicală (10). În general, practicile privind 
administrarea antibioticelor sunt corelate cu ni-
velul de cunoștințe al populației. Astfel, în unele 
cazuri s-au identificat practici corespunzătoare la 
populația anchetată, dar care totuși necesită îm-
bunătățire (9, 11, 15, 17, 19). Sunt binevenite 
unele campanii de conștientizare pentru a atenua 
utilizarea inadecvată a antibioticelor (9) , precum 
și politicile referitoare la utilizarea corespunză-
toare a antibioticelor, interzicerea comercializării 
acestora fără prescripție și abordarea One Health 
(9, 10, 16). 
 

DISCUȚII 

În urma analizei publicațiilor științifice au fost 
identificați determinanții principalelor comparti-
mente. Nivelul redus de cunoaștere de către po-
pulație a fenomenul de RAM în LMIC este influen- 

țat, în primul rând, de nivelul scăzut de educație 
al populației (8) și de accesul limitat la informații 
medicale (9), inclusiv cu privire la antibiotice și la 
administrarea corectă a acestora. Atitudinile ne-
gative ale populației privind fenomenul RAM 
sunt, în mare parte, agravate de nivelul redus de 
trai (13) și de atitudinea indiferentă față de pro-
blemele stringente din  sănătatea publică (15, 18), 
lipsa de încredere în sistemul de sănătate (10), 
comunicare defectuoasă între medici și pacienți . 
Practicile slabe ale populației privind fenomenul 
RAM sunt determinate, în mare parte, de sărăcie 
și de situația conomică precară, de reutilizarea 
antibioticelor rămase (6, 14) și de automedicație 
(7, 9, 13, 17). Principalele motive invocate pentru 
practicarea automedicației în țările în curs de 
dezvoltare sunt lipsa accesului la asistență medi-
cală aproape de populație, lipsa surselor financi-
are, ignoranța (7) și, cel mai important, lipsa sau 
controlul redus din partea autorităților cu privire 
la consumul de antibiotice, ceea ce duce inevitabil 
la agravarea situației privind RAM (9, 10, 12).  

Studiile CAP pot ajuta factorii de decizii să plani-
fice acțiuni și strategii de combatere a RAM și de 
atenuare a efectelor acestui fenomen (20). Pentru 
a maximiza efectele utilizării studiilor CAP este 
necesar suportul programelor de sănătate pu-
blică pentru a face progrese în rezolvarea proble-
melor RAM (21). Creșterea nivelului de conștien-
tizare și educarea populației cu privire la rezis-
tența la antibiotice are un rol important în preve-
nirea răspândirii  acestui fenomen (22). 

 

CONCLUZII 

1. Această sinteză a identificat câteva caracteristici ale studiilor privind cunoștințele, atitudinile și 
practicile privind rezistența la antimicrobiene și consumul acestora.  

2. Sunt necesare obiective foarte clare ale sondajului/studiului.  

3. Pentru asigurarea reprezentativității datelor obținute sunt necesare tehnici de eșantionare 
corespunzătoare și corecte din punct de vedere științific.  

4. Pentru a obține date credibile și comparabile sunt necesare teste de probă ale sondajelor și 
metode de implementare a chestionarelor, precum și standardizarea instrumentelor de cercetare.  

5. În timpul elaborării chestionarului, trebuie luate în considerare caracteristicile sistemelor de 
sănătate, accesul la serviciile de sănătate.  

6. Studiile CAP sunt un instrument de valoare mai ales dacă este asigurat suportul programelor de 
sănătate publică în scopul elaborării măsurilor de reducere a fenomenului de RAM.  
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Introduction. Antibiotic consumption represents a crucial aspect of modern healthcare. 
Abuse and inappropriate use of antibacterial agents contribute to the phenomenon of bac-
terial resistance. The aim of the study was to determine antibiotic consumption in hospital 
conditions and map the results in order to highlight regions in the country with the highest 
levels of antibiotic consumption and the classes of antibiotics used. 

Material and methods. Antibiotic consumption in hospitals (64 facilities) over a 4-year pe-
riod (2018-2021) was determined using the defined daily dose (DDD) as the unit of measu-
rement. The quantity of antibiotics consumed was expressed in DDD/1000 patient-days (hos-
pitalization days), followed by mapping the results.  

Results. A "very high" level of antibiotic consumption, expressed in DDD/1000 patient-days, 
was observed in the Falesti district, while a "medium" level of antibacterial agent con-
sumption was observed in the Taraclia, Comrat, Ialoveni, Singerei, Glodeni, and Dondu seni 
districts. The total consumption per antibiotic class revealed an increased use of Cephalos-
porins, Imidazole derivatives, Macrolides, Tetracyclines, Fluoroquinolones, and Aminoglyco-
sides.  

Conclusions. Mapping antibiotic consumption is an efficient tool in highlighting adminis-
trative-territorial regions with high antibiotic consumption and identifying the most fre-
quently used antibiotic classes. Providing this information is useful for developing policies 
aimed at optimizing antibiotic use and minimizing resistance.  

 

Cuvinte-cheie: car-
tografiere, consum de 
antibiotice, DDD, 
OMS, spitale. 

 
CARTOGRAFIEREA CONSUMULUI DE ANTIBIOTICE ÎN REPUBLICA MOLDOVA   
Introducere. Consumul de antibiotice reprezintă un aspect crucial al asistenței medicale mo-
derne. Abuzul și utilizarea necorespunzătoare a preparatelor antibacteriene favorizează fe-
nomenul de rezistență bacteriană. Scopul studiului a fost determinarea consumului de antibi-
otice în condiții de staționar în Republica Moldova și cartografierea rezultatelor obținute.    

Material și metode. În acest studiu a fost determinat consumul de antibiotice în condiții de 
staționar (64 de spitale), pe o perioadă de patru ani (2018-2021), folosind ca unitate de mă-
sură doza zilnică definită (DDD). Cantitatea de antibiotice consumată a fost exprimată în 
DDD/1000 zile-pacient (zile de spitalizare), ulterior fiind efectuată cartografierea rezulta-
telor.  

Rezultate. Rezultatele înregistrate atestă un nivel „foarte mare” de consum de antibiotice 
exprimat în DDD/1000 zile de spitalizare în raionul Fălești și un nivel „mediu” de consum de 
preparate antibacteriene în raioanele Taraclia, Comrat, Ialoveni, Sîngerei, Gloden i, Dondu-
șeni. Consumul total per clase de antibiotice a scos în evidență un consum sporit de cefalos-
porine, de derivați de imidazol, de macrolide, de tetracicline, de fluorochinolone și de ami-
noglicozide.   

Concluzii. Cartografierea consumului de antibiotice reprezintă un instrument eficient de 
evidențiere a regiunilor administrativ-teritoriale în care consumul de antibiotice este ridi-
cat, și a claselor de antibiotice cel mai frecvent utilizate. Aceste informații sunt utile pentru 
elaborarea de politici menite să optimizeze utilizarea antibioticelor și să minimizeze 
rezistența acestora. 
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INTRODUCTION 

Antibiotics are crucial for treating infectious dis-
eases, but bacterial resistance poses a rapidly in-
creasing global threat. A key driver of resistance 
is antibiotic use (1). Monitoring antibiotic con-
sumption patterns over time and across countries 
could inform policies aimed at optimizing antibi-
otic prescribing and minimizing antibiotic re-
sistance. This may involve setting and enforcing 
per capita consumption targets or supporting in-
vestments in alternatives to antibiotics (2). 

According to the European Centre for Disease 
Prevention and Control, hospital consumption 
represents only 9% of the overall European Un-
ion/European Economic Area (EU/EEA) total 
consumption of antibacterials for systemic use. 
The continued decline in consumption between 
2020 and 2021 is not immediately apparent when 
hospital and community sectors are combined. 
The overall EU/EEA population-weighted mean 
consumption in the hospital sector decreased lin-
early by 0.04 DDD per 1,000 inhabitants per day 
between 2016 and 2019. The largest annual de-
crease occurred in 2020 (0.11 DDD per 1,000 in-
habitants per day), followed by a reduction of 
0.05 DDD per 1,000 inhabitants per day in 2021. 
At the country-level, eight countries experienced 
increases in hospital consumption between 2019 
and 2020, and 11 had increases between 2020 
and 2021. Five countries (Bulgaria, Croatia, 
Greece, Portugal, and Slovakia) had higher hospi-
tal consumption in 2021 than in 2019. The overall 
EU/EEA population-weighted proportion of Anti-
microbial Medicines Consumption (AMC) from 
broad spectrum sub-groups also showed consec-
utive annual increases during the period 2019–
2021. The largest annual increase in the past 10 
years occurred between 2020 and 2021 (3). 

In the Republic of Moldova, antibiotics constitute 
approximately 10% of the total number of medi-
cines, with a prevalence of antibiotic consump-
tion at 42.7%. National results, based on data re-
garding the antimicrobial resistance profile of mi-
croorganisms involved in systemic infections, in-
dicate a high level of resistance. Isolates of K. 
pneumoniae show increased resistance to cepha-
losporins (>96%), fluoroquinolones (>50%), and 
aminoglycosides (>90%). For A. baumannii, the 
resistance profile to fluoroquinolones is 100%, 
carbapenems >90%, and aminoglycosides >95%. 
E. coli strains exhibit resistance rates of >80% to  

penicillins, >65% to cephalosporins, and >55% to 
fluoroquinolones. 

Currently, in the Republic of Moldova, 505 drugs 
are registered and classified according to the in-
ternational code - ATC (Anatomical Therapeutic 
Chemical Classification) as systemic antibacterial 
agents. According to the Medicines and Medical 
Devices Agency (AMDM), there has been a con-
stant increase in the number of antibiotics used in 
the last three years. In 2021, over 70 million pack-
ages were imported, representing a 10% increase 
compared to previous years, or over 20 boxes per 
capita within a year, which translates to almost 
two boxes per person per month (4, 5). 

Therefore, there is a need to enhance the national 
surveillance system for antibacterial resistance 
and monitoring of antibiotic consumption both in 
hospital and outpatient settings. Studies on anti-
biotic consumption in hospital conditions in the 
Republic of Moldova are limited, which is why de-
termining and mapping antibiotic consumption 
are crucial steps in preventing antibacterial re-
sistance and promoting the rational use of antibi-
otics. 

The aim of the study was to determine the con-
sumption of antibiotics in hospitals in the Repub-
lic of Moldova and to map the results in order to 
highlight which regions of the country exhibit the 
highest levels of antibiotic consumption and the 
classes of antibiotics used. 
 

MATERIAL AND METHODS 

A comprehensive descriptive study was con-
ducted to determine the consumption of antibac-
terial agents based on the geographical location of 
Public Health Institutions (IMSP) and the type of 
antibiotic delivered to IMSP. 

The research utilized reports on the execution of 
public procurement contracts from the years 
2018-2021, along with the number of hospitaliza-
tion days of the healthcare units included in the 
study during the analyzed period. 

The determination of antibacterial agent con-
sumption was carried out in 64 IMSPs in the Re-
public of Moldova (the study did not include the 
Transnistrian region), using Defined Daily Dose 
(DDD) as the measurement unit recommended by 
the World Health Organization (WHO) for drug 
utilization studies (6). 
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The quantity of antibiotics consumed was ex-
pressed in DDD/1000 hospitalization days, with 
the DDD values from the 2022 version of the 
WHO's Anatomical Therapeutic Chemical Classifi-
cation/Defined Daily Dose (ATC/DDD) system 
used for each antibiotic. 

The practical calculation method of DDD/1000 
patient days (hospitalization days) followed this 
algorithm: 

Stage I: Examination of the antibacterial deliv-
ery report for each IMSP individually. 
Stage II: Conversion of all concentrations into 
grams or million units (MU). 
Stage III: Tabular insertion of columns: WHO 
DDD, and respective WHO DDD Unit. 
Stage IV: Calculation of DDD. 
Stage V: DDD calculation per 1000 hospitaliza-
tion days. 
Stage VI: Arrangement of antibacterial agents 
by classes. 
Stage VII: The results obtained were entered 
into electronic databases and statistically pro-
cessed using Microsoft Office Excel and IBM 
SPSS Statistics programs.  

Based on the geographical location of IMSPs, the 
quantity of consumed antibiotics was centralized 
and distributed per district/municipality, fol-
lowed by mapping the results. 

Districts/municipalities were classified into 5 lev-
els of antibiotic consumption based on the values 
obtained from the determination of DDD/1000 
hospitalization days over the years 2018-2021. 

Thus, the following levels were outlined: “very 
high” – 25.4-30 DDD/1000 hospitalization days, 
“high” – 20.7-25.4 DDD/1000 hospitalization 
days, “medium” – 16-20.7 DDD/1000 hospitaliza-
tion days, “low” – 11.4-16 DDD/1000 hospitaliza-
tion days, “very low” – 5-11.4 DDD/1000 hospi-
talization days. 
 

RESULTS 

After analyzing the distribution of districts/mu-
nicipalities based on the level of antibiotic con-
sumption, the research results revealed a “very 
low” level of antibacterial agent usage from 2018 
to 2021 in the following districts of the Republic 
of Moldova (fig. 1): Cahul, Cimislia, Hincesti, 
Nisporeni, Straseni, Calarasi, Orhei, Telenesti, Re-
zina, Soldanesti, and in the Municipality of Balti. 

The total antibiotic consumption in these districts  

during the years 2018-2021 ranged between 5-
11.4 DDD/1000 hospitalization days. 

A "low" level of antibacterial agent consumption 
was recorded in the following districts: Cantemir, 
Leova, Basarabeasca, Stefan Voda, Causeni, Anenii 
Noi, Criuleni, Ungheni, Floresti, Soroca, Drochia, 
Edinet, Briceni, and in the Municipality of Chis-
inau. 

The total antibiotic consumption in these districts 
during the years 2018-2021 ranged between 
11.4-16 DDD/1000 hospitalization days. 

A "medium" level of antibacterial agent consump-
tion was recorded in the following districts: Tara-
clia, Comrat, Ialoveni, Singerei, Glodeni, and 
Donduseni. 

The total antibiotic consumption in these districts 
during the years 2018-2021 ranged between 16-
20.7 DDD/1000 hospitalization days. 

Districts with a "high" level of antibiotic consum-
ption, ranging between 20.7-25.4, were not iden-
tified. 

A "very high" level of antibacterial agent con-
sumption was recorded in Falesti district, where 
the total antibiotic consumption during the years 
2018-2021 ranged between 25.4-30 DDD/1000 
hospitalization days. 

The trend of consumption for antibacterial prep-
arations for the years 2018-2021 within the Pub-
lic Health Institutions (IMSP) of the Republic of 
Moldova, as shown in Figure 2, is as follows: 

a) In 2018, the average total antibiotic con-
sumption was 12.3 DDD/1000 hospitalization 
days. 
b) In 2019, the average total antibiotic con-
sumption was 11 DDD/1000 hospitalization 
days. 
c) In 2020, the average total antibiotic con-
sumption was 15.6 DDD/1000 hospitalization 
days. 
d) In 2021, the average total antibiotic con-
sumption was 12.01 DDD/1000 hospitaliza-
tion days. 

Thus, there is an observed trend of increased an-
tibiotic consumption in hospitals in the Republic 
of Moldova in 2020, a period associated with the 
COVID-19 pandemic. Additionally, in 2021, the 
trend of antibiotic preparations consumption is 
decreasing in the hospital sector, constituting 
12.01 DDD/1000 hospitalization days. 
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Figure 1. Mapping the antibiotic consumption in the Republic of Moldova based on administrative -ter-
ritorial zone for the years 2018-2021, Expressed in DDD/1000 hospitalization days. 

 

 

Figure 2. The trend of antibiotic consumption for the years 2018-2021,  
expressed in DDD/1000 hospitalization days. 

 

Thus, there is an observed trend of increased an-
tibiotic consumption in hospitals in the Republic 
of Moldova in 2020, a period associated with the 
COVID-19 pandemic. Additionally, in 2021, the 
trend of antibiotic preparations consumption is 
decreasing in the hospital sector, constituting 
12.01 DDD/1000 hospitalization days. 

Regarding the classes of consumed antibacterial 
preparations, as shown in Figure 3, it is presented 
as follows: 

a) In 2018, there was an increased consumption 
of antibiotics from the following classes: Cephalo-
sporins (21.2 DDD/1000 hospitalization days), 
Imidazole derivatives (16.1 DDD/1000 hospitali-
zation days), Quinolones (13.6 DDD/1000 hospi-
talization days), and Tetracyclines (14.4 
DDD/1000 hospitalization days). 
b) In 2019, there was an increased consumption 
of antibiotics from the following classes: Cephalo-
sporins  (18.4  DDD/1000  hospitalization  days), 
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Tetracyclines (15.5 DDD/1000 hospitalization 
days), Imidazole derivatives (14.4 DDD/1000 
hospitalization days), and Macrolides (10.4 
DDD/1000 hospitalization days). 
c) In 2020, there was an increased consumption 
of antibiotics from the following classes: Cephalo-
sporins (25.6 DDD/1000 hospitalization days), 
Macrolides (21.7 DDD/1000 hospitalization 
days), Tetracyclines (19.7 DDD/1000 hospitaliza-
tion days),  and  Imidazole  derivatives  (15 DDD/  

1000 hospitalization days). 
d) In 2021, there was an increased consumption 
of antibiotics from the following classes: Cephalo-
sporins (17.4 DDD/1000 hospitalization days), 
Fluoroquinolones (15.4 DDD/1000 hospitaliza-
tion days), Macrolides (12.9 DDD/1000 hospitali-
zation days), Nitrofuran derivatives (9.9 
DDD/1000 hospitalization days), and Aminogly-
cosides (9.5 DDD/1000 hospitalization days). 

 

 

Figure 3. The consumption per class of antibiotics for the years 2018-2021,  
expressed in DDD/1000 hospitalization days. 

 

 

Figure 4. The total consumption per class of antibiotics for the years 2018-2021, 
expressed in DDD/1000 hospitalization days. 
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Following the centralization of data for the years 
2018-2021, the total consumption per class of an-
tibiotics highlighted an increased consumption 
for the following antibiotic groups (fig. 4): Cepha-
losporins (20.5 DDD/1000 hospitalization days), 
Imidazole derivatives (14.1 DDD/1000 hospitali-
zation days), Macrolides (13.8 DDD/1000 hospi-
talization days), Tetracyclines (13.2 DDD/1000 
hospitalization days), Fluoroquinolones (11.2 
DDD/1000 hospitalization days), and Aminogly-
cosides (9.4 DDD/1000 hospitalization days). 
 

DISCUSSIONS 
Providing reliable national data on the consump-
tion of antibacterial agents is mandatory to un-
derstand the epidemiology of antibiotic re-
sistance, as antibiotic misuse is a key factor pro-
moting bacterial resistance (5). While the major-
ity of antibiotics are used in outpatient settings, 
the administration of antibiotics in hospitals is a 
major driver for the spread of multidrug-resistant 
bacteria responsible for nosocomial infections. 

Thus, the conducted study serves as an efficient 
tool in providing valuable information for the de-
velopment of new policies to prevent and combat 
nosocomial infections. The determined consump-
tion levels reflect the situation only in hospital 
conditions; for a more comprehensive overview, 

it is necessary to assess antibiotic consumption in 
outpatient settings as well. 

Regarding the antibiotic classes used in hospitals 
during the years 2018-2021, there is a predomi-
nant high consumption for antibiotics in the fol-
lowing classes: Cephalosporins, Imidazole deriva-
tives, Macrolides, Tetracyclines, and Fluoroquin-
olones, and lower consumption for antibiotics in 
the classes: Amphenicols, Polymyxins, Carba-
penems, Glycopeptides, and Lincosamides. The 
trend in antibiotic consumption is decreasing for 
the year 2021 by 23% compared to 2020. 

Studies on antibiotic consumption are limited, as 
a major challenge in conducting these studies is 
the lack of data on antibiotic consumption in low- 
and middle-income countries (7). Strengthening 
national networks in the field of antimicrobial re-
sistance and expanding subsequent participation 
in global and regional networks will enable the 
Republic of Moldova to adjust quality standards 
and operational procedures to international rigor 
and obtain comparable, standardized, and accu-
rate data for evidence-based decision-making (4). 
Currently, monitoring of antimicrobial consump-
tion relies on import data, and there is a clear 
need for the use of additional data sources, such 
as retail trade, including disaggregation by com-
munity and hospital sectors. 

 

CONCLUSIONS 

1. Mapping antibiotic consumption represents an efficient tool for highlighting the administrative -
territorial regions with increased antibiotic use, contributing to the improvement of the national 
system for monitoring antimicrobial resistance and antibiotic consumption based on contemporary 
approaches. The study reveals a "very high" level of antibiotic consumption expressed in DDD/1000 
hospitalization days in Falesti district and a "medium" level of antibacterial preparations consump-
tion in the districts of Taraclia, Comrat, Ialoveni, Singerei, Glodeni, and Donduseni. Continuous mon-
itoring of antibiotic consumption trends provides important information to competent authorities 
for implementing measures to reduce irrational antibiotic use, thereby decreasing the risk of re-
sistant bacterial strains. 
 

2. Determining the consumption of antibacterial preparations used in a hospital setting is an im-
portant step in estimating the costs associated with acquiring these preparations. It can signal the 
onset of bacterial resistance to certain classes of antibiotics and serve as an efficient tool to limit 
the misuse of drugs from a specific antibiotic class.  
 

CONFLICT OF INTEREST 

Authors have no conflict of interest to declare. 
 

ETHICAL APPROVAL 

Favorable opinion from the Research Ethics 
Committee No. 5 dated 12.07.2022, ref. no. 42 
dated 26.05.2022, for the scientific research pro 

ject titled: "Evaluation of antibiotic consumption 
and rational use of antibacterial preparations in 
hospitals." 
 

ACKNOWLEDGMENTS 
The authors would like to thank the Center for 
Centralized Public Procurement in Health for 
providing data on drug deliveries and to the 

 



 
 

 

    60  
 

Special edition 
January 2024 

 

2020 
 

National Agency for Public Health for providing 
data on hospitalization days. The research was 
conducted within the multinational project 
PhageLand, "Phage treatment and wetland tech-
nology as an intervention strategy to prevent the 
dissemination of antibiotic resistance in surface 

waters (PhageLand)," project code 
22.80013.8007.1M. 
The PhageLand project is funded through the 
Horizon Europe program under the JPI Antimi-
crobial Resistance mechanism. 

 

REFERENCES 

1. Versporten A, Gyssens IC, Pulcini C, Monnier AA, 
Schouten J, Milanič R, et al. Metrics to assess the 
quantity of antibiotic use in the outpatient setting: 
a systematic review followed by an international 
multidisciplinary consensus procedure. J Antimi-
crob Chemother. 2018;73(suppl_6):vi59-66.  
doi:10.1093/jac/dky119 

2. Klein Eili Y, Van Boeckel TP, Martinez EM, Pant S, 

Gandra S, Levin SA, et al. R. Global increase and ge-

ographic convergence in antibiotic consumption 

between 2000 and 2015, Proc Natl Acad Sci U S A. 
2018;115(15):E3463–E3470.  

doi:10.1073/pnas.1717295115 

3. European Centre for Disease Prevention and Con-
trol. Antimicrobial consumption in the EU/EEA 
(ESAC-Net) - Annual Epidemiological Report 2021. 
Stockholm: ECDC; 2022. Available at: 
https://www.ecdc.europa.eu/sites/de-
fault/files/documents/ESAC-Net_AER_2021_fi-
nal-rev.pdf  [Accessed January 7, 2024]. 

4. Programul național pentru supravegherea și com-
baterea rezistenței la antimicrobiene pe anii 2023-
2027 [National Program for Surveillance and Con-
trol of Antimicrobial Resistance for 2023-2027]. 
Available at: https://gov.md/sites/default/files/ 
document/attachments/subiect-09-nu-463-ms-
2023_0.pdf [Accessed January 7, 2024]. 

5. Macari D, Scutari C, Todiraș M, Ferdohleb A. 
Metodologia determinării formulei de calcul a con-
sumului de antibiotice în spitale: Recomandări 
metodice [Methodology for determining the for-
mula for calculating antibiotic consumption in 
hospitals: Methodical recommendations]. Chisi-
nau: ”Print Caro”, 2023. Available at: https://re-
pository.usmf.md/bitstream/20.500.12710/ 
25230/1/METODOLOGIA_DETERMI-
NARII_DDD.pdf [Accessed January 7, 2024]. 

6. Negreş S, Zbârcea CE, Chiriţă C, Ştefănescu E, Paul 
MD, Şeremet OC, et al. Doza zilnică definită (DDD) 
unitate de măsură a consumului de medicamente în 
farmacia de spital şi în farmacia de comunitate [De-
fined daily dose (DDD) unit of measurement of 
drug consumption in hospital and community 
pharmacy]. Farmacia etică: istorie, realităţi şi per-
spective. Chișinău, 2018. https://ibn.idsi.md/  vi-
zualizare_articol/124831 [Accessed January 7, 
2024]. 

7. Browne AJ, Chipeta MG, Haines-Woodhouse G, Ku-

maran EPA, Hamadani BHKet al. Global antibiotic 

consumption and usage in humans, 2000-18: a 

spatial modelling study. Lancet Planet Health. 
2021;5(12):e893-e904.  

doi:10.1016/S2542-5196(21)00280-1 

 
 



 
 

  61 
 

Special edition 
January 2024 

 

2020 RATIONAL USE OF ANTIBACTERIALS IN PLEURAL EMPYEMA  

Nicolae BACINSCHI1, Anastasia CARACAS1 , Svetlana LATUS1, Eugenia VASILACHE1,2  
1Nicolae Testemitanu State University of Medicine and Pharmacy, Chisinau, Republic of Moldova 
2Gheorghe Paladi Municipal Clinical Hospital, Chisinau, Republic of Moldova 

Corresponding author: Anastasia Caracas, e-mail: anastasia.caracas@usmf.md 

 
 
Keywords: pleural 
empyema, antibacte-
rial drugs, pathoge-
nic flora, rational use. 

 
Introduction. Pleural empyema remains a significant cause of morbidity and mortality glob-
ally. The rising incidence of this complex pathology necessitates an evaluation of diagnostic 
methods, surgical treatment, and antibiotic therapy strategies.  

Material and methods. We selected and analyzed 50 observation records of patients with 
pleural empyema admitted to the thoracic surgical ward at Timofei Mosneaga Republican 
Clinical Hospital. A literature review was conducted to elucidate the rationale behind the ad-
ministration of antibacterial treatment.  

Results. Bacteriological examination of the pleural fluid revealed the presence of pathogenic 
flora, predominantly gram-negative (15 cases) - P. aeruginosa, Acinetobacter, K. pneumoniae, 
E. aerogenes, S. marcescens, Corrynebacterium, P. mirabilis, and in 5 cases,  a polymicrobial 
etiology was observed. Evaluation of microbial susceptibility allowed for a rational choice of 
antibacterial treatment. Beta-lactam antibiotics were most frequently administered, either in 
monotherapy or in combination. Other groups of antibacterials administered included fluoro-
quinolones, aminoglycosides, macrolides, polymyxins, nitroimidazole derivatives, and glyco-
peptides.  

Conclusions. Effective and harmless antibacterial treatment can only be achieved by identify-
ing the causative pathogens and their antimicrobial susceptibility, ensuring adequate concen-
trations in the pleural space, determining the routes of administration, the duration of ther-
apy, and the rational combination of antimicrobials. 
 

Cuvinte-cheie: em-
piem pleural, anti-
bacteriene, floră pa-
togenă, utilizare rați-
onală. 

 

UTILIZAREA RAȚIONALĂ A ANTIBACTERIENELOR ÎN EMPIEMUL PLEURAL  
Introducere. Empiemul pleural continuă să fie o cauză importantă de morbiditate și de 
mortalitate în lume, iar creșterea incidenței acestei patologii complexe necesită o evaluare  a 
metodelor de diagnostic, de tratament chirurgical și a strategiilor de antibioterapie.   

Material și metode. Au fost selectate și analizate 50 de fișe de observație ale pacienților cu 
empiem pleural internați în Secția chirurgie toracică a IMSP SCR ,,Timofei Mosneaga”. Pentru 
elucidarea raționalității administrării tratamentului antibacterian a fost efectuat review -ul 
literaturii.  

Rezultate. Examenul bacteriologic al lichidului pleural a permis depistarea florei patogene, 
preponderent floră gramnegativă (15 cazuri) - P. aeruginosa, Acinetobacter spp., K. 
pneumoniae, E. aerogenes-, S. marcescens, Corrynebacterium spp., P. mirabilis, iar în cinci 
cazuri – de etiologie polimicrobiană. Evaluarea sensibilității microorganismelor la 
antimicrobiene a permis alegerea rațională a tratamentului antibacterian. Cel mai frecvent, 
în monoterapie sau în combinație, au fost administrate antibioticele beta-lactamice. De ase-
menea au fost administrate antibacteriene din următoarele grupe: fluorochinolone, aminogli-
cozide, macrolide, polimixine, derivați de nitroimidazol, glicopeptide.   

Concluzii. Tratamentul antibacterian eficient și inofensiv în emfizemul pleural poate fi reali-
zat doar prin stabilirea agenților patogeni etiologici și a sensibilității lor la preparatele anti-
microbiene, asigurarea unor concentrații adecvate în spațiul pleural, determinarea căilor de 
administrare, duratei curei de tratament, asocierea rațională de antimicrobiene. 
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INTRODUCTION 

Pleural infections present a significant challenge 
for medical practice and public health, with a 
mortality rate of 10-20%, and even 35% in elderly 
and immunocompromised patients. Recent epi-
demiological data has indicated a global increase 
in the incidence of pleural infections, attributed to 
factors such as the growing elderly population 
with multiple chronic comorbidities, frequent use 
of immunosuppressive medications, evolution of 
pathogenic microbial flora and bacterial re-
sistance, and improved accessibility of diagnostic 
methods, including in outpatient settings. The 
treatment of pleural infections is considered one 
of the most expensive among all lung infections. 
Various causes of pleural infections have been 
identified, including community-acquired and 
hospital-acquired pneumonia, lung abscess, chest 
injuries and trauma, bronchopleural fistula, 
esophageal perforation, post-surgical complica-
tions, bronchogenic cancer, immunocompro-
mised conditions, post-operative infections, pa-
tients on hemodialysis, and those undergoing an-
titumor therapy. The subacute onset of the pa-
thology leads to delayed admission of patients to 
specialized medical services and thus the thera-
peutic management of pleural empyema is associ-
ated with long duration of hospitalization, signifi-
cant use of healthcare resources, long-term anti-
biotic therapy, chest tube drainage, and/or sur-
gery. While mortality from pleural infections has 
decreased considerably in the antibiotic era, the 
increased use of antimicrobial preparations, in-
cluding irrational use, has led to a rise in bacterial 
resistance, as evidenced by the epidemics and 
pandemics of the early 21st century (SARS CoV, 
MRES, Ebola, SARS CoV-2, etc.). In this context, it 
is imperative to adjust the antibacterial therapy of 
pleural infections by addressing several key ques-
tions, such as the selection of antibacterial prepa-
rations for empirical therapy, improvement of 
methods for detecting pathogens and their sus-
ceptibility to antimicrobial preparations, deter-
mination of optimal routes of antibiotic admin-
istration and duration of antibacterial treatment, 
rationality of stepwise antibacterial therapy, 
pharmacokinetic studies on drug penetration into 
the site of infection, ensuring sufficient inhibitory 
concentrations to combat pathogens, and advo-
cating for combinations of antimicrobial prepara-
tions (1 - 4).  

The aim of the study was to analyze the spectrum  

of pathogens causing pleural empyema and their 
susceptibility to antimicrobial preparations, to 
characterize the groups of antibacterial prepara-
tions used, the duration of antibacterial treat-
ment, and to justify the prescription of antimicro-
bial preparations based on pharmacokinetic data. 
 
MATERIAL AND METHODS  

The study was retrospective, involving the selec-
tion and analysis of 50 medical records of patients 
with pleural empyema as the primary (46 cases) 
or secondary (4 cases) clinical diagnosis, with or 
without fistulas, who were admitted to the tho-
racic surgery ward at the Timofei Mosneaga Re-
publican Clinical Hospital. Bacteriological results 
from the medical records were analyzed to iden-
tify pathogens and their sensitivity to antibacte-
rial preparations, and the prescription records 
were examined to analyze the antibiotics and syn-
thetic chemotherapeutic agents used in the treat-
ment. Additionally, relevant literature on antibac-
terial treatment for pleural infections was se-
lected and analyzed in the PubMed database us-
ing keywords such as pleural infection, pleural 
empyema, pathogens, antibiotics, and bacterial 
resistance. 
 

RESULTS 

Based on the analysis of the medical records, it 
was found that the average age of the patients was 
58 years (ranging from 31 to 77 years), with a 
predominance of male patients (41 males and 9 
females). The duration of hospitalization ranged 
from 4 to 35 days, with an average of 12 days, and 
8 patients required transfer to other wards, in-
cluding intensive care. The causes of pleural em-
pyema included pneumonia (29 cases), chest 
trauma (7 cases), pulmonary gangrene (4 cases), 
post-surgical infection (4 cases), lung abscess (2 
cases), healthcare-associated empyema (2 cases), 
mesothelioma (1 case), and sepsis (1 case). The 
study was retrospective, and as a result, the data 
from observation records were not sufficient to 
differentiate between hospital-acquired and com-
munity-acquired etiologies.  

The bacteriological examination of pleural fluid 
was conducted in all patients included in the 
study to identify the pathogen and antibacterial 
susceptibility. Our results indicate that bacterial 
growth  was  present  in  the  pleural  fluid  in  only  
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28 cases (56%). Among these, a single pathogen 
was identified in 23 cases (82.2%), while the eti-
ology was polymicrobial in 5 cases (17.8%). 
Gram-positive flora (including Staphylococcus au-
reus-5, Staphylococcus hominis-1, Staphylococcus 
epidermidis-1, Actinomyces odontolyticus-1) was 
identified in 8 patients, and gram-negative flora 
(including Pseudomonas aeruginosa-8, Acineto-
bacter-1, Klebsiella pneumoniae-2, Enterobacter-1, 
Serratia marcescens-1, Corrynebacterium-1, Pro-
teus mirabilis-1) was found in 15 patients. The 
predominance of gram-negative agents and 
Staphylococcus aureus suggests that the patho-
genic flora of the pleural infection was most likely 
acquired in a hospital setting. 

The analysis of bacterial susceptibility results to 
antibacterial preparations revealed a high re-
sistance of the identified agents. Specifically, 
Staphylococcus aureus MRSA was found to be pan-
drug-resistant, Pseudomonas aeruginosa exhib-
ited polyresistance, with sensitivity only to col-
istin or amikacin, Enterococcus faecium showed 
sensitivity to vancomycin, and Corrynebacterium 
was sensitive to linezolid. 

Antibacterial treatment was administered to 45 
patients, with 17 receiving a single antimicrobial 
preparation and 28 receiving a combination of 
two or more antibacterials. Among these patients, 
bacterial growth was not observed in the pleural 
fluid of 3 individuals, and following surgery, their 
clinical condition improved, leading to a recom-
mendation for continued antibacterial treatment 
at home. In 2 patients with detected pathogenic 
flora, no antibacterials were prescribed as the 
condition improved after pleural cavity drainage. 
The results of the bacteriological examination of 
pleural fluid prompted a modification of the drug 
regimen. The absence of bacterial growth in the 
pleural fluid may be attributed to the adminis-
tered antibacterial treatment or to the presence 
of anaerobic agents, the identification of which is 
challenging using standard tests. Considering the 
advantageous nature of anaerobic infection 
growth in pleural fluid, the use of an antibacterial 
drug with a spectrum of action against anaerobic 
agents is essential. The study identified the use of 
metronidazole, meropenem, cefoperazone, 
ceftazidime, and piperacillin as monotherapy or 
combination therapy, providing coverage against 
anaerobic agents in 29 cases. 

Based on the analysis of the prescription records,  

the following medications were prescribed to pa-
tients with pleural empyema: beta-lactams (49); 
fluoroquinolones (9); aminoglycosides (11); pol-
ymyxins (4); macrolides (2); glycopeptides (1); 
and nitroimidazole derivatives (12). Among the 
beta-lactams, penicillins with beta-lactamase in-
hibitors were used in 16 cases (amoxicil-
lin+clavulanic acid-9, piperacillin+tazobactam-7), 
second-generation cephalosporins (cefuroxime-
4), and third-generation cephalosporins alone 
(ceftriaxone-4, cefotaxime-5) or in combination 
with beta-lactamase inhibitors (cefopera-
zone+sulbactam-14, ceftazidime+avibactam-5), 
as well as carbapenems (meropenem-3). Fluoro-
quinolones such as ciprofloxacin (7), levofloxacin 
(1), and moxifloxacin (1) were also used. Addi-
tionally, aminoglycosides like gentamicin (4) and 
amikacin (7), polymyxins specifically colistin (4), 
macrolides such as azithromycin (2), glycopep-
tides like vancomycin (1), and nitroimidazole de-
rivatives like metronidazole (12) were pre-
scribed. 

In our study, the third generation of cephalospor-
ins was the most frequently used beta-lactams 
(56% of cases). Their broad spectrum of action, 
which covers aerobic gram-positive, gram-nega-
tive (including anti-pseudomonas preparations 
such as cefoperazone and ceftazidime), and an-
aerobic bacteria, allows for effective coverage of 
the pathogenic flora commonly associated with 
pleural infections. Penicillins with beta-lactamase 
inhibitors were used in 15 cases either as mono-
therapy or in combination with other antibacteri-
als. Amoxicillin+clavulanic acid, with its broad 
spectrum of action against predominantly aerobic 
bacteria, was frequently administered concomi-
tantly with metronidazole to provide anti-anaer-
obic action. Patients showed negative bacterio-
logical results, and the average duration of intra-
venous administration was 7 days. Piperacil-
lin+tazobactam was used in 7 patients, either 
alone or in combination, for its anti-pseudomonas 
action as well as its anaerobic spectrum. An im-
portant issue is the increased resistance of Pseu-
domonas aeruginosa, Enterobacteriaceae, Aci-
netobacter spp, and Klebsiella spp, as detected in 
the bacteriological examination of pleural fluid in 
patients treated with beta-lactam antibiotics. 
Combining them with beta-lactamase inhibitors 
extends their spectrum and increases efficacy. 
Meropenem, with its ultra broad spectrum of  ac-
tion against both gram-positive and  gram-negati-
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ve aerobic and anaerobic bacteria, can therefore 
be used in polymicrobial pleural infections. 

According to the results of the bacteriological ex-
amination of pleural fluid, aminoglycoside-sensi-
tive pathogens were identified, including Staphy-
lococcus hominis, Staphylococcus epidermidis, 
Pseudomonas aeruginosa, and Klebsiella pneu-
moniae, leading to the intravenous use of gen-
tamicin or amikacin in 13 patients diagnosed with 
pyothorax. Gentamicin and particularly amikacin 
demonstrate activity against gram-negative aero-
bic flora and less activity against gram-positive 
flora, although this may be enhanced when com-
bined with beta-lactams. Amikacin is considered 
to be an aminoglycoside with higher efficacy 
against Pseudomonas aeruginosa, attributed to 
its resistance to enzymes produced by microbes. 

Vancomycin was administered in combination 
with amoxicillin/clavulanic acid to a patient 
whose pleural fluid showed growth of both Enter-
ococcus faecalis (susceptible to amoxicillin/clavu-
lanic acid, ampicillin, nitrofurantoin, ofloxacin, 
piperacillin/tazobactam, and vancomycin) and 
Enterococcus faecium (susceptible to linezolid, ni-
trofurantoin, and vancomycin). Creatinine values 
were monitored during treatment and showed in-
significant variations. The patient was discharged 
with clinical improvement and recommended in-
ternal administration of ampicillin 500 mg twice 
daily (sources recommend administration every 
6 hours-4 times daily). 

Colistin was administered to 2 patients with 
polymicrobial pyothorax (P. aeruginosa with Aci-
netobacter and P. aeruginosa, K. pneumoniae, P. 
mirabilis, S. saprophyticus) and to 2 patients with 
P. aeruginosa in pleural fluid, susceptible to col-
istin. The disease progression in these patients 
was severe, requiring an average hospitalization 
period of 30 days, repeated surgical interventions 
for diagnostic and therapeutic purposes, and 
stays in 2 or 3 hospital wards during their hospi-
talization. Combined antibacterial therapies were 
ineffective, and colistin administration was the fi-
nal treatment option. One patient received both 
inhaled and intravenous administration. The op-
timal dosing regimen is the administration of 9 
million units per day, considering the severity of 
the pleural pathology. 

Due to the diversity of causative pathogens and 
the presence of mixed flora (aerobic, anaerobic, 
fungal) in the treatment of pyothorax, it is recom 

mended to administer antibiotics with a spectrum 
of action against anaerobic agents, such as metro-
nidazole. Metronidazole-resistant anaerobic bac-
teria (Actinomyces odontolyticus) and faculta-
tively anaerobic bacteria (Proteus mirabilis, Ser-
ratia marcescens), which are not covered by the 
spectrum of action of metronidazole, were identi-
fied in the study. The dosing regimen, to ensure 
efficacy, involves administration of 500 mg inter-
nally or intravenously every 8 hours. In the study, 
metronidazole was administered intravenously 
in 10 cases, with a 100 ml of 5% solution twice 
daily, and internally in 2 cases, with 500 mg ad-
ministered twice daily at 12-hour intervals. 
 

DISCUSSIONS  

The agents of community-acquired pleural infec-
tion included Streptococcus viridans, Streptococ-
cus pneumoniae, methicillin-sensitive Staphylo-
coccus aureus (MSSA), Enterobacteriaceae, 
Klebsiella, and Pseudomonas. Hospital-acquired 
infections involved methicillin-resistant Staphy-
lococcus aureus (MRSA), Enterobacteriaceae, En-
terococcus, Streptococcus viridans, Pseudomonas , 
and Klebsiella. Additionally, atypical flora (Myco-
plasma spp., Legionella spp.) and fungal flora 
(Candida, Aspergillus) were rarely found, espe-
cially in immunocompromised patients. Anaero-
bic infections, which are difficult to detect, were 
thought to accompany pleural infection in about 
25% of cases (1-5). 

Pleural infection caused by resistant pathogens 
was found in 37% of isolates from community-ac-
quired infections and 77% of isolates from hospi-
tal-acquired infections, which were resistant to at 
least one of the prescribed antibiotics for respira-
tory infections. The high rate of resistant bacteria 
limits therapeutic options, and in vitro suscepti-
bility of pathogens does not always correlate with 
the therapeutic efficacy of antibacterials, given 
the importance of pharmacokinetic features (1, 
2). 

Prompt initiation of antimicrobial therapy is cru-
cial for the treatment of pleural infection. The ini-
tial selection of antibacterials is empirical, based 
on the etiology of the pathology (community-ac-
quired, hospital-acquired), the patient's condi-
tion, and clinical manifestations (2, 6). 

For the selection of antibacterial therapy in a pa-
tient with pleural empyema, it is necessary to 
evaluate   patien  t -dependent   factors  ,  pathology- 
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dependent factors, and the characteristics of the 
drug, which may influence the disease's progres-
sion and response to treatment. Among patient-
dependent factors, it is essential to consider age, 
comorbidities, previous antibacterial treatment, 
and so on. Among pleural pathology-dependent 
factors, the stage of empyema, pleural effusion 
size, pleural thickening, degree of pleural inflam-
mation, and duration of symptom onset to hospi-
tal admission are important. Significant charac-
teristics of the antimicrobial preparation include 
its spectrum and mechanism of action, dose- and 
time-dependent antibacterial effect, duration of 
action and dosing regimen, pharmacokinetic 
properties, ability to penetrate pleural fluid, avail-
ability of parenteral and enteral forms, and ad-
verse reactions (4). 

In pleural infections, pleural effusions can rapidly 
progress from uncomplicated parapneumonic ef-
fusions to empyema. During the exudative stage 
of empyema, pleural fluid accumulates due to in-
creased permeability of the visceral pleura. As the 
infection progresses, fibrin accumulation on the 
pleural membranes leads to pleural thickening 
and septum formation. When pyothorax devel-
ops, the pleural fluid becomes more acidic and pu-
rulent due to inflammation, and there is an in-
creased flow of protein into the pleural space. 
Consequently, the penetration of antibiotics may 
be difficult due to the thickened pleura, with pleu-
ral fluid characteristics varying depending on the 
stage of pleural empyema. Mesothelial cells, 
which line the pleural cavity, play a crucial role in 
the filtration of pleural fluid, as it results from dif-
ferences in hydrostatic and colloid-osmotic pres-
sure between the pleural fluid and capillary 
blood. Furthermore, it has been suggested that 
mesothelial cells have the ability to reabsorb an-
tibiotics (6, 7). 

Cephalosporins are commonly prescribed and ad-
ministered as first-line therapy for respiratory, 
urinary, and CNS infections, spanning from mild 
to severe, due to their broad spectrum of action, 
bactericidal effect, and low risk of adverse reac-
tions. However, widespread use has led to the de-
velopment of resistance to these drugs. The mi-
croorganisms mainly involved in conferring re-
sistance to this antibiotic can be identified by the 
acronym ESCKAPE, which stands for Enterococcus 
faecium, Staphylococcus aureus, Clostridium dif-
ficile, Klebsiella pneumoniae, Acinetobacter bau-
manii, Pseudomonas aeruginosa, and Enterobacte 

riaceae. The rapid emergence of this resistance 
poses a serious threat to the continuous relevance 
of the antibiotic (8). 

First-generation fluoroquinolones (such as 
ciprofloxacin) exhibit greater activity against 
gram-negative flora and moderate activity 
against atypical agents and gram-positive cocci. 
They also possess advantageous pharmacokinetic 
properties, allowing for effective penetration into 
body fluids and tissues, and maintenance of bac-
tericidal concentrations for 12-24 hours. Moxi-
floxacin, on the other hand, demonstrates activity 
against both Gram-positive and Gram-negative 
bacilli, including anaerobes. In both animal and 
human studies, moxifloxacin has shown favorable 
pleural penetration and could be considered as a 
de-escalation option, particularly for internal ad-
ministration (3, 9). 

Polymyxins demonstrate significant activity 
against aerobic Gram-negative bacteria, including 
most pathogens of the Enterobacteriaceae family, 
such as E. coli, Enterobacter, Klebsiella, Citrobac-
ter, Salmonella, and Shigella. They are also effec-
tive against common Gram-negative non-fer-
mentative pathogens, including Pseudomonas ae-
ruginosa and Acinetobacter baumannii. Gram-
negative bacteria that are naturally resistant to 
polymyxins include Pseudomonas mallei, Morga-
nella morganii, Vibrio cholerae, Serratia mar-
cescens, Proteus spp., Providencia spp., Burkhold-
eria cepacia, Chromobacterium spp., Edwardsiella 
spp., Legionella, Brucella, and Campylobacter. Pol-
ymyxins are not active against gram-negative 
cocci (Neisseria spp.), Gram-positive and anaero-
bic bacteria, parasites, or fungi. Orally adminis-
tered polymyxins are used only for disinfection of 
the digestive tract due to poor absorption when 
taken internally. Additionally, polymyxins do not 
efficiently diffuse into tissues or penetrate the 
cerebrospinal fluid, pleural and peritoneal cavi-
ties. However, they are used systemically by in-
travenous administration for serious infections 
caused by pathogens resistant to other therapies. 
Carbapenem-resistant Enterobacteriaceae, Pseu-
domonas aeruginosa, and multidrug-resistant or 
pan-drug-resistant Acinetobacter baumannii pose 
major problems for antimicrobial therapy due to 
extremely limited treatment options. Polymyxins, 
along with fosfomycin, ceftazidime/avibactam, 
and the recently approved meropenem-vabor-
bactam, are among the last-resort antibiotics that 
are still effective against such pathogens (10, 11). 
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Along with aminoglycosides, polymyxins can be 
administered by inhalation. In ICU patients, pneu-
monia caused by carbapenem-resistant gram-
negative bacteria is a frequent and serious com-
plication. When treating lower respiratory tract 
infections, the pulmonary penetration of antimi-
crobials is considered an important factor that 
can affect their efficacy. For patients with pneu-
monia caused by multidrug-resistant bacteria, the 
intravenous administration of colistin combined 
with nebulized inhalation is more effective than 
intravenous infusion alone. However, the utility 
of polymyxins is currently facing increasing re-
sistance worldwide, mainly due to the plasmid-
encoded colistin resistance gene present in path-
ogens such as Escherichia coli and Klebsiella pneu-
moniae (10, 11). 

Macrolides, including azithromycin, may be rec-
ommended for coverage of atypical microorgan-
isms. They have a minor role in the etiology of 
pleural empyema, which is why they are rarely 
recommended as empirical therapy (4). 

In community-acquired pleural infection, antibi-
otic regimens typically include either parenteral 
second or third-generation cephalosporins (e.g., 
ceftriaxone) combined with metronidazole for 
anaerobic coverage, or a β-lactam/β-lactamase 
inhibitor combination (e.g., amoxicillin-clavulanic 
acid) in monotherapy. For patients with penicillin 
allergy, moxifloxacin used alone or a combination 
of levofloxacin and metronidazole are optimal 
therapeutic alternatives. In hospital-acquired 
pleural infection, antipseudomonal and anti-an-
aerobic antibiotics are required. Appropriate 
combinations include cefepime-metronidazole, 
piperacillin-tazobactam, or carbapenem. Addi-
tionally, coverage of S. aureus with vancomycin or 
linezolid should be considered (12, 13).  

The therapeutic efficacy of antibacterials admin-
istered to patients with pleural empyema is deter-
mined by their ability to penetrate the pleural 
space and provide a concentration that reaches or 
exceeds the minimum inhibitory concentration 
(MIC) at the site of infection. Penetration of anti-
biotics into the lung follows various mechanisms, 
such as passive diffusion (beta-lactams), permea-
tion (macrolides), and active transport (quin-
olones, clindamycin). The differences in these 
mechanisms lead to variations in antimicrobial 
concentration between pulmonary sites and se-
rum. For example, aminoglycosides are hydro-

philic, so they can enter cells very slowly via en-
docytosis and accumulate almost entirely in lyso-
somes. Macrolides enter the lungs through mem-
brane penetration, and the rate is limited by the 
degree of lipid solubility. Quinolones and clinda-
mycin penetrate cell membranes by active, en-
ergy-dependent transport and therefore can be 
saturated, leading to differences between serum 
and tissue levels. Another important pharmacoki-
netic parameter is the ability of antibiotics to pen-
etrate pleural fluid. Studies recommend the use of 
beta-lactams in the treatment of pleural empy-
ema, demonstrating efficacy due to high penetra-
tion into pleural fluid (1, 3, 4, 14, 15). 

It has been suggested that antibiotic levels in 
pleural fluid are lower than those in serum in pa-
tients with empyema, due to the lower permeabil-
ity of the thickened pleura and the more acidic lo-
cal environment. However, during acute infection 
characterized by inflammation, vasodilation, 
edema, and increased membrane permeability, 
the penetration of antimicrobial agents may be 
enhanced. In this context, for the assessment of 
antibiotic penetration into the pleural space, spe-
cial and careful consideration should be given to 
the underlying pathophysiology and mechanisms 
of fluid formation. In empyema, during the exuda-
tive stage, pleural fluid accumulates in the pleural 
space due to inflammation and increased perme-
ability of the visceral pleura. Progression of infec-
tion, bacterial invasion of the pleural space, fibrin 
deposition on pleural membranes, and the for-
mation of septations cause thickening of the 
pleura and loss of elasticity. Regarding malignant 
effusions, an exudate predominantly forms due to 
the deregulation of pleural space drainage caused 
by the obstruction of blood and lymphatic vessels 
in the lungs and pleura. These features would de-
termine the penetration of antimicrobial agents 
into the pleural fluid depending on the etiology 
and pathophysiological mechanisms. Based on 
the reported results, it was concluded that there 
is very little difference between chemically differ-
ent antimicrobial agents in their degree of pleural 
penetration (16).  

Most antibiotics exhibit good lung penetration. 
Blood concentrations of ampicillin and penicillin 
G were higher than those in lung sites. The pulmo-
nary and blood concentration ratios of orally and 
intravenously administered amoxicillin and cefo-
taxime were greater than 1 at 5-6 hours after the 
last dose. Oral administration or intravenous in 
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fusion of linezolid and levofloxacin resulted in 
higher concentrations in pleural fluid than in se-
rum. The higher concentration of the drug at the 
sites of infection compared to that in the blood 
may be associated with changes arising from the 
inflammatory process. Inflammatory conditions 
cause vasodilation of capillaries and loss of selec-
tivity of penetration of large molecules through 
membrane cells. Increased membrane permeabil-
ity facilitates the ability of antibiotics to penetrate 
the lung. The degree of expression of inflamma-
tion and the stage of empyema may influence lung 
penetration capacity, as demonstrated by the use 
of β-lactams, clindamycin, oleandomycin, and 
erythromycin. Lung penetration decreases with a 
reduction in the expression of the inflammatory 
process (14). 

In pharmacokinetic studies, the penetration of an-
tibiotics into the pleura is assessed by calculating 
the ratio of the total area under the curve (AUC) 
for the concentration of a given antibiotic in the 
pleural fluid to the serum concentration. In an ex-
perimental pleural empyema model in animals, 
penicillin exhibited the highest pleural fluid to se-
rum AUC ratio (AUCLP/S), followed by metroni-
dazole, ceftriaxone, and clindamycin. Most stud-
ies have indicated that aminoglycosides have 
poor pleural penetration and are inactivated by 
the acidic environment of the infected pleural 
space. Gentamicin had the lowest ratio in this 
study. Therefore, due to the low pleural penetra-
tion and the tendency of aminoglycosides to be in-
activated in the acidic environment of the infected 
pleural space, this group is not recommended for 
the management of pleural infections. In a study 
of humans with parapneumonic effusions, ceftri-
axone concentration remained above the mini-
mum inhibitory concentration level for most sus-
ceptible organisms for 53 hours after a single par-
enteral dose. In patients with Staphylococcus au-
reus MRSA mediastinitis given linezolid, the drug 
had an AUCLP/S of 1.64, suggesting that it is a ra-
tional therapeutic option in resistant pleural in-
fections (2, 4, 5, 13). 

Fluoroquinolones, antimicrobial preparations 
with a large volume of distribution, exhibit exten-
sive tissue penetration. The respiratory fluoro-
quinolones, moxifloxacin or levofloxacin, are rec-
ommended as initial empirical antibiotic therapy 
for patients with respiratory infections, including 
pleural effusion, due to their high activity against 
gram-positive and gram-negative bacteria, in-

cluding anaerobes. Several studies have investi-
gated ciprofloxacin penetration into pleural fluid. 
Analysis of the structure of moxifloxacin, specifi-
cally the absence of the piperazinyl ring, revealed 
that the antimicrobial activity is not affected by 
acidic conditions. Thus, novel fluoroquinolones, 
including moxifloxacin, may be an attractive 
treatment option for pleural infections. The study 
determined inter-individual variability in moxi-
floxacin pharmacokinetics due to patient condi-
tion, concomitant drug administration, and com-
petition for the same metabolic pathways. Exami-
nation of similar pharmacokinetic parameters 
(Cmax, AUC) confirmed moxifloxacin's ability to 
penetrate tissue compartments independent of 
the degree of inflammation or pH reduction. 
Therefore, the empirical use of moxifloxacin in 
the treatment of parapneumonic effusion and em-
pyema is supported by its sufficient penetration 
into the pleural space and a favorable pharmaco-
kinetic profile, regardless of the origin of pleural 
fluid (15). 

There are few reports describing vancomycin 
penetration into the pleural cavity, and the avail-
able data are inconclusive. In pleural empyema, 
the parietal pleura, which consists of the meso-
thelial cells lining the pleural cavity, may already 
be thickened, and the minimum inhibitory con-
centration (MIC) of vancomycin may not be suffi-
cient for a bactericidal effect. However, other 
studies report the efficacy of vancomycin admin-
istration in patients with pleural empyema 
caused by sensitive gram-positive bacteria. In 
some countries, increasing cases of resistance 
have been observed, especially in enterococci, in-
cluding multiresistant strains of Enterococcus fae-
cium (7). 

An important clinical issue is the duration of anti-
bacterial treatment. The duration of antimicrobial 
therapy in pleural infection is an area lacking in 
evidence and is largely based on expert opinion 
and extrapolation from recommendations for the 
treatment of lung abscess. The recommended du-
ration ranges from 2 to 6 weeks, and the authors 
suggest a minimum of 4 weeks (including both in-
travenous and oral treatment). Discontinuation of 
treatment (less than 2 weeks) increases the risk 
of recurrence. However, the duration should be 
guided by the response to therapy, improvement 
in clinical symptoms, positive dynamics and/or 
radiographic resolution, and improvement in la-
boratory markers of infection (2-4, 6, 13).  
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Another issue that needs to be assessed is the op-
timal time to switch from intravenous to oral an-
tibiotics or to perform de-escalation therapy 
(stepwise). This could be done in the context of 
analyzing the clinical response and biochemical 
parameters and could coincide with the time of 
chest tube removal. Current guidelines recom-
mend switching from intravenous to oral antibi-
otics when there has been clinical improvement 

with normal body temperature, resolution of in-
flammation, and radiological improvement. A ret-
rospective study showed that 3 weeks of antimi-
crobial therapy was usually adequate to prevent 
treatment failure. Treatment options with intra-
pleural enzyme therapies and surgery could serve 
as additional arguments for reducing the duration 
of antibiotic regimens (5, 13).

 

CONCLUSIONS 

1. In patients with pleural empyema, gram-negative pathogens, commonly associated with hospital-
acquired infections, were detected. Most of the bacterial isolates exhibited a high level of resistance 
to commonly prescribed empirical therapies. 

2. Antibacterial preparations (beta-lactams, fluoroquinolones, polymyxins, glycopeptides, nitroimid-
azole derivatives) were carefully selected, taking into account their beneficial pharmacokinetic 
properties for penetration into pleural fluid and their activity against anaerobic flora. 

3. The dosing regimen needs to be reviewed based on pharmacokinetic properties and the ability to 
penetrate the pleural space for patients with pleural infection. 
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Introduction. During the implementation of the Informational Record of Biospecimens within 
the Biobank project, the Register of Informational Record of Biospecimens within the Biobank 
software was developed and implemented.  
Material and methods. A narrative synthesis on the informational aspect of bio-specimens 
within the Biobank at the international level was conducted. Sources were searched in public 
databases, and after identification and deduplication, 34 relevant sources were selected, out 
of which 15 were comprehensively analyzed. The Register of Informational Record of Biospec-
imens within the Biobank software fully captures the flow of information within the Biobank 
at the Nicolae Testemitanu State University of Medicine and Pharmacy and serves as a tool for 
managing the biospecimens stored in the Biobank. It offers various capabilities to ensure di-
verse and representative data regarding potential donors of biospecimens.  
Results. The software enables rapid processing of biospecimens and their associated data, en-
suring traceability with extensive management capabilities for diverse types of biospecimens 
at all stages throughout the Biobank circuit. The relevance of this data facilitates the improve-
ment and acceleration of research and decision-making in the field of health, to the benefit of 
the donors. The software allows for the rapid registration and processing of biospecimens from 
donors in various research studies, adhering to the principles of research ethics and ensuring 
the anonymity of donors’ personal data, as well as the biospecimen data and associated infor-
mation.  
Conclusions. The Register of Informational Record of Biospecimens within the Biobank soft-
ware is relevant for initiating scientific research. Potential beneficiaries, including scientific 
researchers, collaborators in scientific laboratories, and the academic staff at Nicolae Testem-
itanu State University of Medicine and Pharmacy, will benefit from comprehensive informa-
tional support for biospecimen records within the Biobank and have opportunities to stream-
line research activities. 
 

Cuvinte-cheie: bios-
pecimene, biobancă, 
cercerare, bază de 
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CONCEPTUL SISTEMULUI INFORMAȚIONAL AL BIOBĂNCII UNIVERSITĂȚII DE STAT 
DE MEDICINĂ ŞI FARMACIE „NICOLAE TESTEMIȚANU” DIN REPUBLICA MOLDOVA  
Introducere. În perioada realizării proiectului „Evidența informațională a biospecimenelor 
din cadrul Biobăncii” s-a elaborat și implementat softul „Registrul de evidență informațională 
a bio-specimenelor din cadrul Biobăncii”.  
Material și metode. Softul „Registrul de evidență informațională a biospecimenelor din ca-
drul Biobăncii” reflectă pe deplin mișcarea fluxului informațional din cadrul Biobăncii USMF 
„Nicolae Testemițanu” și servește ca instrument de gestionare a biospecimenelor stocate în 
Biobancă și are o serie de posibilități pentru a asigura date diversificate și reprezentative pri-
vind potențialii donatori de biospecimene.  
Rezultate. Softul permite prelucrarea rapidă a biospecimenelor și a datelor asociate acestora, 
și asigură trasabilitatea cu posibilități vaste de gestionare a biospecimenelor de natură dife-
rită la toate etapele circuitului în Biobancă. Relevanța acestor date facilitează îmbunătățirea 
și accelerarea cercetării și luării de decizii în domeniul sănătății în beneficiul donatorilor. Sof-
tul permite înregistrarea și prelucrarea rapidă a biospecimenelor de la donatori în diverse 
studii de cercetare, respectând principiile eticii cercetării, și asigură anonimatul datelor per-
sonale ale donatorilor, precum și a datelor biospecimenelor și a informațiilor adiacente aces-
tora.  
Concluzii. Software-ul „Registrul informațional al biospecimenelor din cadrul Biobăncii” este 
relevant în inițierea cercetării științifice. Beneficiari potențiali, cercetători științifici, colabo-
ratori ai laboratoarelor științifice și personalul didactico-științific al USMF „Nicolae Testemit-
sanu”, vor beneficia de un suport informaţional cuprinzător pentru evidenţa biospecimenelor 
din cadrul Biobăncii şi vor avea posibilităţi de eficientizare a activităţii de cercetare.   
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INTRODUCTION 

In the Republic of Moldova, the ongoing develop-
ment of activities in the field of the human ge-
nome, technological innovations in cell pro-
cessing, genetic research to study and describe 
the connections between genes, the physical and 
social environment, and people's lifestyles has led 
to the establishment of the national Biobank 
within the Nicolae Testemitanu State University of 
Medicine and Pharmacy (SMUPh), Republic of 
Moldova. Given the various types of Biobanks, it is 
essential to define the objectives of the Biobank at 
the outset of its formation. 

The establishment of the Biobank requires ac-
creditation and strict compliance with current 
quality standards. The Biobank at Nicolae Testem-
itanu SUMPh contains organized collections, stor-
ing human biological samples and associated data 
that are of great importance for research and per-
sonalized medicine. In other words, the Biobank 
serves as a repository of biological materials (bi-
ospecimens). 

The purpose of the Biobank is to conduct the col-
lection, reception, encoding/decoding, pro-
cessing, storage, preservation, freezing, thawing, 
distribution, and/or destruction of biospecimens 
collected from patients involved in various re-
search studies, along with their associated data, in 
order to support scientific investigations. 

The individuals participating in the studies are as-
sured of anonymity regarding their personal data 
after signing the consent form. Subsequently, 
samples are taken for the necessary biomaterial. 
The collected data are used exclusively for scien-
tific and research purposes. During the bio-
material sampling and processing, personal data 
anonymization methods are employed, adhering 
to the limits established by the Personal Data Se-
curity Policy and the legal norms outlined in Law 
no. 133 of July 8, 2011, concerning the protection 
of personal data, as well as Law no. 71 of March 
22, 2007, regarding registers. Ethical concerns 
surrounding biospecimens and the involvement 
of a number of people (operators) require special 
attention in information processing, with the in-
corporation of technological means. These factors 
constitute the critical components of the Biobank, 
with efforts made to ensure efficiency and safety 
in this aspect. 
 

MATERIAL AND METHODS 

A narrative synthesis was conducted on the infor- 

mational subject of biospecimens within the Bi-
obank at the international level. Simultaneously, 
data were systematized to fully reflect the move-
ment of the information flow within the Nicolae 
Testemitanu SUMPh Biobank. Information 
sources were searched in PubMed, Google 
Scholar, and Hinari databases. The search strate-
gies involved using keywords such as “biospeci-
mens,” “biobank,” “database,” “donors,” and 
“data.” The inclusion criteria for publications 
were articles published between January 2015 
and January 2024. These publications were iden-
tified in databases such as Google Scholar, Pub-
Med, HINARI, etc. After removing duplicate rec-
ords and screening abstracts, 54 scientific 
sources were selected, of which 15 articles were 
fully reviewed.  

The Biobank at Nicolae Testemitanu SUMPh fea-
tures a specialized laboratory (scientific center) 
that enables the research, collection, processing, 
and storage of biospecimens obtained as a result 
of research projects. These biospecimens can be 
utilized in clinical trials or in prospective or ret-
rospective studies (1). The increasing demand for 
tissues for translational studies is leading to a rise 
in the number of Biobanks (2). 
 
RESULTS 

The purpose of biobanks. To standardize the ac-
tivities of the Biobank, it is necessary to imple-
ment standard operating procedures in all as-
pects, from acquisition, shipment, storage, and 
destruction to the safety of biospecimens (3). 
However, the development of these Biobank prac-
tices involves specialists to address potential eth-
ical, legal, and social issues (4). The expanding 
field of biotechnology, which requires the estab-
lishment of an information system to monitor the 
collected biospecimens, highlights the increasing 
importance of financial support for Biobanks (5). 

Biobanks serve as collections of biospecimens, 
which can later be used to elucidate medical diag-
noses and personalized treatments (6). With this 
in mind, aliquoting will allow the use of biospeci-
mens for both clinical and research purposes (7). 
To achieve this objective, the Biobank at Nicolae 
Testemitanu SUMPh collects, stores, and pro-
cesses human biological materials, ensuring secu-
rity in the collection of biospecimens intended for 
research or their use to guarantee a high level of  
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protection and promotion of human health. Vari-
ous standard operating procedures and best prac-
tice protocols for biobanks are available, and the 
determination of which to use often depends on 
the specific needs of the clinic or study being con-
ducted. The Best Practices for Operating Proce-
dures, published by the Biospecimen Research 
Branch (NCI BBRB), can be accessed online (8). 

Within the Biobank at Nicolae Testemitanu 
SUMPh, internationally standardized procedures, 
adjusted to the current legislation, have been im-
plemented to assist researchers in making clinical 
decisions. 

Screening the donor population can elucidate the 
specific alleles underlying a unique disease phe-
notype. By conducting such studies, it becomes 
possible to evaluate the environmental effects 
alongside the genetic ones, studying both 
monozygotic and dizygotic twins. This prospec-
tive approach can be employed in preventive 
medical programs and epidemiological studies 
(9). 

The efficient management of biospecimens in the 
Biobank requires prompt and accurate collection, 
proper storage, and the recording of related infor-
mation in an electronic system.  

The information system allows for the accumula-
tion and analysis of information related to bio-
specimens, including their storage in the Biobank 
and the monitoring of the flow of biospecimens 
from donors in various research studies. It en-
sures traceability with vast possibilities for man-
aging biospecimens of different natures at all 
stages in the Biobank circuit. 

The software contributes to the effectiveness and 
efficiency of personalized medicine processes, en-
suring the qualitative management of infor-
mation about research subjects. It serves as a 
strategic tool for the competitive clinical manage-
ment of health services. 

The information received from the medical insti-
tutions participating in the research projects is 
stored in the biospecimen record system using a 
standardized recording form. The data transmis-
sion procedure is outlined in a standardized in-
struction. The form encompasses primary patient 
data from various research studies, including 
passport information, epidemiological data, clini-
cal details, paraclinical data, and more. These de-
tails are then presented to the operator responsi-
ble for records within the Biobank. 

The Biobank operator accumulates and stores 
data in the Register of Informational Record of Bi-
ospecimens within the Biobank software, devel-
oped as part of the Informational Record of Bio-
specimens within the Biobank project, number 
21.70086.37ȘD. 

Collecting pertinent data on researched patients 
enables the assessment of management potential, 
efficiency options, and effectiveness in enhancing 
patients’ quality of life while minimizing the im-
pact on the health system. 

Following the processing of all the data obtained 
at the Biobank level, information is obtained 
about the patients included in the research, with 
the elaboration of reports on the state of health 
regarding various medical conditions as well as 
their genealogy. 

Donors' personal data, including biomaterial cod-
ing, are accessible to a limited number of people. 
Confidentiality regarding their identity and back-
ground is maintained throughout and after the 
completion of their studies. 

Software requirements. Accreditation of a Bi-
obank ensures that the laboratory (scientific cen-
ter) controls and optimizes the use of biospeci-
mens in accordance with good professional prac-
tice, as defined by internationally established 
standards. Accreditation requirements include 
the implementation of an operational quality 
management system and continuous control of 
the methods used for diagnostic purposes (10). 
Consequently, the Biobank is recognized for 
maintaining high-quality processes that produce 
reliable results. The accreditation process pro-
vides the Biobank with acknowledgment by en-
suring consistency and standardization of prac-
tices. 

Clinical research involving the Biobank requires 
approval from the Medical Ethics Committee (11). 
The cornerstone of bioethics is informed consent, 
which mandates providing patients and/or sub-
jects with an overview of the study, a discussion 
of the protocol specifics, and disclosure of poten-
tial benefits and risks. 

Equally important to a Biobank’s role in acquiring 
and processing biospecimens is the management 
of clinical and research data relevant to each of 
those biospecimens. The Nicolae Testemitanu 
SUMPh Biobank’s information record software 
has important capabilities that are recommended 
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in the practice guidelines and provides a secure 
environment that protects the data, includes a 
unique and unchangeable identifier for all biolog-
ical samples, and the ability to continuously mon-
itor the location and status of the evidence. The 
software system, with its implemented encryp-
tion component, operates 24/7, has a resilient in-
frastructure, and can effectively handle disasters 
and downtime. Moreover, it has the capability to 
recover stored data from regular backups using 
hard drives, external hard drives, USB sticks, and 
other portable memories, all properly encrypted 
to meet the latest information technology stand-
ards. 

The biospecimen information record software 
within the Biobank satisfies the complete struc-
ture of the medical information of donors’ sam-
ples. This adherence is in accordance with the 
sample collection form developed by the work 
team and provided to the Biobank at Nicolae 
Testemitanu SUMPh. It fully meets the needs for 
storage, processing, and validation of the ob-
tained data. The software encompasses instru-
ments enabling the accumulation and storage of 
information about the collected samples in the Bi-
obank. It includes processing elements for pri-
mary donor data, diagnostic data, bio-specimen 
type, and more. It allows access to information 
about biospecimen donors from medical institu-
tions, both separately by institution and in full, in-
cluding donor data. The software facilitates the 
storage of sample information about donors 
through the software component created for the 
Nicolae Testemitanu SUMPh Biobank, which owns 
the database. Moreover, it grants access to collab-
orators at Nicolae Testemitanu SUMPh who are 
authorized to work with the IT system in ques-
tion. The software enables the processing and 
analysis of results, such as the selection of sam-
ples based on criteria like nosology and those re-
lated to a specific period, on an institutional level. 
Additionally, it offers the capability to create re-
ports through graphical representation and the 
use of statistical formulas. It is equipped with 
functionalities to analyze correlations between 
the data stored in the software from all medical 
institutions as a whole. 

The software is equipped with interactive subsys-
tems tailored to facilitate the tasks of operators. 
One group of operators focuses on collecting in-
formation from various medical institutions, 

while another operator, situated within the Bi-
obank at Nicolae Testemitanu SUMPh, processes 
the gathered data. Hence, the software, referred 
to as the Register of Informational Record of Bio-
specimens within the Biobank, is organized into 
modules, each comprising two primary compo-
nents. The first component is designed to input in-
formation about donors and the details acquired 
during the collection of their samples from medi-
cal institutions. The second component is inte-
grated within the Biobank at Nicolae Testemitanu 
SUMPh, and its role is to manage the collection 
and preservation of human biological material for 
scientific purposes. 

Each system component encompasses functions 
such as input-output, data validation and control, 
and performing relevant calculations to ensure 
the provision of information flows based on vari-
ous parameters (grouping criteria). This shared 
functionality across different system services en-
hances the efficiency and quality of information 
related to the collection of donor sample data. 

The computer system can manage information 
collected at the time of receiving biospecimens, as 
well as details about previously stored samples 
(both current and stored over time). The software 
is equipped with a service and maintenance tool 
for the database. The system includes essential 
components for reporting statistical data (a set of 
standardized reports) about donor samples 
stored in the database. Diagnoses are recorded 
according to the international codes of ICD revi-
sion X. 

The computer system, named Register of Informa-
tional Record of Biospecimens within the Biobank , 
implemented within the Biobank at Nicolae 
Testemitanu SUMPh, can group, adjust, and pro-
cess information within an individual medical in-
stitution, as well as across all medical institutions 
whose donor samples are included in the register. 
It also has the capability to process data from any 
period within the stored records. 

Taking into account the potential dangers that 
may arise when collecting donors' personal data 
as well as the real risks when storing and pro-
cessing them, the software provides the possibil-
ity of anonymizing and encrypting personal data. 

Within the computerized system of informational 
record of biospecimens within the Biobank, tech-
nical and organizational measures will be imple- 
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mented to prevent the destruction or unauthor-
ized modification, processing, and access to the 
data in the system. The primary and traditional 
measure for protecting personal data is the obli-
gation of the staff engaged in using the IT system 
to maintain the confidentiality of patients' medi-
cal data. Given the various potential biosecurity 
hazards involved in working with bio-specimens, 
it is crucial for all staff members to adopt appro-
priate security measures. The relevant Biobank 
staff will regularly review biosafety information 
documents for all materials used. These docu-
ments include Material Safety Data Sheets, 
providing information on health hazards associ-
ated with chemicals and infectious agents, as well 
as guidelines on how to use biosafety items (12). 

To ensure the confidentiality of donor sample 
data and medical institutions, the software should 
restrict access to unauthorized individuals. De-
pending on the size, various types of staff may be 
required for proper Biobank operation (13, 14, 
15). Therefore, when hiring staff for a Biobank, 
factors such as professional training, work ethic, 
promptness, intellectual capacity, teamwork, and 
communication skills must be taken into consid-
eration. Additionally, employees should be en-
rolled in educational programs to obtain the re-
quired certifications. Biobank staff may have a 
range of responsibilities such as purchasing, pro-
cessing, storing, and maintaining the database. 
 

DISCUSSIONS 

The system’s integrity is assured by the proper 
functioning of the developed tools. Data pro-
cessing for scientific medical research and statis-
tical purposes must adhere to suitable safe 
guards. The computer system will provide regular  

backups of data. The Biobank oversees the man-
agement and storage of data and generates elec-
tronic registers based on information authenti-
cated and validated according to pre-established 
criteria. 

The software developed for the Biobank provides 
data that will describe the biological material, its 
origin, and outcome. It facilitates information ex-
change with medical institutions through net-
work traffic established between the Biobank and 
these institutions. Electronic records are created 
online, and the system encompasses various func-
tionalities:  

• Sample Collection Register - activates a 
screen with a table containing all the rec-
orded samples;  

• Project Log - opens a screen with a table con-
taining all existing projects in the platform 
and related information;  

• Donor register - opens a screen with a table 
containing the data of all the donors regis-
tered in the Biobank platform who have de-
veloped analyses, according to their agree-
ment, for different scientific researches and 
projects;  

• Results register - opens a screen with a table 
containing all the results of samples regis-
tered in the platform;  

• Archived samples register - opens a screen 
with a table containing all the samples that 
have been destroyed, removed from research 
or have completed their research cycle. 

The software implemented in the Biobank of the 
Nicolae Testemitanu SUMPh has an archiving sys-
tem for sample records.  

 

CONCLUSIONS 

1. The development of the Biobank at Nicolae Testemitanu SUMPh adheres to the same requirements 
as other Biobanks for research. Emphasizing ethical considerations and respecting personal data 
through encryption are primary elements of the software development. This Biobank has the po-
tential to offer unique research-based services to the scientific and medical community. Biospeci-
mens are essential resources for research focused on human diseases. It is crucial for funding agen-
cies, governments, and private entities to continue recognizing the importance of Bioban ks in the 
ongoing development of human genome activities and genetic research.  

2. Scientific researchers, collaborators of scientific laboratories, teaching and scientific staff at Nicolae 
Testemitanu SUMPh benefit from comprehensive informational support for recording biospeci-
mens within the Biobank at Nicolae Testemitanu SUMPh, and they have the opportunity to enhance 
the efficiency of their research activities. 
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Introduction. The microbiological quality of non-sterile products covers two relevant aspects: 
firstly, the assessment of microbial load, and secondly, the absence of pathogenic microorgan-
isms. The absence of certain pathogenic microorganisms in a preparation depends on  their 
route of administration. Oral pharmaceutical products require the absence of microorganisms 
such as Salmonella and coliform bacteria, such as Escherichia coli. On the other hand, topical 
products require the absence of species like Staphylococcus aureus and Pseudomonas aeru-
ginosa. The methods commonly used for identifying microorganisms in medications are labo-
rious and time-consuming. Considering these factors, the development of rapid methods for 
determining unacceptable microorganisms in medications is an urgent necessity. 

Material and methods. This is an experimental study in which reference bacterial strains, 
medicinal preparations, components, ingredients, selectivity factors, and inhibition factors 
were utilized. For the preparation of the culture medium, high-purity reagents registered in 
the Republic of Moldova were used.  

Results. Following the conducted studies, a rapid procedure has been developed for determin-
ing P. aeruginosa bacteria in medications. Detection of individual P. aeruginosa cells is possi-
ble after 9-12 hours of incubation, while results for concentrations of 104-105 CFU are ob-
tained within 5-6 hours. The medium stands out for its high selectivity and specificity, predom-
inantly for these bacteria, and is economical and straightforward to apply. The shelf life of t he 
medium is two years (observation period). 

Conclusions. The developed procedure is valuable for the rapid determination of P. aeru-
ginosa bacteria, and the accuracy of the results will enable the timely implementation of mi-
crobiological monitoring strategies for large batches of medications. 

Cuvinte-cheie: pro-
cedeu, determi-nare 
rapidă, Pseudomonas 
aeruginosa, mediu de 
cultură, medicament. 

 

UN NOU PROCEDEU DE DETERMINARE RAPIDĂ A BACTERIILOR PSEUDOMONAS AERU-
GINOSA ÎN MEDICAMENTE  
Introducere. Calitatea microbiologică a produselor nesterile acoperă două aspecte relevante: 
evaluarea încărcăturii microbiene și absența microorganismelor patogene. Absența unor mi-
croorganisme patogene într-un preparat este în funcție de calea lor de administrare. Astfel, în 
produsele farmaceutice de uz oral nu trebuie să existe microorganisme din genul Salmonella 
și bacterii coliforme, cum ar fi Escherichia coli, iar în produsele topice sunt inadmisibile speci-
ile Staphylococcus aureus și Pseudomonas aeruginosa. Întrucât metodele actuale de 
identificare a microorganismelor în medicamente sunt laborioase și necesită mult timp, 
dezvoltarea de metode rapide este o necesitate stringentă. 

Material și metode. În prezentul studiu experimental au fost utilizate tulpini bacteriene de 
referință, preparate medicamentoase, componente, ingrediente, factori de selectivitae și de 
inhibiție. Pentru prepararea mediului de cultură au fost utilizate reactive de puritate înaltă 
înregistrate în Republica Moldova.  

Rezultate. În urma studiilor efectuate s-a elaborat un procedeu rapid pentru determinarea 
bacteriilor P. aeruginosa în medicamente. Indicarea celulelor unice de P. aeruginosa   este 
posibilă peste 9-12 ore de incubare, iar la concentrații de 104-105 UFC rezultatele se obțin timp 
de 5-6 ore. Mediul de cultură se distinge prin selectivitate și specificitate înaltă preponderent 
pentru această specie bacteriană, este econom și simplu în aplicare și are un termen de 
păstrare de doi ani (termen de observare). 

Concluzii. Procedeul elaborat este util pentru determinarea rapidă a bacteriilor P. aeruginosa 
în medicamente, iar veridicitatea rezultatelor permite aplicarea în timp util a strategiilor de 
monitorizare microbiologică a loturilor mari de medicamente. 
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INTRODUCTION 

The microbiological control of medication is one 
of the essential missions in ensuring the quality 
surveillance of human pharmaceuticals, in ac-
cordance with the provisions of the current ana-
lytical and normative documentation. Currently, 
medical practice and observations in the pharma-
ceutical field demonstrate that numerous phar-
maceutical forms, often overlooked, may contain 
bacteria and/or fungi in significantly varied pro-
portions and diverse species, mostly saprophytic. 
Their contamination with pathogenic, condition-
ally pathogenic, or even saprophytic microorgan-
isms increasingly raises public, collective, or indi-
vidual health concerns. These medications pose a 
significant risk, especially in the treatment of 
burns, wounds, and severe ulcerations on large 
denuded epidermal surfaces. Additionally, indig-
enous intravenous medications prepared in hos-
pitals, which carry a high risk of microbial con-
tamination, have a short shelf life, leading to inci-
dents that have resulted in fatalities (1, 2).  

The increasing number of pharmaceutical recalls 
in recent years has once again made us aware of 
how crucial the microbiological quality of medica-
tions is. The presence of microorganisms in med-
ications can become a source of infectious disease 
spread through them, especially when contami-
nated products are processed industrially in large 
batches (3).  

The stability of a medication, alongside efficacy, 
purity, and safety, is a crucial factor in ensuring its 
quality. A medication considered stable maintains 
the quality characteristics imparted during prep-
aration within the limits specified by official 
standards for a specified period. The medication 
should exhibit physical, chemical, and microbio-
logical stability. Any change in the medication, 
whether apparent or not, as long as it falls outside 
the specifications provided by the manufacturer, 
can compromise its efficacy and safety. Medica-
tion incompatibilities may arise, and the presence 
of unacceptable microorganisms can introduce 
sources of contamination (1, 4). 

In turn, the metabolic activity of microorganisms 
can induce physico-chemical instabilities, leading 
to the production of pyrogenic metabolites, a de-
crease in pharmacokinetic properties, and the 
nullification of therapeutic effects. This can instill 
doubt in the patient regarding the benefits of-
fered by the medication. 

In the treatment of various diseases, various 
pharmaceutical forms are used based on their 
content, mode of administration, and therapeutic 
action. These forms may be exposed to the unfa-
vorable factors mentioned above. These prepara-
tions fulfil the indispensable conditions for the 
development of microorganisms; hence, a pri-
mary concern is to avoid microbial pollution from 
the technological preparation phase to the admin-
istration phase. The increasing number of phar-
maceutical product recalls in recent years has 
once again made us aware of how crucial the mi-
crobiological quality of medications is (2, 4).  

The aim of the study is to develop a procedure for 
the rapid detection and identification of unac-
ceptable microorganisms in medications focusing 
on P. aeruginosa, which involves the culture me-
dium for rapid multiplication and detection, as 
well as a minimal set of tests for swift identifica-
tion. 
 
MATERIAL AND METHODS 

Bacterial strains 
In this study, seven bacterial strains from the 
American Type Culture Collection (ATCC) and the 
National Collection of Strains from the United 
Kingdom were utilized, belonging to four species: 
Pseudomonas aeruginosa ATCC 27853, Pseudomo-
nas aeruginosa ATCC 15442, Pseudomonas aeru-
ginosa ATCC 49189, Pseudomonas aeruginosa 
NCTC 6750, Escherichia coli ATCC 25922, Staphy-
lococcus aureus ATCC 25923, and Staphylococcus 
epidermidis ATCC 149990. Prior to the study, the 
strains were precultivated in Tryptic Soy Broth. 
All microbial strains were cultured on specific 
media for each species. The utilized media in-
cluded Tryptic Soy Agar, Mannitol Salt Agar, Mac-
Conkey Agar, Blood Agar, Peptone Agar (BioMé-
rieux, France), and MCS-Ps medium. The study 
also involved the use of medications labelled as 
"sterile," oral and topical preparations, compo-
nents of formulations for micro-pellicle media, re-
agents, and chemical compounds for achieving se-
lectivity, factors promoting multiplication, and in-
hibition factors obtained from official distribu-
tors. 

A microbiological method was employed in the 
study, comparing known methods for the detec-
tion and identification of Pseudomonas aerugino-
sa with the proposed rapid determination proce- 
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dure, the investigation of the selectivity of the 
concentrated micro-pellicle medium, the exami-
nation of the specificity of the rapid procedure, a 
comparative study of established identification 
means with the developed one, and the microbio-
logical control of the medication regulated by the 
European Pharmacopoeia compared with the 
control of the medication using the proposed pro-
cedure and algorithm (5). 

Development of the culture medium 
The proposed procedure consists of the micro-
pellicle culture medium, which includes in its 
composition casein hydrolysate, gelatin, sodium 
malonate, cetyltrimethylammonium bromide, so-
dium chloride, water-soluble bromothymol blue, 
monopotassium phosphate, and disodium phos-
phate. The research was conducted using materi-
als and high-purity reagents from “Sigma-Al-
drich”. 

For the preparation of the medium, stock solu-
tions of phosphates are prepared in advance to 
obtain the phosphate buffer solution at pH 6.9-
7.0, a 10% gelatin solution, and a 0.5% bromothy-
mol blue solution. 

The preparation of phosphate stock solutions 
takes place using the following method: monopo-
tassium phosphate (KH2PO4) – 9.078 g is dis-
solved in 1000 ml of distilled water, and disodium 
phosphate (Na2HPO4) – 11.876 g in 1000 mL of 
distilled water until complete dissolution.  

The 10% gelatin solution is prepared in a sterile 
tube by introducing 1.0 g of crystallized gelatin 
and 9.0 mL of distilled water. It is left for 45-50 
minutes to swell, then heated in a water bath at a 
temperature of 85-90°C, stirring with a glass rod 
until completely dissolved. 

For the preparation of the 0.5% bromothymol 
blue solution, in a sterile tube, 10.0 mL of sterile 
distilled water is poured, and 0.05 g of water-sol-
uble bromothymol blue is added. The tube is then 
heated for 45 minutes in a water bath at a temper-
ature of 85-90°C. 

The preparation of the culture medium involves 
introducing casein hydrolysate, sodium malonate, 

cetyltrimethylammonium bromide, sodium chlo-
ride, sterile distilled water, disodium phosphate, 
and monopotassium phosphate into a clean and 
sterile chemical retort. The mixture is stirred, and 
gelatin solution and bromothymol blue solution 
are added. The content is mixed to obtain a liquid 
culture medium, which is then dispensed in 0.2 ml 
portions into sterile bottles using a measured pi-
pette. The bottles are dried at a temperature of 
+37°C for 24-48 hours and sterilized under the ac-
tion of ultraviolet rays for 90-120 minutes. The 
tubes are sealed with sterile rubber stoppers and 
then with metal caps. Thus, the developed me-
dium presents a sterile micro-pellicle fixed at the 
bottom of a 10.0 mL bottle. 
 

RESULTS 

For the determination of P. aeruginosa bacteria in 
the bottle with the medium, 2.0 ml of sterile dis-
tilled water and the strain of P. aeruginosa in a 
concentration of 101 .... 109 are applied. The me-
dium dissolves within 2-3 minutes, and then it is 
incubated in a thermostat at a temperature of 
37°C for up to 9 hours. 

In the presence of P. aeruginosa bacteria in the ex-
amined material, the color of the mixture in the 
bottle changes from green to blue. Meanwhile, in 
the control bottle, the color remains unchanged 
(remains green). 

The time for the detection of P. aeruginosa bacte-
ria depends on the initial concentration of the 
germs in one milliliter of the examined material. 
The detection of individual P. aeruginosa cells is 
possible after 9-24 hours of incubation, while the 
detection of concentrations of 104-105 CFU/mL 
takes 5-6 hours of incubation at a temperature of 
37°C (tab. 1). 

We determined the sensitivity and selectivity of 
the proposed medium. To assess the selectivity of 
the medium, we conducted a series of experi-
ments with four batches of microorganisms in as-
sociation, in 32 repetitions. When forming the as-
sociations, we selected the microorganisms 
deemed unacceptable in the majority of medica-
tions. 

 
I. P. aeruginosa ATCC 27853 (102) + S. aureus ATCC 25923 (106); P. aeruginosa ATCC 27853 (102) + E. 
coli ATCC 25922 (106); P. aeruginosa ATCC 27853 (102) + S. epidermidis ATCC 149990 (106). 

II. P. aeruginosa ATCC 27853 (103) + S. aureus ATCC 25923 (106); P. aeruginosa ATCC 27853 (103) + E. 
coli ATCC 25922 (106); P. aeruginosa ATCC 27853 (103) + S. epidermidis ATCC 149990 (106).  
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III. P. aeruginosa ATCC 27853 (104) + S. aureus ATCC 25923 (106); P. aeruginosa ATCC 27853 (104) + E . 
coli ATCC 25922 (106); P. aeruginosa ATCC 27853 (104) + S. epidermidis ATCC 149990 (106). 

IV. P. aeruginosa ATCC 27853 (105) + S. aureus ATCC 25923 (106); P. aeruginosa ATCC 27853 (105) + E. 
coli ATCC 25922 (106); P. aeruginosa ATCC 27853 (105) + S. epidermidis ATCC 149990 (106) (tab. 2).  
 

Table 1. The time of detection of P. aeruginosa based on their initial concentration (CFU/mL). 

Microorganism 
concentration 

(CFU/mL) 

Detection time, hours 

1 2 3 4 5 6 7 8 9 24 

101 - - - - - - - + ++ ++ 

102 - - - - - - - + ++ ++ 

103 - - - - - - - ++ ++ ++ 

104 - - - - - + ++ ++ ++ ++ 

105 - - - - + ++ ++ ++ ++ ++ 

106 - - + ++ ++ ++ ++ ++ ++ ++ 

107 - + + ++ ++ ++ ++ ++ ++ ++ 

108 - - + ++ ++ ++ ++ ++ ++ ++ 

109 - + ++ ++ ++ ++ ++ ++ ++ ++ 

>2 mld. ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

Note: „++” – pronounced positive reaction; „+” – positive reaction; „-” – negative reaction. 
 

Table 2. The selectivity of the culture medium. 

Microbial species 
Exp. No. Detection, hours p 

6 9 24 6.9 9.24 

P. aeruginosa (102)  

S. aureus (106) 
32 0 90.6±1.9 96.9±2.1 - <0.05 

P. aeruginosa (102)  

E. coli (106) 
32 0 93.8±2.0 100±0.0 - <0.05 

P. aeruginosa (102)  

S. epidermidis (106) 
32 0 87.5±1.7 96.9±2.1 - <0.05 

P. aeruginosa (103)  

S. aureus (106) 
32 0 93.8±2.0 100±0.0 - <0.05 

P. aeruginosa (103)  

E. coli (106) 
32 0 96.9±2.1 96.9±2.1 - <0.05 

P. aeruginosa (103)  

S. epidermidis (106) 
32 0 100±0.0 100±0.0 - - 

P. aeruginosa (104)  

S. aureus (106) 
32 9.4±0.6 100±0.0 100±0.0 <0.001 - 

P. aeruginosa (104)  

E. coli (106) 
32 6.2±0.4 96,9±2.1 96.9±2.1 <0.001 <0.05 

P. aeruginosa (104)  

S. epidermidiss (106) 
32 9.4±0.6 96.9±2.1 100±0.0 <0.001 <0.05 

P. aeruginosa (105)  

S. aureus (106) 
32 28.1±1.1 96.9±2.1 100±0.0 <0.001 <0.05 

P. aeruginosa (105)  

E. coli (106) 
32 31.3±1.2 100±0.0 100±0.0 <0.001 - 

P. aeruginosa (105)  

S. epidermidis (106) 
32 28.1±1.1 96.9±2.1 100±0.0 <0.001 <0.05 
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Based on the obtained results, we have deter-

mined that the medium exhibits selectivity to-
wards P. aeruginosa bacteria, depending on the 

initial concentration of pseudomonads and the 
microorganisms in association. 

To determine the sensitivity of the medium, we 
conducted a series of experiments with four ref-

erence strains of P. aeruginosa at two concentra-

tions, 104 and 105 CFU/mL, in 14 repetitions. In 
parallel, we carried out the cultivation of bacteria 

on blood agar and peptone agar media (tab. 3). 

Experimentally, we determined that the proposed 
medium is much more sensitive compared to 
blood agar and peptone agar media, allowing for 
the detection of P. aeruginosa bacteria within 6 
hours. 

The composition and optimal ratio of ingredients 
create a medium in the form of a micro-pellicle 
fixed at the bottom of a bottle, which serves as 
both a container for preserving the medium and, 
at the same time, for conducting the analysis. The 
storage term of the medium is 2 years (observa-
tion period). 

 

Table 3. The sensitivity of the detection of P. aeruginosa bacteria. 

Microbial spe-
cies 

Exp. 
No. 

The concentration of microorganisms CFU/ml and their detection after 6 
hours of incubation at 37ºC 

The micro-pellicle medium Blood agar Peptone agar 

104 105 104 105 104 105 

P. aeruginosa 
ATCC 27853 

14 71.4±1.3 100±0.0 0 0 0 0 

P. aeruginosa 
ATCC 15442 

14 
83.3±1.4 100±0.0 0 0 0 0 

P. aeruginosa 
ATCC 49189 

14 70.0±1.4 100±0.0 0 0 0 0 

P. aeruginosa 
NCTC 6750 

14 
80.0±1.6 100±0.0 0 0 0 0 

 
DISCUSSIONS 

The control of “microbiological purity” carried 
out in support of pharmaceutical and biopharma-
ceutical production falls into three main catego-
ries: indication (qualitative), enumeration (quan-
titative), and characterization/identification. Tra-
ditional microbiological methods are listed in 
compendia and discussed using conventional 
techniques based on growth and multiplication, 
which are bulky and time-consuming. Generally, 
such tests require several days of incubation to 
determine microbial contamination, and there-
fore, managing them can lead to proactive correc-
tive measures. Additionally, microbial growth is 
limited by the culture medium used and incuba-
tion conditions, influencing the sensitivity, speci-
ficity, and reproducibility of testing (6). 

The most discussed topics revolve around the de-
velopment of various technological platforms for 
rapid microbiological methods, and many have 
been readily adopted by microbiology laborato- 

ries and the pharmaceutical industry. Their use 
could enable drug companies to adapt to dead-

lines for manufacturing processes and product re-
lease. Some rapid methods also provide the pos-
sibility of real-time microbiological control, al-
lowing management to respond to microbial con-
tamination events over a more extended period 
and potentially offering cost savings and in-
creased efficiency in quality control testing labor-
atories. Despite the numerous proven advantages 
in quality management and the initiatives of in-
ternational associations to promote the use of an-
alytical process technology, including rapid mi-
crobiological methods, the pharmaceutical and 
biopharmaceutical industry has been somewhat 
slow to embrace alternative microbiological con-
trol methodologies due to reported divergent re-
sults (6, 7). 

The use of rapid methods is a dynamic field in ap-
plied microbiology that has garnered increased 
attention both nationally and internationally over 
time (8, 9, 10). This topic has been widely ad-
dressed in conferences and published documents 
worldwide. More recently, the use of alternative 
methods  for  microbiological  quality  control  of  
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pharmaceutical products and materials used in 
pharmaceutical production has been extensively 
discussed in various guidelines and compendia in 
an attempt to facilitate the implementation of 
these technologies by pharmaceutical companies 
(6, 11). 

Based on the above, the issue of developing pro-
cedures and means for the rapid detection and 
identification of bacteria from the Pseudomonas 
spp., Staphylococcus, Candida, and Enterobacteri-
aceae groups, as microorganisms unacceptable in 
medications, is current and aligns with the pur-
pose of the proposed study.  

The procedure pertains to culture media for the 
detection of Pseudomonas aeruginosa bacteria in 
various samples, environmental objects, includ-
ing human pharmaceuticals. In technical essence, 
closer is the reagent for the detection of P. aeru-
ginosa bacteria, which contains all optimal ingre-
dients, with reference to the specific substrate of 
sodium citrate, used for rapid detection within 9 
hours of incubation at a temperature of 37°C. The 
disadvantage of the known reagent is its lower 
specificity, as it allows the detection of other cit- 

rate-positive microbial species. 

The problem addressed by the proposed proce-
dure lies in the development of a culture medium 
that allows a significant improvement in the spec-
ificity of detecting Pseudomonas aeruginosa bac-
teria.  

A new culture medium is proposed that includes 
all optimal ingredients for the detection of P. ae-
ruginosa bacteria, with sodium malonate as a spe-
cific substrate, water-soluble bromothymol blue 
as an indicator, sodium hydrogen phosphate, and 
potassium dihydrogen phosphate. The results of 
the conducted studies have shown an increase in 
the specificity of the medium by including sodium 
malonate as a specific substrate, which P. aeru-
ginosa uses as the sole carbon source for multipli-
cation. The other ingredients are included to pro-
mote and facilitate the multiplication of P. aeru-
ginosa. Detection occurs under the pH conditions 
formed by sodium hydrogen phosphate and po-
tassium dihydrogen phosphate, and the cleavage 
products of sodium malonate are indicated using 
bromothymolblue. 

 
CONCLUSIONS 

1. The use of the developed procedure allows for the rapid and specific isolation of P. aeruginosa 
strains and facilitates timely monitoring of pharmaceutical preparations and resources to limit 
contamination throughout the pharmaceutical manufacturing process.  

2. The conducted studies indicate a clear increase in the sensitivity and speed of detection of P. aeru-
ginosa bacteria in pure culture, mixed culture, or other research materials.  

3. The described procedure is simple to implement, cost-effective, and can be used in microbiological 
laboratories of various levels. 
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Introduction. In recent years, the incidence of infectious diseases affecting the central nervous 
system has increased. Among the reasons for the expansion of these diseases and the emer-
gence of new neuropathogens are globalization, global warming, increased proximity between 
humans and wild animals due to human activities such as deforestation, the rising cases of 
antimicrobial resistance, etc. 
Material and methods. A narrative synthesis of specialized bibliographic references was con-
ducted, selecting sources from Google Scholar and ResearchGate using the keywords “bacterial 
diseases of the nervous system,” “neuroinfections,” and “global warming” in English. A total o f 
39 bibliographic sources were identified, excluding 3 abstracts and 4 duplicated articles. Ad-
ditionally, 19 irrelevant articles were excluded, and 4 articles highlighting the topicality of the 
subject were added. 
Results. Bacterial diseases affecting the nervous system tend to become increasingly severe 
due to the critical functions performed by the brain, spinal cord, peripheral nerves, and cranial 
nerves. Infections can occur in nervous tissue or in the meninges (covering membranes). Spe-
cialized literature mentions that there is no direct connection between neuroinfections and 
global warming. The development of neuroinfections is linked to exposure to bacterial agents 
in the environment and is associated with human behaviors. Although global warming can 
influence the distribution of disease vectors, there is a significant distance between this phe-
nomenon and the direct transmission of neuroinfections. Global warming can impact human 
health in various ways, including the expansion of the range of vector-borne diseases or 
changes in the distribution of pathogens. However, these connections are complex and depend 
on numerous factors. 
Conclusions. The effects of global warming can enhance the adverse impact of microorgan-
isms on the nervous system. 

Cuvinte-cheie: sis-
tem nervos central, 
maladii bacteriene, 
neuroinfecții. 

 

MALADII BACTERIENE NEUROLOGICE INFLUENȚATE DE ÎNCĂLZIREA GLOBALĂ   

Introducere. În ultimii ani a crescut incidența bolilor infecțioase care afectează sistemul ner-
vos central. Printre motivele expansiunii acestor boli și apariției de noi neuropatogeni se nu-
mără globalizarea, încălzirea globală, apropierea crescută dintre oameni și animalele sălba-
tice din cauza activităților umane precum defrișările, creșterea cazurilor de rezistență anti-
microbiană etc. 
Material și metode. A fost realizată o sinteză narativă a referințelor bibliografice de specia-
litate. Sursele au fost selectate în Google Scholar și ResearchGate folosind cuvintele-cheie „ma-
ladii bacteriene ale sistemului nervos”, „neuroinfecții” și „încălzire globală” în limba engleză. 
Astfel au fost identificate 39 de surse bibliografice, dintre care au fost excluse trei abstracte, 
patru articole dublate, 19 articole netematice și au fost adăugate patru articole ce reflectă 
actualitatea temei. 
Rezultate. Bolile bacteriene, care afectează sistemul nervos, au tendință de a deveni tot mai 
grave din cauza funcțiilor critice pe care le îndeplineșc creierul, măduva spinării, nervii peri-
ferici și cranieni. Infecțiile pot apărea în țesutul nervos sau în meninge (membranele de aco-
perire ale creierului). În literatura de specialitate se menționează că nu există o conexiune 
directă între neuroinfecții și încălzirea globală. Dezvoltarea neuroinfecțiilor are legătură cu 
expunerea la agenții bacterieni din mediu și cu comportamentele umane. Deși încălzirea glo-
bală poate influența distribuția unor vectori ai bolilor, există o distanță semnificativă între 
acest fenomen și transmiterea directă a neuroinfecțiilor. Încălzirea globală poate afecta să-
nătatea umană într-o varietate de moduri, inclusiv prin extinderea ariei de răspândire a unor 
boli transmise de vectori sau prin schimbări în distribuția unor agenți patogeni, dar aceste 
legături sunt complexe și depind de numeroși factori. 

Concluzii. Efectele încălzirii globale potențează acțiunea nefavorabilă a microorganismelor 
asupra sistemului nervos. 
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INTRODUCTION 

The progress in human health and diseases has 
been substantial in today’s world, with a growing 
emphasis on exploring the causal relationships 
between various illnesses and diverse causative 
factors, both internal and external. There is lim-
ited conclusive data or few pieces of evidence to 
suggest that climate change/global warming is re-
sponsible for altering disease patterns. However, 
extreme temperature fluctuations, such as heat-
waves and cold spells, coupled with changes in 
precipitation levels leading to famine and floods, 
and the presence of airborne allergens with in-
creased air pollution, impact human health at an 
individual level. Vector-borne diseases are di-
rectly affected by changes in temperature and 
precipitation levels. Water-related diseases aris-
ing from poor water quality, its quantity, and in-
sufficient personal hygiene have complex associ-
ations. The loss of human lives, damage to health 
infrastructure, and public properties due to re-
cent disasters like storms, cyclones, and hurri-
canes serve as a warning for the future world to 
address this situation now or never. On the other 
hand, the vulnerable population in low- or mid-
dle-income countries bears the brunt of the 
health burden related to global warming (1). To-
gether, these factors will have adverse conse-
quences on the health status of the population, in-
cluding the health of the human brain (2). 

Neurotropism, which affects the normal function 
of the brain, is characteristic of certain microor-
ganisms such as prions, viruses, bacteria, fungi, 
and parasites (3). Bacterial infections of the cen-
tral nervous system are significant causes of mor-
bidity and mortality. Neuroinfections caused by 
these agents activate the immune response, in-
ducing neuroinflammation, excitotoxicity, and 
neurodegeneration. Purinergic signaling is an 
evolutionarily conserved signaling pathway asso-
ciated with these neuropathologies (4). 

Global warming is a phenomenon of great con-
cern, given the increasing temperature and fre-
quency of extreme weather conditions directly 
impacting all life on Earth. The planet’s tempera-
ture is rising at an unprecedented rate, leading to 
the loss of biodiversity. Biodiversity is a term that 
encompasses both macro and microenviron-
ments. Altered biodiversity, the duration of polli-
nation seasons and geography, coupled with the 
production  of  harmful  gases,  released toxic sub 

stances, and chemicals, underscore the rise in dis-
turbances related to the epithelial barrier (5, 6).  

The incidence of infectious diseases affecting the 
central nervous system (CNS) has increased in re-
cent years. Among the reasons for the expansion 
of these diseases and the emergence of new neu-
ropathogens are globalization, global warming, 
and increased proximity between humans and 
wild animals due to human activities such as de-
forestation (4). 

The anatomy of the brain and meninges deter-
mines the unique nature of infections of the cen-
tral nervous system, often referred to as neuroin-
fections.  

Many inflammatory conditions have been influ-
enced by a disrupted epithelial barrier, best ex-
plained by the hypothesis of the epithelial barrier 
(6).  

The increasingly frequent extreme weather 
events can synergistically damage the integrity of 
the epithelial barrier. A compromised epithelial 
barrier induces pro-inflammatory activation of 
epithelial cells. An “open” epithelial barrier con-
tributes to the entry of the external exposome 
into and beneath the epithelium, triggering an ex-
pulsion response led by local inflammatory cells 
and chronic inflammation. These changes are as-
sociated with microbial dysbiosis with opportun-
istic pathogenic colonizers and decreased com-
mensal presence. These cellular and molecular 
events are key mechanisms in the pathogenesis of 
numerous chronic inflammatory disorders (5, 7).  

Thus, mitigating the impact on health should be 
tailored to regional health threats. Effective strat-
egies need to be devised at all levels of the 
healthcare delivery system (1, 2).  

The aim of the research was to analyze the issues 
related to bacterial diseases of the CNS in associ-
ation with global warming. 
 

MATERIAL AND METHODS  

The research represents a narrative synthesis of 
specialized bibliographic references from both 
domestic and international sources. The synthe-
sis relied on the theoretical evaluation of scholars’ 
experiences regarding the addressed phenome-
non. Sources were selected through the Google 
Scholar search engine and the ResearchGate social 
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network. The keywords “bacterial diseases of the 
nervous system,” “neuroinfections,” and “global 
warming” were used in English. The primary cri-
terion for selecting bibliographic sources was the 
availability of full, free access to the articles. 

The first stage of the work included selecting arti-
cles that contain two components of interest in 
the research: bacterial diseases of the nervous 
system and global warming. At this stage, 39 bib- 

liographic sources were identified on Google 
Scholar and ResearchGate. In the second stage, 3 
abstracts and 4 duplicated articles were excluded. 
After a detailed analysis of titles and abstracts 
(third stage), articles containing relevant infor-
mation for the research topic with both requested 
components were selected. Thus, the final num-
ber for analysis consisted of 12 scientific articles, 
supplemented with 4 articles used in the intro-
duction = 16 scientific articles (fig. 1). 

 

 

 

 

 

 

 

  

 
Figure 1. Article selection algorithm.  

 

RESULTS 

Bacterial diseases of the nervous system are very 
rare but can be life-threatening. 

Microbiology of the nervous system 
Bacterial diseases of the CNS continue to increase 
in incidence due to conditions contributing to the 
emergence of pathogens, such as global travel, cli-
mate changes, and human encroachment into an-
imal territories. The severity and complexity of 
these diseases are influenced by the diversity of 
etiological agents and their routes of neuroinva-
sion (8).  

Among the bacterial diseases affecting the nerv-
ous system are: meningococcal meningitis, pneu-
mococcal meningitis, listeriosis, Lyme disease, tu-
berculoid leprosy, lepromatous leprosy, tetanus, 
botulism, etc. (4, 9). Epidural abscesses remain lo-
calized, while subdural abscesses spread over one 
of the cerebral hemispheres. Infections in the sub-
arachnoid space tend to spread over the brain and 
spinal cord (8, 10).  

 

The major bacterial causes of central nervous sys-
tem infections are Haemophilus influenzae, Strep-
tococcus pneumoniae, and Neisseria meningitidis 
(9). Most of these agents invade through the 
bloodstream. In these infections, the number of 
bacteria rapidly increases in the cerebrospinal 
fluid. Brain abscesses often present a mixed flora 
of aerobic and anaerobic bacteria (4). 

The bacterial world and global warming 
Microorganisms provide long- and short-term 
feedback reactions to global warming and climate 
changes, which can be both positive and negative. 
Since they can recycle and modify fundamental el-
ements such as carbon and nitrogen that make up 
cells, they play a significant role as producers or 
consumers of these gases in the environment. In 
unpopulated areas that were previously too cold 
for bacteria to survive, they have been able to 
spread and can cause fatal infections (11). 

 

F
ir

st
 s

ta
ge

 

39 bibliographic sources 
Google Scholar, ResearchGate 

31 bibliographic sources 
full text, apen access 

16 bibliographic references 

excluded: 
• 3 abstracts  

• 4 duplicated articles 

excluded: 
• 19 irrelevant articles 

included: 
• 4 articoles highliting 

topicality of the sub-

ject 

12 sources used 

S
ec

o
n

d
 s

ta
ge

 
T

h
ir

d
 s

ta
ge

 



 
 

 

    86  
 

Special edition 
January 2024 

 

2020 
 

New infections could arise as the gap between 
ambient temperatures and human body tempera-
ture narrows. Floods and other natural disasters 
are more likely, driven by climate changes, lead-
ing to an increased risk of bacterial growth in peo-
ple’s homes. In this context, certain bacteria can 
lead to severe contamination of the lungs and 
brain (11).  

The capacity of the medical system to treat bacte-
rial diseases is compromised by antimicrobial re-
sistance (a threat in which microorganisms, espe-
cially bacteria, become resistant to antibiotics and 
disinfectants, thereby complicating the ability to 
treat and prevent infections). Resistance is often 
developed through sub-inhibitory exposures to 
drugs and/or disinfectants but can also be caused 
by (often negative) environmental changes as a 
response mechanism to environmental condi-
tions such as air temperature, water salinity, met-
als (potential toxic elements), and organic pollu-
tants. Possible mechanisms through which cli-
mate change could affect the transfer of antimi-
crobial resistance genes between bacteria in-
clude: 

- direct action, through changes in air temper-
ature and/or precipitation,   

- indirect impact, such as changes in human 
populations, disease vectors, agricultural 
processes, water availability, glacial and hy-
drological processes (1).  

The impact of global warming on neurological 
diseases 
Exposure to heat can lead to hyperthermia and 
heatstroke in extreme cases, which can be fatal. 
As global temperatures continue to rise, the inci-
dence of hyperthermia and heatstroke is also in-
evitably expected to increase. Hyperthermia, 
along with atmospheric changes associated with 
global warming, is linked to an increased preva-
lence of migraines, seizures, stroke, and certain 
forms of dementia, including Alzheimer's disease. 
Prolonged exposure to heat can elevate levels of 
proinflammatory cytokines, such as tumor necro-
sis factor-alpha (TNF-α) and interleukin-1 (IL-1), 
and may induce gliosis and a decrease in synaptic 
density in the brain (2). 

With global warming and the extremely hot sum-
mers witnessed worldwide in recent years, there 
is an increase in the incidence of fatal encephalitis 
caused by the so-called “brain-eating amoebas.” 
(12). 

The major cause of global warming is greenhouse 
gases that trap the thermal energy reflected by 
the Earth’s surface. The main greenhouse gases 
include carbon dioxide, methane, nitrous oxide, 
and ozone. A new bacterium called Methylokorus 
infernorum has been discovered, which could help 
address the greenhouse gas issue. Found in geo-
thermal areas with acidic and hot conditions, this 
bacterium utilizes methane gas. These bacteria 
can consume vast amounts of methane, approxi-
mately 11 kg/year, and could be useful in reduc-
ing ethane emissions from methane-producing fa-
cilities and landfills (13). 

Bacteria can be involved in stopping global 
warming 
Global warming has direct and indirect opposing 
effects on the structure and function of the micro-
bial community in permafrost lake sediments.  

Northern lakes disproportionately influence the 
global carbon cycle and may do so even more in 
the future, depending on how their microbial 
communities respond to global warming. Micro-
bial communities can change due to the direct ef-
fects of global warming on their metabolism and 
the indirect effects of global warming on the con-
nectivity of groundwater from permafrost thaw 
in the surrounding area (2).  

Bacteria play a crucial role in the global carbon, 
nitrogen, and methane cycles. They capture car-
bon from non-living sources, making it available 
for living organisms through the process of car-
bon fixation. Bacteria can cycle carbon molecules 
under anaerobic conditions to produce energy 
through the fermentation process. Certain bacte-
ria, such as Thiobacillus ferrooxidans, sulfur bac-
teria, and Clostridium butyricum, may participate 
in the carbon cycle (which describes the continu-
ous movement of carbon atoms from the atmos-
phere to Earth and back to the atmosphere) (11, 
14). 

The main component of air, gaseous nitrogen 
(N2), enters the biosphere through biological fixa-
tion. Bacteria exhibit specificity to certain plants. 
As a result of attaching to one of the plant's root 
hairs, the bacterium creates a hollow tube that 
leads into the root. Through this tube, bacteria de-
velop and eventually form a nodule on the root. 
For bacteria, the plant provides food and energy, 
while nitrogen from the air is supplied in a form 
usable by the plant through fixation by the bacte-
ria. Rhizobium trifolium contains the nitrogenase  

 



 
 

   87 
 

Special edition 
January 2024 

 
 

enzyme, which fixes atmospheric nitrogen into a 
form of ammonium ions that is chemically advan-
tageous for higher species. The plant transforms 
the fixed ammonium ion into nitrogen oxides and 
amino acids to create proteins and other com-
pounds like alkaloids, as part of their symbiotic 
association. Bacteria contribute to the collection 
of energy or the accumulation of nitrogen in a 
form necessary for their growth and develop-
ment. Bacteria that consume methane (CH4), a 
greenhouse gas, are imperative for maintaining 
Earth’s climate stability. Methane serves as an en-
ergy source for bacteria metabolism (11). 
 
DISCUSSIONS  

Neuroinfections begin nonspecifically, without 
signs of involvement of the nervous system. 

Bacterial diseases affecting the nervous system 
tend to become more severe due to the critical 
functions performed by the brain, spinal cord, pe-
ripheral nerves, and cranial nerves. Infections can 
occur in nervous tissue or in the meninges (cov-
ering membranes).  

Climate change is a global existential challenge 
that has introduced unprecedented pressures on 
the planet, already translating into significant 
consequences for human health. 

The study conducted in Canada, sampling 19 
lakes along a 1600 km latitudinal transect cover-
ing all major permafrost regions, assessed the po-
tential impacts of global warming through spatial 
substitution over time. The direct effects of re-
gional warming, such as temperatures and per-
mafrost coverage extent, were compared with its 
indirect impacts on local groundwater connectiv-
ity and lake water chemistry. It was found that 
methanogens and metabolically diverse Eu-
ryarchaeota genes involved in all major pathways 
of methanogenesis responded particularly posi-
tively to the direct effects of regional global 
warming (15).  

Some authors mention that increases in se-
quences representing methanogens and methan-
ogenesis could be partially compensated by 
greater groundwater connectivity associated 
with warmer temperatures, as the abundance of 
these sequences has been negatively correlated 
with groundwater connectivity (16).  

The opposing views among scientists on different 
aspects of global warming help explain why con-

siderable variation remains unexplained in me-
thane emission predictions by Earth system mod-
els, even when microbial dynamics are consid-
ered. The potential methane production can be 
further enhanced in warmer locations due to the 
inadequate increase in its oxidation.  

The specialized literature mentions that there is 
no direct connection between neuroinfections 
and global warming. The development of neu-
roinfections is linked to exposure to bacterial 
agents in the environment and is associated with 
human behavior. Although global warming can in-
fluence the distribution of disease vectors, there 
is a significant distance between this phenome-
non and the direct transmission of neuroinfec-
tions. Global warming can impact human health in 
various ways, including expanding the range of 
vector-borne diseases or altering the distribution 
of pathogens, but these connections are complex 
and depend on numerous factors (6, 17). 

Nevertheless, it is important to understand and 
address the consequences of global warming on 
human health, including potential public health 
risks and possible impacts on the distribution of 
infectious diseases. Studies in this field are ongo-
ing to investigate these connections and to de-
velop effective adaptation and mitigation strate-
gies. 

The increase in methanogenesis is supported by 
concurrent measurements of methane fluxes at 
the study sites. Together, the results provide a 
new understanding of why methane emissions 
are highly sensitive to rising temperatures in the 
study region. Future predictions of methane 
emissions could now be improved by considering 
how microbial dynamics vary with the direct and 
indirect effects of global warming associated with 
temperature and hydrology (14). 
Environmental changes can create additional 
stress on microorganisms and the distribution of 
pathogens. Further research is needed to under-
stand the microbiome, resistance, and environ-
mental stress factors (such as temperature) that 
modify the impact, wastewater treatment, patho-
gens discharged into the environment, and the 
evolution and dissemination after exposure to 
ecological stress (1). 

Diagnostic tests for neurological disorders often 
involve examining cerebrospinal fluid, and antibi-
otic therapy must use medications that can cross 
the blood-brain barrier. 
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CONCLUSIONS 

1. Climate change represents a shift in balance, and the outcomes of the interaction between environ-
mental factors and bacteria, the connections between these components, are complex and challeng-
ing to predict. 

2. The effects of global warming enhance the unfavorable action of microorganisms on the nervous 
system. 
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Introduction. Unilateral dyskinesia is a rare neurological disorder characterized by involun-
tary, abnormal movements on one side of the body. In children, understanding its clinical 
presentation and age-appropriate rehabilitation strategies is essential for the best outcome.  

Material and methods. In this case-presentation, we conducted an in-depth examination of a 
10-year-old boy with unilateral dyskinesia, previously diagnosed with bilateral spastic cere-
bral palsy. Extensive pediatric neurological assessments, including neuroimaging and child-
friendly clinical evaluations, were performed to comprehensively document the patient's con-
dition.  

Results. Birth data: 39 weeks gestation, singleton, weight – 3950 g, length – 56 cm, head cir-
cumference – 36 cm, Apgar score at 5 minutes – 7, without birth-related complications. Para-
clinical investigations revealed MRI-identified basal ganglia lesions in the putamen. Functional 
classifications indicated GMFCS II, MACS II, epilepsy, normal vision, normal hearing, EDACS 
level I, Viking speech scale III, and moderate intellectual disability. The pediatric patient exhib-
ited pronounced dyskinesia limited to the right side of the body, which has progressively wors-
ened over the past six years. 

Conclusions. The results are in line with specific variables of dyskinetic CP. This study empha-
sizes the challenges in diagnosing pediatric patients with unilateral dyskinesia during the early 
stages. Clinical features are evident; therefore, rehabilitation strategies should be selected ac-
cordingly. 

Cuvinte-cheie: 
dischinezie, unila-te-
ral, studiu de caz, rea-
bilitare. 

 

STUDIU DE CAZ. PARALIZIA CEREBRALĂ (PC) DISCHINETICĂ UNILATERALĂ 
IMPUNE O SCHIMBARE A CLASIFICĂRII PC?  

Introducere. Dischinezia unilaterală este o afecțiune neurologică rară, caracterizată prin 
mișcări involuntare, anormale pe o parte a corpului. La copii, înțelegerea prezentării sale 
clinice și a strategiilor de reabilitare adecvate vârstei este esențială pentru obținerea 
rezultatului scontat.  

Material și metode. În prezentarea de caz, a fost  efectuată o examinare aprofundată a unui 
băiat de 10 ani cu dischinezie unilaterală, diagnosticat anterior cu paralizie cerebrală spastică 
bilaterală. Pentru a documenta în mod cuprinzător starea pacientului, au fost efectuate eva-
luări neurologice, pediatrice extensive, inclusiv neuroimagistice, și evaluări clinice prietenoase 
pentru copii.  

Rezultate. Date la naștere: 39 de săptămâni de gestație, greutate – 3950 g, talie – 56 cm, pe-
rimetrul cranian – 36 cm, scor Apgar la 5 min. – 7, fără complicații legate de naștere. Cu ajuto-
rul RMN s-au evidențiat leziuni ale ganglionilor bazali în putamen. Clasificările funcționale au 
indicat GMFCS II, MACS II, epilepsie, vedere normală, auz normal, EDACS I, scara de vorbire 
Viking III și dizabilitate intelectuală moderată. Pacientul pediatric a prezentat dischinezie pro-
nunțată, limitată la partea dreaptă a corpului care s-a agravat progresiv în ultimii șase ani.  

Concluzii. Rezultatele sunt în concordanță cu specificul PC dischinetice. Acest studiu subli-
niază provocările în diagnosticarea pacienților pediatrici cu dischinezie unilaterală în stadiile 
incipiente. Caracteristicile clinice fiind evidente, strategiile de recuperare ar trebui selectate 
conform acestora. 
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INTRODUCTION 

Dyskinetic cerebral palsy (CP), a subtype of cere-
bral palsy marked by uncontrolled, irregular 
movements, arises from damage to the extrapy-
ramidal regions of the brain responsible for move-
ment coordination. This particular form of CP is 
relatively uncommon, constituting between 6% 
and 17% of all cerebral palsy cases (1, 2). Unilat-
eral dyskinesia, an unusual manifestation of this 
disorder, is characterized by involuntary move-
ments on one side of the body and presents 
unique management challenges. Children with 
dyskinetic CP generally experience more severe 
motor impairments and are more likely to have 
associated disabilities compared to those with 
spastic CP (3, 4). Recognized risk factors for dys-
kinetic CP include sentinel events during child-
birth, and characteristic lesions in the basal gan-
glia and thalamus are typically observed in neu-
roimaging (4, 5). Despite a general decline in the 
overall birth prevalence of CP in high-income 
countries (6) over the last two decades, data indi-
cates an increase in the prevalence of dyskinetic 
CP in Europe from the 1970s to the 1990s (7 – 12). 
It's uncertain whether the observed decrease in 
dyskinetic CP prevalence from 2005 to 2010 rep-
resents a sustained trend or a temporary dip. The 
rise in dyskinetic CP's birth prevalence towards 
the late 20th century (7), concurrent with the sta-
ble prevalence of spastic quadriplegic CP despite 
significant advances in obstetric and perinatal 
care, suggests that these CP subtypes predomi-
nantly originate antenatally and are rarely pre-
ventable. This perspective was further supported 
in 1998 when an international consensus state-
ment identified dyskinetic CP or spastic quadri-
plegic CP as key criteria for defining an acute in-
trapartum event (13). Understanding and pre-
venting dyskinetic CP remains complex and chal-
lenging. Given its severity and resistance to treat-
ment, a comprehensive, multi-disciplinary ap-
proach is essential for the effective management 
and support of individuals with this condition.  
 
CASE PRESENTATION 

In this study, we conducted an in-depth examina-
tion of a 10-year-old boy with unilateral dyskine-
sia, previously diagnosed with bilateral spastic CP. 
Extensive pediatric neurological assessments, in-
cluding neuroimaging and child-friendly clinical 
evaluations, were performed to comprehensively 
document the patient's condition. 

1. Birth data 
Born in 2013 at a level II hospital, the pregnancy 
was the first, and it resulted in a single birth. The 
gestational age was 39 weeks, with a weight of 
3980 g, length of 56 cm, head circumference of 36 
cm, chest circumference of 34 cm, and abdomen 
circumference of 33 cm. The APGAR score was 
4/7. The birth was through caesarean section due 
to hypoxia caused by a circular umbilical cord 
around the neck. The newborn was transferred to 
a tertiary level hospital on the same day and was 
hospitalized for 14 days in intensive care. The di-
agnosis at birth was moderate asphyxia and cere-
bral ischemia grade I-II, along with a convulsive 
syndrome. The child underwent repeated rehabil-
itation treatments and on 15.05.15, Botulinum 
Toxin Type A (Dysport) 200 IU was administered. 

2. Clinical and paraclinical evaluations: 
1. Cerebral Computed Tomography 2015 - cysti-
form dilatation of the cistern magna is deter-
mined. 2. Electroencephalography (EEG). During 
artifact-free periods, disorganized brain bioelec-
tric activity is noted, without pathological interhe-
mispheric asymmetry and epiphenomena. Func-
tional probe reactivity attenuated. 3. M-Echo, 
12.2023 structural averages are not deviated 
LS=LD=61mm Ventricle III=3 mm 4. Nuclear Mag-
netic Resonance (NMR), 2015 - Lesions of the ba-
sal ganglia in the putamen 5. Ophthalmologist 
consultation-07.2015 F.O. Moderate dilated veins, 
03.2019 F.O. No changes. 

3. Current functional assessments 

3.1. Neurological status: 
During the first year of life with a delay in motor 
development: the child was not sitting at 6-8 
months, at 1.5 years he was not walking. At the 
age of 1 year, the diagnosis of Cerebral Palsy in 
the form of Spasticity was established. Since birth, 
he has had seizures, treated with Clonazepam. 
Last seizure 2 years ago. Last treatment in 
12.2023. Hypertonic muscle tone, emphasis on 
the left. Bilateral muscle strength in upper limbs 
slightly diminished D=S=4p. In the bilateral lower 
limbs proximally 3 points; distal flexion 4 points; 
extension 2 points. ROT live superior D=S, infe-
rior: patellar -exaggerated; Achilles-D=S; Babin-
ski positive bilaterally, more pronounced on the 
left side. Unstable Romberg pose, the coordina-
tion tests performed with more pronounced  inac-
curacy on the right (when performing the index- 
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nose test, a tremor appears in the right hand). 

3.2. Speech therapist evaluation 
Dysarthria, global language disorders grade II. Vi-
king speech scale III. EDACS (Eating and Drinking 
Ability Classification) level I. 

3.3. Psycho-pedagogue evaluation 
Purpose and objectives - training and develop-
ment of attention. Conclusion - the cognitive level 
does not correspond to the chronological age, 
IQ=62. 

3.4. Gross motor function evaluation 
The patient is diagnosed with Cerebral Palsy, bi-
lateral spastic form. After a more detailed analysis 
of the gross motor function and the biped move-
ment pattern, the patient presents a mixed form - 
spatial form on the left side and dyskinetic - on the 
right. The patient experiences difficulties while 
moving, finding it hard to maintain balance with a 
swaying, inclined movement on the left side. 
While walking, the child stabilizes the right leg 
with the left upper limb. During movement with 
the legs, they go into more pronounced hyperex-
tension on the right, and the patient has an asym-
metrical posture with an inclination on the left 
side. Movement control is better in the left hemi-
sphere. Gross Motor Function Level II (GMFCS II). 

3.5. Assessment of fine motor function 
While performing simple abduction and adduc-
tion movements, the patient demonstrates more 
concrete, coordinated, and precise movement 
with the left hand than with the right. The left side, 
being spastic, is better controlled by the patient 
than the right side, which is dyskinetic. When 
reaching for a fitball, the right hand is placed 
ahead of the left. When holding the ball, the left 
hand is placed below, the right above, and the 
head looks to the right. When holding an object 
with the left hand, the right hand goes into abduc-
tion, supination, and dorsiflexion, which demon-
strates that the extrapyramidal system is dam-
aged, and the brain eliminates the presence of the 
right hand. However, if asked to hold his hand 
close to his body, he struggles, and movements 
with his left hand become clumsier. With his right 
hand, he can only grasp and hold objects the size 
of a ping-pong ball and then throw it. The interdig-
ital grip and the terminal opposition grip cannot 
be performed with the right hand. With the left 
hand, he performs prehension through terminal 
opposition only with the ring finger and the little 

finger, and with the index and the medius only by 
sub-terminal opposition. When building a wall 
with blocks, he holds the pieces very tightly with 
his right hand due to the lack of co-contraction, 
while with his left hand he makes an effort to join 
the pieces. Fine movements of the hand and fin-
gers are performed with difficulty and may be ac-
companied by intentional tremors. Manual Ability 
Classification (MACS) level II. 

Lower limbs 
Standing and walking are achieved with a large 
base of support. During the orthostatic position, 
support is performed only on the left leg, with the 
right leg initially lifted and then the heel lowered. 
The patient cannot maintain a standing position 
without movement for more than 3 seconds. Due 
to the lack of coordination of the activity of ago-
nists, antagonists, and synergists, movements be-
come uncontrolled and are carried out with high 
amplitude. This results in a “mowing gait” charac-
terized by an abduction pattern along with dorsi-
flexion and eversion of the leg, and as compensa-
tion, hyperextension of the hip and knee. In activ-
ities of daily living (ADL), all actions are per-
formed with the left hand, with the right hand not 
involved in the action. During dressing and un-
dressing, the left hand engages and dresses the 
right hand, while the right hand is put aside, with 
the feet fixed on the floor. When putting on and 
taking off pants, socks, and shoes, coordinating 
the right leg is difficult. He manages, with diffi-
culty, to fasten and unfasten buttons, and can eas-
ily unfasten and fasten zippers. 
 

DISSCUSIONS 

When conducting the rehabilitation process for 
dyskinetic cerebral palsy, whether it is unilateral 
or bilateral, it must be customized to fit each per-
son's individual needs, abilities, and limitations. 
However, there are some general differences in 
the rehabilitation approach between the two 
types: 

Unilateral Dyskinetic Cerebral Palsy: 1. Specific Fo-
cus: Rehabilitation will often be more focused on 
the part the affected body, which allows an inten-
sive concentration on improving the function and 
coordination of that part. 2. Physical and Occupa-
tional Therapy: It will be aimed at improving 
strength, flexibility, and coordination of the af-
fected body part. Exercises and activities are often 
designed to stimulate the use of the affected limb  
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and to encourage the development of fine and 
gross motor skills. 3. Use of Assistive Equipment: 
May be required on the affected side, such as or-
thotics or other support devices, to improve align-
ment and operation. 4. Compensatory Strategies: 
Patients can learn to use more effectively the un-
affected side of the body to compensate and per-
form daily activities. 

Bilateral Dyskinetic Cerebral Palsy: 1. Broad Ap-
proach: Rehabilitation requires a more global ap-
proach because both parts of the body are af-
fected. This involves more coordination complex 
and careful planning to address the needs on both 
sides of the body.2. Physical and Occupational 
Therapy: This will aim to improve motor control, 
strength, and coordination on both sides of the 
body. Therapists may use a variety of techniques, 
including whole-body exercises, activities involv-
ing both hands and feet, and relaxation techniques 
to  control  involuntary  movements.  3.  Extensive  

Adaptations in Daily Life: Due to bilateral involve-
ment, a wider range of assistive equipment and 
modifications of the home or school environment 
may be necessary to facilitate independence and 
safety. 4. Management of Involuntary Movements: 
Complex approaches may be required for manag-
ing uncontrolled movements, including medica-
tion, therapy with controlled movement, and in 
some cases, surgery. 

Common Considerations: 1. Speech and Language 
Therapy: Both types can benefit from speech and 
language therapy, especially if facial muscle con-
trol is affected and coordination is needed for 
speech and eating. 2. Psychosocial Support: Emo-
tional and psychological support is crucial in both 
cases, as cerebral palsy can have a significant im-
pact on self-esteem, independence, and quality of 
life. 3. Multidisciplinary Approach: A multidisci-
plinary team involving doctors, therapists, educa-
tors, and other specialist services is essential to 
provide comprehensive care. 

 

CONCLUSIONS 

1. The results are in line with specific variables of dyskinetic CP. This study emphasizes the chal-
lenges in diagnosing and rehabilitating pediatric patients with unilateral dyskinesia during the 
early stages. In conclusion, although there are common basic principles in CP rehabilitation, the 
specific approaches and intensity of interventions may vary considerably between unilateral and 
bilateral cases.  

2. An individualized assessment is essential for creating a personalized treatment plan to effectively 
address each person’s needs and goals. 
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Introduction. The population of all countries of the world was affected by the COVID-19 pan-
demic, but the most severe consequences were for low- and middle-income countries (LMICs). 
Following Russia’s invasion of Ukraine, there have changes in people’s attitudes to the chal-
lenges posed by the COVID-19 pandemic. The aim is to study the attitude of young people to 
the problem of COVID-19, influenza, and other upper respiratory infections (URI) during the 
war in Ukraine. Material and methods. The materials consist of the results of an online survey 
of young people in Chernivtsi and neighboring regions of the western part of Ukraine in 
2023/2024 (N=269). The methods of sociological analysis, descriptive statistics, pair correla-
tion, and logistic regression using PIVOT and SPSS were applied. Results. According to the 
results, 65.1% of respondents suffered from COVID-19, with 70.3% of them being vaccinated. 
During the pandemic, only 4.2% of respondents admitted that they did nothing to prevent in-
fection. Since the beginning of the war, this percentage increased to 43.2%, with an additional 
8.2% citing a lack of opportunity for prevention. At the end of the second year of the war, only 
25.7% of respondents expressed concern about COVID-19, influenza, and other URIs. A direct 
correlation was found between this concern and the problem of restricting men’s travel 
abroad during the pandemic (r=0.239), psychological issues (r=0.198), and financial problems 
(r=0.224) among females. Female anxiety was also influenced by job loss (r=0.152) and en-
gagement in activities such as volunteering in aid delivery to the front (r=0.288) and cooking 
food for soldiers (r=0.152). Significance was established at the 95% CI, p<0.05. Conclusions. 
At the end of the second year of the war, the situation with COVID-19, influenza and other URIs 
was a concern of only one in four respondents (25.7%), which was also associated with vac-
cination (70%) and a transmitted disease (65%). 
 

Cuvinte-cheie:         
COVID-19, pandemie, 
război, măsuri antie-
pidemice, Ucraina. 

 

SCHIMBĂRI ÎN ATITUDINEA TINERILOR FAȚĂ DE COVID-19, GRIPĂ ȘI ALTE INFECȚII 
ALE CĂILOR RESPIRATORII SUPERIOARE ÎN TIMPUL RĂZBOIULUI DIN UCRAINA   

Introducere. Populația tuturor țărilor lumii a fost afectată de pandemia COVID-19, îndeosebi 
cea din  țările cu venituri mici și mijlocii. Invazia Rusiei în Ucraina a indus schimbări în atitu-
dinea oamenilor față de provocările pandemiei COVID-19. Scopul prezentului studiu constă în 
elucidarea atitudinii tinerilor față de COVID-19, gripă și alte infecții ale căilor respiratorii su-
perioare în timpul războiului din Ucraina. Material și metode. Rezultatele unui sondaj online 
al tinerilor din Cernăuți și din regiunile învecinate din vestul Ucrainei din perioada 2023/2024 
(N269) au fost analizate aplicând metode de sociologie, statistici descriptive, corelație de pe-
rechi, regresie logistică folosind PIVOT, SPSS. Rezultate. Sondajul a arătat că 65,1% dintre 
respondenți au suferit de COVID-19, dintre care 70,3% au fost vaccinați. În timpul pandemiei, 
doar 4,2% dintre respondenți au recunoscut că nu au făcut nimic pentru a nu se infecta, iar de 
la începutul războiului – 43,2%, 8,2% din respondenți motivând inactivitatea de prevenț ie 
prin faptul că „nu există posibilitate”. La sfârșitul celui de-al doilea an de război, situația pri-
vind COVID-19, gripa și alte URI-uri a provocat îngrijorare doar pentru 25,7% dintre respon-
denți. În cazul bărbaților, o corelație directă a fost stabilită între această preocupare și res-
tricționarea călătoriilor bărbaților în străinătate în timpul pandemiei (r=0,239). Pentru femei 
mai acute sunt problemele psihologice (r=0,198) și financiare (r=0,224). Anxietatea femeilor 
a fost determinată și de pierderea locului de muncă (r=0,152), de livrarea de ajutoare pe front 
(r=0,288) și gătitul mâncării pentru soldați (r=0,152). Semnificația a fost aleasă la nivelul de 
95% CI, p<0,05. Concluzii. La sfârșitul celui de-al doilea an de război, situația  privind COVID-
19, gripa și alte infecții ale căilor respiratorii superioare era o preocupare doar pentru unul 
din patru respondenți (25.7%), fapt determinat de vaccinare (70%) și de caracterul transmi-
sibil al acestor afecțiuni (65%). 
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INTRODUCTION 

Previously, it was believed that low- and middle-
income countries (LMICs) faced a triple problem 
in healthcare, namely, major non-communicable 
diseases and road traffic accidents were added to 
the traditional infectious disease burden (1). 
However, the COVID-19 pandemic, against the 
background of the socio-economic crisis it caused, 
has made its own adjustments. It has deepened 
existing disparities between countries, posed 
challenges for management at various levels, and 
exacerbated the adverse effects of both communi-
cable and non-communicable diseases (2, 3). 

The WHO has emphasized that, although the 
COVID-19 pandemic has affected the populations 
of all countries around the world, the most severe 
consequences have been felt by those who were 
already in a vulnerable state, such as those with 
poorer health and less access to necessary quality 
healthcare. This group has suffered the most due 
to anti-epidemic restrictions, particularly in 
LMICs (4). Despite the fact that the COVID-19 pan-
demic is no longer considered a public health 
emergency of international concern, the disease 
continues to pose a serious threat to human 
health globally. With the pandemic now spanning 
four years, new strains of the virus are emerging, 
and WHO experts predict that it will persist for a 
significant period of time (5). The latest Human 
Development Report 2021/22 has highlighted 
the “stunning reality” of a two-year decline in the 
global Human Development Index (HDI) due to 
the COVID-19 pandemic, which has led to an un-
precedented synchronized multidimensional cri-
sis (6). Ukraine, despite belonging to the LMICs in 
terms of per capita income, has demonstrated an 
almost steady increase in the HDI since 1996. 
However, in 2020, progress gave way to regres-
sion, with the main factor being a reduction in life 
expectancy, primarily as a result of the pandemic 
(7). 

The situation in the country worsened signifi-
cantly when, amidst the COVID-19 pandemic, the 
Russian armed forces launched a large-scale inva-
sion of Ukraine on February 24, 2022. Civilian 
casualties increased, and large areas came under 
occupation. More than 15 million civilians were 
displaced within Ukraine or abroad (8). Military 
shelling of civilian objects continues in Ukraine. 
The humanitarian and psychological crises in ar-
eas near and far from the war zone worsened dur-
ing the winter of 2023 due to repeated bombard- 

ments of civilian infrastructure (9). 

Against the backdrop of military operations, the 
public's attitude toward disease prevention, com-
pliance with anti-epidemic measures, and their 
implementation face significant challenges. The 
purpose of our study was to examine the attitudes 
of young people toward COVID-19, influenza, and 
other upper respiratory infections (URIs) during 
the period of martial law in Ukraine. 
 
MATERIAL AND METHODS 

The materials were based on the results of an 
online survey of young people in Chernivtsi and 
nearby regions of the western part of Ukraine. 
The participants included students (3-6 years), 
graduates of Bukovinian State Medical University 
(BSMU), and individuals from other educational 
institutions. The survey, titled “Let’s summarize,” 
was conducted through a Google form from De-
cember 20, 2023, to January 03, 2024, and in-
volved 269 respondents, comprising 68 males 
and 201 females. For comparative analysis, the 
results of an online survey conducted by the Ptu-
kha Institute of Demography and Social Studies of 
the National Academy of Sciences of Ukraine in 
May 2022 were utilized. This survey encom-
passed 523 respondents (130 males and 393 fe-
males) from 16 educational institutions across 
various regions of Ukraine, aiming to investigate 
the impact of the COVID-19 pandemic and the 
Russo-Ukrainian war on the lives and health of 
students. The specifically designed “Let’s summa-
rize” questionnaire included questions about the 
most significant challenges young people encoun-
tered during the COVID-19 pandemic (2020/21), 
the full-scale invasion (from 02/24/2022), and at 
the end of the second year of the war (2023/24). 
A separate section addressed whether the current 
situation with COVID-19, influenza, and other up-
per respiratory infections as of early 2024 is a 
cause for concern. Respondents could choose 
multiple answers, and open-ended questions 
were also included. The research employed soci-
ological methods, descriptive statistics using 
PIVOT, as well as the method of pairwise correla-
tion, logistic regression, with the determination of 
the probability of an event (P) using the SPSS sta-
tistical program. Reliability was set at the 95% 
confidence interval with p<0.05. To compare the 
frequency of individual responses among males 
and females, the Student's t-test was used for rel-
ative values.
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RESULTS 

The respondents were requested to outline their 
individual challenges over the past 4 years in light 
of the COVID-19 pandemic and Russia’s full-scale 
invasion with the outbreak of hostilities in 
Ukraine. The socio-demographic characteristics 
of the respondents and significant events that oc-
curred in their lives during the war are detailed in 
Table 1. A majority of the respondents, constitut-
ing 92.2%, were young. Changes in the educa-
tional process (start/completion) were reported 
by 28.3% of respondents, while changes in em-
ployment were noted by 42.5%. Among those 
who found employment, 18.8% either lost their 
jobs or changed their field of activity. Addition-
ally, one in ten respondents initiated a family, and 
7.5% of female respondents gave birth to a child. 
According to the survey, a significant proportion 
of young people, up to 65.1% (64.7% males, 
65.2% females) had contracted COVID-19, as con-
firmed by testing and clinical examination. For 
comparison purposes, in the 2022 survey, 36.3% 
(37.7% of males, 35.9% of females) reported hav-
ing had the disease, confirmed by testing. At the 
time of the survey, 70.3% of respondents were 
vaccinated against COVID-19. 

In addition to health problems, the pandemic has 
also caused financial difficulties, as indicated by 
more than a quarter of respondents in both the 
2023/24 survey, with 25.3% (20.6% males; 

26.9% females), and in the 2022 survey with 
25.8% (23.1% males, 26.7% females). Financial 
problems associated with the spread of corona-
virus disease were found to be less significant 
than the same problems caused by the war, as re-
ported by 49.5% and 35.7% of respondents, re-
spectively. A correlation was found between fi-
nancial problems during the pandemic (2020-
2021) and feelings of anxiety about the situation 
with COVID-19, influenza, and other URIs in early 
2024 among females (r=0.224, p<0.01).  

A correlation was observed between the presence 
of psychological health complaints, encompassing 
mood swings, stress, and depression, at the time 
of the survey and the financial problems that ex-
isted at the beginning of the war among males 
(r=0.286, p<0.05) and females (r=0.174, p<0.05). 
Financial problems during the 2020-2021 pan-
demic were found to be important for females’ 
psychological health (r=0.289, p<0.01). 

According to the results of the 2023/24 survey, 
82.5% of respondents reported significant prob-
lems during the COVID-19 pandemic (2020-
2021). The structure of these problems was pre-
dominantly associated with the restriction of 
usual communications, movement within the 
country, and foreign travel, accounting for 47.7% 
in total. A slightly smaller share (40.8%) was at-
tributed to psychological problems, including fear 
of death, safety, and the health of relatives (fig. 1). 

 

 

Figure 1. The structure of problems that occurred during the COVID-19 pandemic (2020-2021) ac-
cording to respondents (survey 2023/24). 

 
Psychological problems during the war were 
more relevant than during the pandemic and ac-
counted for 58.5% of the structure. At the same 
time, the share of  problems  related  to  the  restri- 

ction of usual communications and movement de-
creased from the beginning of the pandemic to 
29.2% during the war (fig. 2). 
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Table 1. Socio-demographic characteristics of respondents. 

Determinants Quantity Percentage (%) 
Total 269 100 
Males 68  25.3 
Females 201 74.7 

Age 
 

18-24 209  77.7 
25-44 39 14.5 
45 and older 21 7.8 

Education 
 

Higher 85  31.6 
Incomplete higher  126  46.8 
Secondary specialized 32  11.9 
Secondary 26 9.67 

Studying 
 

Total 211  78.4 
Males 52  76.5 
Females 159 79.1 

Working 
 

Total 133 49.4 
Males 40 58.8 
Females 93 46.3 

Working with those who 
are studying 

Total 88 41.7 

Males 25 48.1 
Females 63 39.6 

During the period of mar-
tial law 

Total  46  17.1 

Males 6 8.8 
Females 40 19.9 

Completed  
studying 

Total 30  11.2 
Males 4  5.9 

Females 26  12.9 

Started a family 

Total 28  10.4 

Males 5  7.4 

Females 23  11.4 

Found employment 

Total 69  25.7 

Males 16  23.5 

Females 53  26.4 

Lost a job 

Total 19  7.1 

Males 6  8.8 

Females 13  6.5 

Changed their field of ac-
tivity 

Total 26  9.7 

Males 10  14.7 

Females 16  8.0 
 

Financial problems had almost the same share in 
the structure of complaints – 11.5% during the 
pandemic and 12.3% at the beginning of the war, 
with no statistically significant difference be-
tween males and females. 

Among all COVID problems (593), each respond-
ent named an average of two (2.2), while since the 
beginning of the war, 780 have been named, with 
an average of three (2.9).  

The frequency of psychological problems differed  

significantly. During the war, they were reported 
more often than during the 2020-21 pandemic, 
with more than twice as many females (77.1% vs. 
34.8%) and three times as many males (52.9% vs. 
17.6%). The concern for the safety and mental 
health of relatives during the war was also twice 
as significant to respondents (51.7% vs. 26.4%) 
compared to during the pandemic. During the 
pandemic, psychological problems in various 
manifestations, including the fear of death, safety, 
and mental health of relatives, affected the vast 
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majority of respondents (59.5%, comprising 
42.6% males and 65.2% females), but the impact 

of the war surpassed this, affecting 84.8% of re-
spondents (66.2% males and 91.0% females). 

 

 

Figure 2. The structure of problems that occurred during the full-scale Russian invasion (from 
02/24/2022) according to respondents (survey 2023/24). 

 
According to a survey of students in higher edu-
cation institutions in Ukraine at the beginning of 
the war in 2022, the vaccination rate was 69.6% 
(with 70% among males and 69.5% among fe-
males). Trust in vaccines and vaccination was ob-
served in 51.6% of respondents, with an addi-
tional 18.0% being immunized on demand. Prior 
to the war, students were meticulous in following 
anti-epidemic measures against COVID-19: 
89.1% (87.7% males, 89.6% females) used masks 
in public places, 73.4% (68.5% males, 75.1% fe-
males) frequently and thoroughly washed their 
hands or regularly disinfected them, 36.5% 
(35.4% males, 36.9% females) limited their 
movements and avoided unnecessary outings. 
Students often ventilated the room they were in 
for an extended period (44.7%, with 36.9% males 
and 47.3% females), maintained social distance 
(49.3%, with 44.6% males and 50.9% females), 
avoided crowds and public events (55.3%, with 
55.4% males and 55.2% females), and did not use 
public transport, preferring to walk when possi-
ble (40.0%, with 40.0% males and 39.9% fe-
males). Only 4.2% of respondents (4.6% males, 
4.1% females) admitted to doing nothing to pre-
vent infection. 

With the outbreak of war, the attitude towards 
the implementation of anti-epidemic measures 
has changed: 43.2% (44.6% males, 42.7% fe-
males) answered “no action.” Another 8.2% 
(10.8% males, 7.4% females) added “no possibil-
ity.” Partial measures could be taken by 35.0% of 
respondents,  with  fewer  males  (22.3%)  than fe- 

males (39.2%) (t=3.84, p<0.001). However, 
13.2% of respondents did not change their infec-
tion prevention actions since the beginning of the 
war, with more males (22.3%) than females 
(10.2%) (t=3.06, p<0.01). 

As a result, at the end of the second year of the 
war (1 year and 10 months), the situation with 
COVID-19, influenza, and other URIs was a con-
cern for only one in four respondents (25.7%), 
with females (27.9%) expressing this concern 
more often than males (19.1%) (t=2.13, p<0.05). 
A direct correlation was found between male anx-
iety about the situation with COVID-19, influenza, 
and URIs and the problem of restricting travel 
abroad during the 2020/21 pandemic (r=0.239, 
p<0.05) and an inverse correlation with continu-
ing education during this period (r=-0.259, 
p<0.05). Male anxiety was also influenced by the 
reassessment of the importance of preserving 
their own health and that of their loved ones dur-
ing the war (r=0.238), with an error probability of 
5.1%. 

There was a correlation between female anxiety 
about the situation with COVID-19, influenza, and 
other URI and psychological problems that arose 
during the 2020/21 pandemic (r=0.198, p<0.01), 
except for financial problems, which have already 
been discussed. Female anxiety was also influ-
enced by job loss (r=0.152, p<0.05), volunteering 
in the form of participation in the delivery of aid 
to the front (r=0.288, p<0.01), and cooking 
(r=0.152,   p<0.01).  A  correlation  was  found  bet-
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ween the presence of psychological complaints in 
females at the time of the survey and anxiety 
about COVID-19, influenza, and other upper res-
piratory infections (r=0.163, p<0.05). When ap-
plying logistic regression, a statistically signifi-
cant inverse characteristic was found to be mas-
tery of first aid skills. Thus, with a high probability 
(P=0.99%), the concerns of female respondents 
about the current situation can be described as 
follows: Z = -8.220 + 1.21a – 0.728b + 2.030c, 
where а - financial problems during the 2020/21 
pandemic; b – mastering first aid; c - participation 
in the delivery of aid to the front line. 
 
DISCUSSIONS 

The online survey of young people in Chernivtsi 
and nearby regions of the western part of Ukraine 
successfully complements the previous 2022 
study of students studying at higher education in-
stitutions in various regions of Ukraine. The aim 
is to explore the most significant challenges faced 
by young people during the COVID-19 pandemic 
(2020/21) and Russia’s full-scale invasion of 
Ukraine. This study aligns with a survey con-
ducted by the independent think tank Cedos in 
Ukraine among the civilian population (10, 11, 
12).  

The research results revealed that in Ukraine 
(across most of its regions), unlike other LMICs, 
challenges arising from the war distort commonly 
accepted strategies for combating infectious dis-
eases. The population, particularly young people, 
struggle to adhere fully to anti-epidemic 
measures across all territories. During the war, 
psychological concerns displaced fears of the pan-
demic. Psychological issues during the pandemic 
may lose their relevance in retrospect, potentially 
impacting the survey results in late 2023 and 
early 2024. Challenges related to communication 

and transportation decreased to 29.2% due to ad-
aptation to the current situation. The smaller pro-
portion of financial issues in the survey con-
ducted among students and graduates of BSMU 
was attributed to the survey being conducted in 
the relatively less war-affected territory of Buko-
vyna. 

At the time of the survey, 70.3% of respondents 
were vaccinated against COVID-19, which could 
have reduced the fear of getting sick, but was not 
statistically significant. This may be due to the fact 
that a significant number of students had already 
had these infections at the time of the survey. For 
example, the inverse correlation showed that 
male students were less likely to be concerned 
about the situation with COVID-19, influenza, and 
other URI. Young people seemed to have moved 
on from COVID-19 as an experience. In the com-
ments to the questionnaire, we read: “Why ask 
about COVID-19? Are you looking to resume it?” 
Female anxiety regarding the situation with 
COVID-19, influenza, and Upper Respiratory In-
fections (URI) was influenced by job loss (effec-
tively a financial problem) and volunteering, 
manifested through participating in delivering 
aid to the front lines and cooking (effectively 
demonstrating concern for the health and safety 
of soldiers). Studies among Czech university stu-
dents [12] associated the female gender with 
higher levels of anxiety and depressive symp-
toms. Logistic regression identified an additional 
stress reduction factor: mastering first aid skills. 
Among males, this supportive component could 
be characterized as a reassessment during the 
war of the importance of preserving their own 
health and that of their loved ones. Consequently, 
more males (22.3%) than females (10.2%) did 
not alter their actions to prevent COVID-19 since 
the beginning of the war (p<0.01). 

 

CONCLUSIONS 

1. At the end of the second year of the war, the situation with COVID-19, influenza, and other URIs 
concerned only one in four respondents (25.7%), and no statistically significant relationship was 
found between experiences and vaccination (70%) or past illnesses (65%).  

2. The psychological challenges faced by young people in Ukraine during the war (84.8%) overshad-
owed those caused by the pandemic (59.5%), leading to adverse changes in compliance with 
COVID-19 anti-epidemic measures in the initial months of the war. Notably, 43.2% of respondents 
reported engaging in no preventive activities. 

3. A weak direct correlation was observed between the concerns of males about the situation with 
COVID-19, influenza, and URIs during the war (2023/24 survey) and the problem of restricting 
travel abroad during the 2020/21 pandemic (r=0.239, p<0.05). Additionally, there was an inverse  
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correlation with the pursuit of continuing education during the survey period.  

4. There is a weak direct correlation between females' concerns about the situation with COVID -19, 
influenza, and other URIs and various factors, which include psychological issues (r=0.198, p<0.01), 
financial problems (r=0.224, p<0.01) arising during the 2020/21 pandemic, job loss (r=0.152, 
p<0.05), volunteering in the form of participation in the delivery of aid to the front (r=0.288, 
p<0.01), cooking (r=0.152, p<0.01), and the presence of psychological complaints at the time of the 
survey (r=0.163, p<0.05). 
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Introduction. Antimicrobial resistance is a critical global issue, and the demand for new 
drugs is urgent. The current model of antimicrobial discovery is not providing sufficient new 
agents to address current levels of antimicrobial resistance. In this study, we aim to  assess 
the antimicrobial activity of recently synthesized chemical compounds and spirulina ex-
tracts, along with their associative effects. 

Material and methods. It is an experimental study, which includes seven newly synthesized 
chemical compounds and three extracts from Spirulina platensis. 

Results. The in vitro results of the present study determined the MIC values of chemical com-
pounds and spirulina extracts against gram-negative, gram-positive microorganisms, and 
fungi of the genus Candida. The optimal combination of two compounds can enhance bene-
fits over time and minimize side effects. The synergistic or partially synergistic effects of bi-
ological compounds in conjunction with chemical compounds strongly corroborated this as-
sertion. Time-kill curves and FICI scores confirmed the ability of the compounds to synergis-
tically reduce the microbial count below the lowest detectable limit within 24 hours. 

Conclusions. Our study offers a potential therapeutic option for antibiotic-resistant micro-
bial agents by combining natural extracts with a variety of chemical compounds from differ-
ent classes. The results of the present study are promising, and this knowledge holds poten-
tial utility for the development of future therapeutic strategies. 

Keywords: chemical compounds, biological compounds, synergistic action, antimicrobial 
action. 

Cuvinte-cheie: com-
puși chimici, compuși 
biologici, acțiune si-
nergică, acțiune anti-
microbiană. 

 

ACŢIUNEA SINERGICĂ A COMPUŞILOR CHIMICI ŞI A EXTRACTELOR DIN SPIRULINĂ   

Introducere. Rezistența la antimicrobiene reprezintă o problemă globală gravă, de aceea 
obținerea unor noi remedii cu acțiune antimicrobiană este o urgență. Modelul actual de des-
coperire a antimicrobienelor nu furnizează agenți noi, suficienți pentru combaterea nivelu-
rilor actualre de rezistență la antimicrobiene. În acest studiu ne-am propunem să evaluăm 
activitatea antimicrobiană a unor compuși chimici noi sintetizați și a extractelor din spiru-
lină, precum și efectele asociative ale acestora. 

Material și metode. În prezentul studiu experimental au fost testați șapte compuși chimici 
noi sintetizați și trei extracte din Spirulina platensis. 

Rezultate. In vitro au fost determinate valorile CMI ale celor șapte compuşi chimici noi sin-
tetizați și a trei extracte din spirulină împotriva microorganismelor gramnegative, grampo-
zitive și a micetelor din genul Candida. Combinația adecvată a doi compuşi poate măr i be-
neficiile în timp şi minimaliza reacțiile adverse. Efectele sinergice sau parțial sinergice ale 
compușilor biologici în combinație cu compușii chimici au susținut acest efect. Curbele de 
omorâre în timp și scorurile FICI au confirmat capacitatea compușilor testasți de a reduce 
sinergic numărul de microorganisme sub cea mai mică limită detectabilă în 24 de ore.   

Concluzii. Studiul oferă o opțiune terapeutică potențială pentru agenții microbieni rezis-
tenți la antibiotice prin combinarea extractelor naturale și a compușilor chimici din diferite 
clase. Rezultatele obținute sunt promițătoare și pot fi utile pentru dezvoltarea v iitoarelor 
strategii terapeutice.    
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INTRODUCTION 

Bacterial resistance to conventional antimicrobi-
als has become a significant and life-threatening 
issue worldwide, imposing a substantial eco-
nomic burden on healthcare systems. 

Over the recent decades, the number of antimi-
crobial-resistant bacteria has increased dramati-
cally due to the widespread use of antibiotics (1, 
2). Despite the emergence of new antibiotics with 
different mechanisms of action, the process of 
drug discovery and development typically spans 
between 10 and 17 years, with a success rate be-
low 10% (3). Furthermore, while new single-tar-
get antimicrobials are widely used, new antibi-
otic-resistant strains will inevitably arise. 

This ever-growing challenge makes the discovery 
of new antibiotics inevitable, as well as the devel-
opment of new alternative approaches. Increased 
attention among these alternative approaches 
has been given to antimicrobials combined with 
plant extracts. The latter approach, namely, the 
combination therapy or synergistic therapy used 
in combating resistant microorganisms can lead 
to new ways of treating infectious diseases, which 
is likely to outline a potential area for future in-
vestigations. Combination therapy is also efficient 
in patients with severe infections caused by anti-
biotic-resistant pathogens. Synergism consists of 
intensifying the pharmacodynamic effects of two 
or more associated compounds (4). 

Combination therapy is the most common empir-
ical treatment recommended in cases of bacterial 
infections within intensive care units, where 
monotherapy may not be effective against all the 
potential disease-causing pathogens. Moreover, 
combination therapy may reduce the drug dosage 
and thus minimize the side effects, which might 
result in overcoming the toxicity problem and the 
spread of resistant microbial strains (5). 
 

MATERIAL AND METHODS  

Chemical compounds 
The study included the following chemical com-
pounds, which were synthesized at the Depart-
ment of Inorganic Chemistry, Department of 
Chemistry, at State University of Moldova: C1 
(C14H19CuN7O4S), C2 (C13H16Br2CuN4S), C3 
(C10H14CuN4O5S2), C4 (C13H17ClCuN4S), C5 
(C18H20CuN4O2S), C6 (C14H20N4S) and C7 
(C14H19ClCuN4S).  

ES1, ES2 and ES3 Spirulina extracts 
The biologically active complexes ES1, ES2 and 
ES3 extracts were obtained through a biotechno-
logical process from the cyanobacterial strain of 
Spirulina platensis CNMN CB-02 (Spirulina), 
stored within the National Collection of Non-
Pathogenic Microorganisms, at the Institute of Mi-
crobiology and Biotechnology.  

Spirulina biomass was obtained from a cyanobac-
terial growth culture and through controlled syn-
thesis of its biologically active compounds. Bio-
logically active complexes, encompassing free 
amino acids, oligopeptides, proteins, sulphated 
polysaccharides, and phospholipids, were ex-
tracted from the Spirulina biomass. These ex-
tracts were successively fractionated and purified 
by using benign solvents and techniques. Rele-
vant formulas were developed and standardized 
for complex compositions of extracts, based on bi-
ologically active complexes derived from Spir-
ulina biomass. All extracts were natural and de-
void of herbicides, toxins, or preservatives. 

ES1 spirulina extract is an amino acid/oligopep-
tide complex, which contains non-essential (gly-
cine, alanine, serine, cysteine, tyrosine, aspartic 
acid, glutamic acid, and proline) and essential 
amino acids (arginine, phenylalanine, histidine, 
isoleucine, leucine, lysine, threonine, tryptophan, 
and valine), being in their free state or combined 
in oligopeptides (up to 10kDa), as well as biologi-
cally functionalized macro- and microelements. 
In vitro tests were used for ES1 form, which is an 
alcoholic solution, having 10mg/ml of extract 
concentration and 50% of alcohol concentration. 
ES2 spirulina extract is a synergistic combination 
of amino acid/oligopeptide complex, sulfated pol-
ysaccharides, proteins, and biologically function-
alized macro- and microelements derived from 
spirulina. For the ES2 form, in vitro tests were 
conducted using an alcoholic solution with a con-
centration of 20 mg/ml of extract and 45% alco-
hol concentration.  

ES3 spirulina extract is a glycosidic carotenoid. In 
vitro tests were conducted using an 80% aque-
ous-ethanol solution. 

Microbial strains 
Microbial strains of Staphylococcus aureus ATCC 
25923, Bacillus subtilis ATCC 6633, Escherichia 
coli ATCC 25922, Pseudomonas aeruginosa ATCC  
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27853, Acinetobacter baumannii ATCC BAA-747, 
and Candida albicans ATCC 10231 were used in 
the study. The microbial strains were cultured on 
appropriate nutrient media at their optimum 
growth temperature. Overnight cultures of the 
bacterial strains were used for further investiga-
tions. 

Antimicrobial activity 
Serial culture dilutions were used to determine 
the antibacterial activity of the plant, allowing for 
the assessment of the minimum inhibitory con-
centration (MIC) and the minimum bacteri-
cidal/fungicidal concentration (MBC/MFC). MIC 
and MBC/MFC were determined using a discon-
tinuous gradient of extract concentrations tested 
in Muller-Hinton broth, followed by the addition 
of 100μL of bacterial suspension according to the 
0.5 McFarland turbidity standard. The tubes were 
then incubated at 35-37°C for 18-24 hours, and 
the MIC value was determined by macroscopic 
analysis of the tubes, based on the presence or ab-
sence of bacterial growth. MBC/MFC was deter-
mined by replicates of Muller-Hinton agar dilu-
tion. The MBC/MFC value represented the lowest 
concentration of extract that reduced the number 
of microbial colonies by up to 99.9% (6, 7). 

The negative control sample consisted of Muller-
Hinton broth containing the studied extracts, 
while the positive control sample involved Mul-
ler-Hinton broth inoculated with the studied mi-
croorganisms. All experiments were conducted in 
triplicate. 

Methods of synergy testing    
The combined antibacterial effects of two prepa-
rations were assessed using the checkerboard 
method, followed by the determination of the FIC 
index (Fractional Inhibitory Concentration). 
Stock solutions and double dilutions of each com-
pound were prepared in accordance with EUCAST 
recommendations immediately before testing (6). 
The assays were conducted in multiwell plates, 
with 50μL of Mueller-Hinton broth added per 
well. The first combined compound was serially 
diluted along the y-axis (y), while the second com-
pound was diluted along the abscissa axis (x). A 
suspension corresponding to the McFarland 0.5 
turbidity standard was prepared from the tested 
strain, and subsequently, 100 µL of microbial sus-
pension (5x105CFU / ml) was added to each well. 
The plates were incubated at 35°C for 24 hours 
aerobically. 

Fractional inhibitory concentration was calcu-
lated using the MIC of the combined compounds, 
as well as the MIC of each compound obtained 
through parallel testing, according to the follow-
ing formula: 

where, 
ΣFIC ₌ FIC (A) + FIC (B) 

𝐹𝐼𝐶 (𝐴) =   
 𝑀𝐼𝐶 (𝐴) 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛

𝑀𝐼𝐶 (𝐴) 𝑎𝑙𝑜𝑛𝑒
 

and 

𝐹𝐼𝐶 (𝐵) =  
𝑀𝐼𝐶 (𝐵) 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛

𝑀𝐼𝐶 (𝐵) 𝑎𝑙𝑜𝑛𝑒
 

The ΣFICI values were interpreted as follows: 
∑FIC ≤ 0,5 = Synergistic; 0,5 < ∑FICI ≤ 1 = Addi-
tive; 1 < ∑FICI ≤ 4 = Indifferent; ∑FIC > 4,0 = An-
tagonistic.  

Time-Kill Assay   
Time-Kill Assay enables the measurement of 
changes in the population of aerobic microorgan-
isms over a defined period in the presence of an-
timicrobial agents. The assay was conducted on 
S.aureus, E.coli and C.albicans strains, based on 
the aforementioned method with minor modifica-
tions (8). A saline suspension was prepared from 
an 18-24 hour microbial culture, by finally obtain-
ing an inoculum of 1 x 106 CFU/mL. This suspen-
sion was evenly distributed into four tubes: I tube 
(culture control sample) - Mueller Hinton broth; 
II tube - Mueller Hinton broth + 0.5×CMI extract; 
III tube - Mueller Hinton broth + 1xCMI extract; IV 
tube - Mueller Hinton broth + 2×CMI extract. The 
tubes were incubated at 35°C for 24 hours. 100µL 
from each tube was replicated on the plate me-
dium at specific intervals. Afterwards, the plates 
were incubated at 37°C for 24 hours and the 
CFU/plate was measured, followed by CFU/mL 
(the mean number of colonies multiplied by dilu-
tion). The tests were performed in triplicate 
(three independent experiments). 

Time-Kill curves were graphically represented by 
log10CFU mL−1 versus the 24-hour time period. 
Bactericidal activity (99.9% of killing) was de-
fined as a ≥3-log10CFU mL−1 reduction in the num-
ber of colonies from the initial inoculum. 

Statistical analysis 
Data are expressed as mean standard deviation. 
Statistical analysis involved a one-way analysis of 
variance (ANOVA). P<0.001 was considered to in-
dicate a statistically significant difference.  
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RESULTS  

The antimicrobial effect of chemical compounds 
and biologically active complex extracts derived 
from the cyanobacterium Spirulina platensis, 
namely ES1, ES2, and ES3, were observed during 
the initial stage of the present research. 

Based on this, we conducted in vitro assays to as-
sess  the  bactericidal  and  antifungal  effects  of  

 

seven new chemical compounds on gram-positive 
bacteria, gram-negative bacteria, and fungi of the 
genus Candida. The tests demonstrated that all 
chemical compounds exhibited superior bacteri-
cidal and bacteriostatic actions against gram-pos-
itive bacteria. In comparison to control drug prep-
arations (Furacillin and Miconazole), most com-
pounds were effective at lower doses (tab. 1).

Table 1. The antibacterial activity of chemical compounds against some microbial strains (µg/mL).  

Chemical 

compounds 
S. aureus B. subtilis A. baumannii E. coli P. aeruginosa C. albicans 

C1 
MIC 0.976 0.976 0.976 7.812 250 15.62 

MBC 1.953 0.976 1.953 15.62 500 31.25 

C2 
MIC 0.976 0.976 15.62 15.62 125 3.906 

MBC 1.953 1.953 31.25 31.25 250 7.812 

C3 
MIC 0.122 0.122 1.953 3.906 15.62 31.25 

MBC 0.244 0.244 3.906 7.812 31.25 62.5 

C4 
MIC 0.488 0.122 7.812 15.62 >500 1.953 

MBC 1.953 0.122 15.62 31.25 >500 31.25 

C5 
MIC 0.488 0.244 3.906 7.81 125 7.81 

MBC 0.976 0.488 7.812 15.62 250 15.62 

C6 
MIC 0.061 1.953 0.25 >500 >500 0.976 

MBC 0.244 3.906 0.50 >500 >500 1.953 

C7 
MIC 0.976 0.488 62.50 31.25 >500 7.812 

MBC 1.953 0.976 125 62.50 >500 15.62 

Furacillinum 
CMI 4.67 4.67 4.67  4.67 4.67  - 

MBC 4.67 4.67 9.35 4.67 9.35 - 

Miconazole 
MIC - - - - - 16.0 

MFC - - - - - 32.0 

Note: S. aureus (Staphylococcus aureus ATCC 25923); B. subtilis (Bacillus subtilis ATCC 6633); A. baumannii (Aci-
netobacter baumannii BAA-747); E. coli (Escherichia coli ATCC 25922); P. aeruginosa (Pseudomonas aeruginosa 
ATCC 27853); C. albicans (Candida albicans ATCC 10231). MIC – minimum inhibitory concentration; MBC – mini-
mum bactericidal concentration; MFC – minimum fungicidal concentration. 
 
C6 (S. aureus MIC 0.061 µg/mL), C4 and C5 (S. au-
reus MIC 0.488 µg/mL) were identified as the 
most active compounds against gram-positive 
strains. Compounds C6 (A. baumannii MIC 0.25 
µg/mL) and C1 (A. baumannii MIC 0.976) exhib-
ited a higher activity on gram-negative strains. 
Only four compounds were active against P. aeru-
ginosa strains, the most active being C3 (MIC 
15.62). 

C. albicans strain demonstrated sensitivity to all 
tested compounds, whereas C6 (MIC 0.976) and 
C4 (MIC 1.953) compounds showed a higher low-
dose activity. 

The  experimental  testing  of  the  biological  com- 

pounds showed that all extracts of S. platensis ex-
hibited promising antimicrobial activity against 
both gram-positive and gram-negative bacterial 
strains used in the present research (tab. 2). 

The ES3 extract exhibited a high antibacterial and 
antifungal activity compared to ES1 and ES2 ex-
tracts. The highest activity of ES3 extract was rec-
orded against B. subtilis strains (MIC 0.004 
mg/mL) and C. albicans strains (0.004 mg/mL), as 
well as against gram-negative bacillus strains, be-
ing active at MIC 0.009 mg/mL. The ES2 extract 
displayed bacteriostatic activity against all tested 
species at higher concentrations, compared to 
ES1 and ES3 extracts.   
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Table 2. The action of biologically active complex extracts of Spirulina platensis against some bacterial 
strains. 

Species 

ES1 ES2 ES3 Ampicillin 

MIC 

mg/mL 

MBC 

mg/mL 

MIC 

mg/mL 

MBC 

mg/mL 

MIC 

mg/mL 

MBC 

mg/mL 

MIC 

µg/mL 

Gram-positive bacteria 

S. aureus      
ATCC 25923 

0.625 1.25 2.5 5.0 0.018 0.037 0.08 

B. subtilis     
ATCC 6633 

0.156 0.156 2.5 5.0 0.004 0.004 0.078 

Gram-negative  bacteria 

P. aeruginosa 
ATCC 27853 

0.625 1.25 1.25 2.5 0.009 0.018 0.012 

E. coli  

ATCC 25922 
0.625 1.25 2.5 5.0 0.009 0.018 0.025 

A. baumanni 
BAA-747 

0,625 1.25 1.25 2.5 0.009 0.018 0.25 

Yeast 
MIC 

mg/mL 

MFC 

mg/mL 

MIC 

mg/mL 

MFC 

mg/mL 

MIC 

mg/mL 

MFC 

mg/mL 

Miconasole 

MIC µg/ml 

C. albicans  

ATCC 10231 
0.625 1.25 1.25 2.5 0.004 0.009 16.0 

 
Subsequently, the synergistic action of the chem-
ical compounds combined with the biological 
compounds was assayed on six reference strains. 
The determination of the Fractional Inhibitory 
Concentration Index revealed synergistic actions 
in 87.2% of cases, additive actions in 6.8%, and 
indifferent actions in 6.0%. The tested com-
pounds did not show any antagonistic relation-
ship (FICI> 4) (ta. 3).  

The testing of the chemical compound C1 com-
bined with three biological compounds revealed 
the synergism phenomenon in most cases, except 
for P. aeruginosa bacteria, where the additive and 
indifferent phenomenon were registered in com-
binations with ES1 and ES2, respectively. 

The C2 compound showed synergism against the 
tested bacteria in all combinations, with the ex-
ception of its combination with the ES2 com-
pound. In this particular case, an indifferent ac-
tion (FICI-1.56) was observed against the P. aeru-
ginosa strain. 

The C3 compound, in combination with biological 
compounds, exhibited synergistic action in 72.2% 
of cases, additive action in 22.2% of cases, and in-
different action in 5.6% of cases against the tested 
strains, whereas the C4 compound showed pre-
dominantly synergistic action (94.4%) and addi-
tive action in only 5.6% of cases. 

The C5 compound, when combined with ES2, 
showed indifferent action against E. coli and P. ae-
ruginosa strains. Additionally, when combined 
with ES1, it showed indifference against P. aeru-
ginosa strains only. 

C6 exhibited indifferent action against A. bau-
mannii strain when combined with ES2 and 
showed additive action in combination with ES1. 
On the other hand, the C7 compound, when com-
bined with ES2, revealed an additive effect against 
E. coli strains. 

The chemical compounds combined with the bio-
logical compound ES3 showed a synergistic ac-
tion against all tested bacterial species, except for 
C3 that showed additive effects (FICI 0.56) 
against P. aeruginosa strains.  

The minimum inhibition concentrations for the 
combined chemical and biological compounds re-
sulted in a 4 to 32-fold decrease in the MIC of the 
parent compound (tab. 4). The additive and indif-
ferent actions were particularly recorded against 
gram-negative bacilli and fungi of the Candida ge-
nus. 

To determine the synergistic activity of the chem-
ical compounds in combination with the biologi-
cal compounds, along with the treatment dura-
tion and efficiency on the viability of microbial 
cells, the time-kill behavior was assessed. 
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Table 3. Interaction between chemical compounds and biological compounds expressed by FICI.  

Tested com-
pounds 

S. aureus 
ATCC 25923 

B. subtilis 
ATCC 6633 

A. bau-
mannii BAA-

747 

E. coli  

ATCC 25922 

P. aeru-
ginosa 

ATCC27853 

C. albicans 
ATCC 10231 

C1 

ES1 0.35 (S) 0.12 (S) 0.5 (S) 0.32 (S) 0.61 (Ad) 0.32 (S) 

ES2 0.32 (S) 0.35 (S) 0.5 (S) 0.37 (S) 1.37 (I) 0.35 (S) 

ES3 0.35 (S) 0.12 (S) 0.40 (S) 0.32 (S) 0.5 (S) 0.32 (S) 

C2 

ES1 0.32 (S) 0.35 (S) 0.30 (S) 0.35 (S) 0.5 (S) 0.44 (S) 

ES2 0.35 (S) 0.35 (S) 0.30 (S) 0.35 (S) 1.56 (I) 0.5 (S) 

ES3 0.12 (S) 0.12 (S) 0.32 (S) 0.35 (S) 0.44 (S) 0.37 (S) 

C3 

ES1 0.37 (S) 0.35 (S) 0.32 (S) 0.32 (S) 0.75 (Ad) 0.5 (S) 

ES2 0.44 (S) 0.32 (S) 0.44 (S) 0.56 (Ad) 1.23 (I) 0.61 (Ad) 

ES3 0.32 (S) 0.12 (S) 0.25 (S) 0.32 (S) 0.56 (Ad) 0.44 (S) 

C4 

ES1 0.32 (S) 0.35 (S) 0.5 (S) 0.44 (S) 0.5 (S) 0.37 (S) 

ES2 0.37 (S) 0.32 (S) 0.5 (S) 0.5 (S) 0.84 (Ad) 0.44 (S) 

ES3 0.32 (S) 0.32 (S) 0.44 (S) 0.44 (S) 0.44 (S) 0.32 (S) 

C5 

ES1 0.32 (S) 0.25 (S) 0.32 (S) 0.5 (S) 1.23 (I) 0.44 (S) 

ES2 0.32 (S) 0.32 (S) 0.37 (S) 1.24 (I) 1.42 (I) 0.5 (S) 

ES3 0.30 (S) 0.35 (S) 0.25 (S) 0.44 (S) 0.5 (S) 0.37 (S) 

C6 

ES1 0.35 (S) 0.37 (S) 0.56 (Ad) NT NT 0.32 (S) 

ES2 0.32 (S) 0.44 (S) 1.07 (I) NT NT 0.37 (S) 

ES3 0.12 (S) 0.32 (S) 0.5 (S) NT NT 0.35 (S) 

C7 

ES1 0.35 (S) 0.25 (S) 0.44 (S) 0.5 (S) NT 0.39 (S) 

ES2 0.32 (S) 0.32 (S) 0.5 (S) 0.84 (Ad) NT 0.44 (S) 

ES3 0.32 (S) 0.25 (S) 0.37 (S) 0.44 (S) NT 0.35 (S) 

Note: Synergistic (S) actions- FICI≤0.5; Additive (Ad) actions - 0.5<FICI≤1; Indifferent actions (I) - 1<FICI≤4; An-
tagonistic actions (An) FICI>4; NT – not tested. 
 

Distinct time-kill profiles were recorded for each 
bacterial strain within 24 hours after inoculation. 
The results indicated no increase in the microbial 
strains tested in the first 30 minutes after inocu-
lation. However, variations in antimicrobial activ-
ity among the tested compounds or bacterial 
strains were observed over the subsequent 90 
minutes of incubation. No decrease in the number 
of CFUs was noted in the control tubes, and the 
use of chemical or biological compounds alone at 
a concentration of 0.5MIC did not induce bacterial 
death unless observed over 24 hours. 

The combined chemical and biological compo-
unds showed a significant reduction in the num-
ber of microorganisms. The combination of chem-
ical compounds with ES3 exhibited the best re-
sults on the tested species, as the microorganisms 
were killed over 8, 12, 16 and 20 hours. The com-
binations of 0.25MIC C1 + 0.25×MIC ES3 and 
0.25×MIC C2 + 0.25×MIC ES3 completely inhib-
ited the growth of S. aureus strains over 8 hours. 

The combinations of chemical compounds with 
the ES2 biological compound showed bactericidal 
action for 16 and 20 hours. Notably, only the com-
bination of ES3 with C2 displayed a bactericidal 
action against S. aureus strains over 8 hours. 

 

DISCUSSIONS 

Arthrospira platensis (also called Spirulina platen-
sis), one of the most well-known cyanobacteria 
produced on an industrial scale, has attracted the 
attention of researchers as a natural compound 
with therapeutic properties and potential antimi-
crobial effect (antibacterial, antifungal, and anti-
viral). During the investigation of Arthrospira 
platensis as a source of proteins, vitamins (such as 
vitamin B12 and provitamin A), and essential 
fatty acids such as γ-linolenic acid, biologically ac-
tive compounds with antimicrobial activity 
against some species of microorganisms were ob-
tained. Therefore, commercial production of spi- 
rulina  has  gained  importance  worldwide  due to 
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its multiple benefits. Spirulina can suppress the 
growth of several microorganisms due to its rich 
content of bioactive ingredients with antimicro-
bial activity. The effectiveness of spirulina ex-
tracts on microorganisms with multiple re-
sistance to antimicrobials was experimentally 
demonstrated. Their antimicrobial activity is at-
tributed to the presence of carbohydrates, phe-
nolic compounds, flavonoids, and tannins in their 

composition. One objective of this study was to in-
vestigate the antimicrobial activity of spirulina, 
and the results indicated that spirulina extracts 
have a greater potential to inhibit the growth of 
gram-positive bacteria compared to gram-nega-
tive bacteria. This effect can be attributed to the 
complicated structure of the cell wall (outer 
membrane) of gram-negative bacteria (9, 10, 11). 

 
Table 4. The synergistic antimicrobial effects of chemical and biological compounds  

against the reference strains. 

Tested com-
pounds 

S. aureus 
ATCC 25923 

B. subtilis 
ATCC 6633 

A. baumannii 
BAA-747 

E. coli  

ATCC 25922 

P. aeruginosa 
ATCC27853 

C. albicans 
ATCC 10231 

C1 

ES1 1/32C + 1/16B 1/32C +1/32B 1/4C + 1/4B 1/16C + 1/8B - 1/16C + 1/8B 

ES2 1/16C + 1/8B 1/32C +1/16B 1/4C + 1/4B 1/8C + 1/8B - 1/16C + 1/32B 

ES3 1/32C + 1/16B 1/32C + /32B 1/16C + 1/4B 1/8C + 1/16B 1/4C + 1/4B 1/16C + 1/8B 

C2 

ES1 1/8C + 1/16B 1/32C +1/16B 1/8C + 1/32B 1/32C + 1/16B 1/4C + 1/4B 1/8C + 1/4B 

ES2 1/16C + 1/32B 1/32C +1/16B 1/8C + 1/32B 1/16C + 1/32B - 1/4C + 1/8B 

ES3 1/32C + 1/32B 1/32C +1/32B 1/16C + 1/8B 1/32C + 1/16B 1/4C + 1/4B 1/8C + 1/8B 

C3 

ES1 1/8C + 1/8B 1/32C +1/16B 1/16C + 1/8B 1/16C + 1/8B - 1/4C + 1/4B 

ES2 1/8C + 1/4B 1/16C + 1/8B 1/4C + 1/8B - - - 

ES3 1/16C + 1/8B 1/32C +1/32B 1/16C +1/16B 1/16C + 1/8B - 1/4C + 1/8B 

C4 

ES1 1/16C + 1/8B 1/32C +1/16B 1/4C + 1/4B 1/4C + 1/8B 1/4C + 1/4B 1/8C + 1/8B 

ES2 1/8C + 1/8B 1/16C + 1/8B 1/4C + 1/4B 1/4C + 1/4B - 1/8C + 1/4B 

ES3 1/8C + 1/16B 1/8C + 1/16B 1/8C + 1/4B 1/8C + 1/4B 1/8C + 1/4B 1/16C + 1/8B 

C5 

ES1 1/16C + 1/8B 1/16C +1/16B 1/16C + 1/8B 1/4C + 1/4B - 1/8C + 1/4B 

ES2 1/8C + 1/16B 1/8C + 1/16B 1/8C + 1/8B - - 1/4C + 1/4B 

ES3 1/32C + 1/8B 1/32C +1/16B 1/16C + 1/8B 1/8C + 1/4B 1/4C + 1/4B 1/8C + 1/8B 

C6 

ES1 1/32C + 1/16B 1/8C + 1/8B  - NT NT 1/16C + 1/8B 

ES2 1/16C + 1/8B  1/8C + 1/4B - NT NT 1/8C + 1/8B 

ES3 1/32C + 1/32B 1/16C + 1/8B 1/4C + 1/4B NT NT 1/32C + 1/16B 

C7 

ES1 1/32C + 1/16B 1/16C +1/16B 1/8C + 1/4B 1/4C + 1/4B NT 1/4C + 1/16B 

ES2 1/8C + 1/16B 1/8C + 1/16B 1/4C + 1/4B - NT 1/4C + 1/8B 

ES3 1/8C + 1/16B 1/16C +1/16B 1/8C + 1/8B 1/8C + 1/4B NT 1/16C + 1/32B 

 

In recent years, the number of works dedicated to 
the research of coordination complexes has in-
creased significantly, which indicates the in-
creased interest of researchers in these chemical 
compounds. The main advantages of these com-
pounds are their homogeneity, stability, the pos-
sibility of exact dosing, the ease of assessing met-
abolic processes, as well as the strict observance 
of technological operations. Most of the studies 
emphasize the potential for controlling the prop-
erties and biological effects of these compounds 
(12, 13). 

Coordination chemistry remains one of the most 
important and current areas of inorganic chemis 

try. Of particular interest is the synthesis and 
study of the physico-chemical properties of coor-
dination complexes formed by transition metals 
with organic ligands. Ligands with a high coordi-
nation tendency form compounds with diverse 
compositions, structures, and properties. Due to 
their valuable biological activity, these com-
pounds are used in medical practice. Among them 
are heterocyclic thiosemicarbazones with anti-
bacterial, antifungal, antimalarial, and antiviral 
properties (14, 15). 

In recent decades, the development of new anti-
microbial drugs has been based on combining tra-
ditional antimicrobials with various  coordinating 
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compounds. The remarkable results of these stud-
ies have been confirmed by the intensification of 
activity and broadening of the spectrum of action 
when using compounds with both synergistic and 
cumulative effects, as well as the prevention of an-
timicrobial resistance. This approach also allows 
for the reduction of treatment doses, costs, and 
toxic side effects (16). 

The research of recent years has not only high-
lighted a new alternative in combating multire-
sistant microorganisms but has also suggested the 
possibility of restoring the antimicrobial effect of 
some antimicrobials previously categorized as in-
effective. Promising results have also been ob-
served when natural compounds with antimicro-
bial action were combined with synthetic antimi-
crobials. The combined use of natural and syn-
thetic antimicrobial compounds in the treatment 
of infectious diseases potentiates the antimicro-
bial spectrum, reduces the toxicity of some anti-
microbials, and prevents the development of anti-
microbial resistance (17, 18). 

Combination therapy is more effective in polymi-
crobial infections compared to monotherapy. An-
timicrobial remedies of natural origin, when used 

in combination with synthetic medicines, have 
shown a series of effective interactions, including 
the synergistic amplification of antimicrobial po-
tential and reduction of the adverse effects of syn-
thetic medicines. These synergistic effects of com-
bined medicines reduce therapeutic failures, in-
crease efficacy, and shorten hospital stays (19, 
20). 

The synergy of natural medicines combined with 
antimicrobials, particularly against microorgan-
isms prone to developing resistance, has been in-
vestigated by several researchers. Some have ob-
served that Berberis aetnensis leaf extracts signif-
icantly reduce the minimum inhibitory concentra-
tion of ciprofloxacin, thereby restoring its efficacy 
in the therapy of S. aureus, E. coli and P. aeruginosa 
infections. In another study, a significant increase 
in antimicrobial activity against multiresistant P. 
aeruginosa strains was demonstrated when anti-
biotics were combined with clove, jambolan, pom-
egranate, and thyme extracts. The use of clove-
ampicillin and clove-tetracycline combinations 
resulted in increased antimicrobial activity 
against K. pneumoniae and Proteus spp. strains 
(20). 

 

CONCLUSIONS 

1. All chemical and biological compounds included in the study have exhibited antibacterial and anti-
fungal activity at various concentrations.  

2. 87.2% of the combinations of chemical compounds with biological ones exhibited synergistic ac-
tions, while only 6.8% showed additive actions, and 6.0% were indifferent. Additive and indifferent 
effects were particularly observed on gram-negative bacilli and yeast-like fungi. No antagonistic 
actions were recorded when combining chemical compounds with biological ones. In combinations, 
the MIC for chemical and biological compounds decreased from four to 32 times compared to the 
MIC of individual compounds. 

3. When using chemical and biological compounds at a concentration of 0.25 times the MIC, in most 
cases, there was no recorded reduction in the number of microbial cells. However, when these com-
pounds were combined, the microorganisms were killed within 8-24 hours. The shortest time for 
microbial destruction (8-20 hours) was observed when combining chemical compounds with the 
biological compound ES3. 

4. This study presents a potential therapeutic option for antibiotic-resistant microorganisms by com-
bining natural extracts with a range of different classes of chemical compounds. The most effective 
approach to developing antimicrobials with minimal toxic or adverse side effects is through the use 
of natural products. 
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Introduction. The modern workplace requires workers to have broad cognitive and affec-
tive abilities. For continuous progress and societal improvement, students’ education plays 
a crucial role, and for this, students need a high level of cognitive abilities to apply in t heir 
learning activities, reflecting in their academic performance. There are several methods to 
stimulate cognitive abilities, which can be healthy, unhealthy, or a combination of both.  
The aim of the research is to identify and describe the methods used by students to stimulate 
cognitive abilities in their learning activities.   

Material and methods. Google Drive questionnaire. Sample -212 of respondents. 

Results. It was found that students prefer physical activities to stimulate their cognitive abil-
ities. The most common method is walking (45.7%), followed by workout (17.10%), and med-
itation (15.2%). They also engage in other activities such as swimming, outdoor games, prac-
ticing yoga, drawing, cooking, etc. At the same time, students have a high rate of consuming 
caffeinated beverages, with 30.50% drinking them systematically, 37.10% occasionally, and 
19% rarely. One-third of the respondents (30.5%) occasionally consume energy drinks, and 
11.4% rarely do so.  

Conclusions. Alongside healthy methods, students use many other quick and efficient ways 
to stimulate their cognitive abilities. The study results raise concerns about the students’ risk 
behavior, as some prefer unhealthy methods to stimulate their cognitive abilities in their 
learning activities.  

Cuvinte-cheie: capa-
citate cognitivă, acti-
vitate de învă-țare, 
stimulare, elevi. 

 

METODE DE STIMULARE A ABILITĂȚILOR COGNITIVE UTILIZATE DE ELEVI   

Introducere. Pentru obținerea de performanțe academice, elevii au nevoie de un nivel ridi-
cat de abilități cognitive pe care să le utilizeze în activitățile lor de învățare. Există mai multe 
metode de stimulare a abilităților cognitive ale elevilor care pot fi sănătoase  sau nesănă-
toase.  

Scopul cercetării. Identificarea și descrierea metodelor de stimulare a abilităților cognitive 
utilizate de elevi în activitatea de învățare.  

Material și metode. Chestionarul Google Drive a fost completat .de 212 respondenți.  

Rezultate. În urma analizei răspunsurilor din chestionare s-a constatat că elevii preferă ac-
tivitățile fizice pentru a-și stimula abilitățile cognitive, cele mai aplicate fiind mersul pe jos 
(45,7%), antrenamentul (17,10%) și meditația (15,2%). Urmează, în ordinea descreșterii 
preferințelor, înotul, jocurile în aer liber, practicarea yoga, desenul, gătitul etc. Printre 
preferințele elevilor se numără și băuturile cofeinizate, care sunt consumate sistematic 
(30,50%), uneori (37,10%) sau ocazional (19%). O treime dintre respondenți (30,5%) 
consumă băuturi energizante ocazional, iar 11,4% – rar.  

Concluzii. Pe lângă metode sănătoase, elevii folosesc multe alte modalități mai puțin 
sănătoase, dar rapide și eficiente de a-și stimula abilitățile congnitive. Rezultatele studiului 
ridică un motiv de îngrijorare cu privire la comportamentul de risc al elevilor care preferă 
metode nesănătoase de stimulare a abilităților cognitive în activitatea de învățare.  
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INTRODUCTION 

High cognitive abilities are becoming increasingly 
relevant in our highly competitive world. Often 
referred to as “21st century skills,” these abilities 
include being able to solve complex problems, 
think critically, communicate effectively across 
diverse cultures and using various techniques, 
work in collaboration with others, adapt to rap-
idly changing environments and conditions for 
performing tasks, effectively manage one’s work, 
and autonomously acquire new skills and infor-
mation (1). Both psychological and pedagogical 
theory and practice prove that extracting, struc-
turing, and organizing knowledge, along with de-
veloping skills to find solutions to problems by 
students, are possible only as a result of their in-
tensive cognitive activity. Common examples of 
cognitive activities are reasoning, thinking, per-
ceiving, listening, observing, etc. High-level cogni-
tive activities usually include problem-solving, 
decision-making, and sense-making that involve 
using and working with information (2). Cogni-
tive ability is closely associated with educational 
attainment, occupation, and health outcomes (3).  

The level of education directly influences cogni-
tive function by enhancing brain function, and in-
directly by encouraging individuals with higher 
education to engage in intellectually stimulating 
activities, thus preserving cognitive ability. Many 
efforts to enhance cognition are of a rather com-
monplace nature, with some practices dating 
back thousands of years. Education and training, 
for example, aim not only to impart specific skills 
or information but also to improve general men-
tal faculties such as concentration, memory, and 
critical thinking. Various forms of mental training, 
including yoga, martial arts, meditation, and cre-
ativity courses, are also commonly employed. Caf-
feine is widely used to improve alertness, and 
herbal extracts believed to improve memory, like 
Ginko Biloba, enjoy significant popularity, with 
sales amounting to several hundred million dol-
lars annually in the U.S.A. In an ordinary super-
market, numerous energy drinks are on display, 
appealing to consumers seeking to turbo-charge 
their brains (4). 

According to some authors (Chrisantus O. Brum-
boiu I, Porrovecchio A, Peze T, Hurdiel R, Cazacu 
I, Mogosan C, Ladner J, Tavolacci P.M.), students 
use various methods to stimulate cognitive ability 
in their learning activities, such as the kinesiology  

method, meditation method, maintaining proper 
sleep, keeping a healthy and balanced diet, use of 
prescription drugs (beta-blockers, modafinil, and 
methylphenidate), use of “soft enhancers” (caf-
feinated products, food supplements, and energy 
drinks), and use of “drugs of abuse” (alcohol, can-
nabis, cocaine, and amphetamines) (5, 6). 

As the discussion about stimulating cognitive 
abilities is widely covered in the literature, it has 
sparked empirical curiosity to know which spe-
cific methods students from our university use. 
Therefore, the aim of the study is to identify and 
describe the most common methods for stimulat-
ing cognitive abilities used by students in their 
learning activities. 
 

MATERIAL AND METHODS 

The study represents a descriptive, cross-sec-
tional research based on the collection, interpre-
tation, and evaluation of data. Research methods 
include bibliographic, statistical, and sociological 
approaches. A study was conducted among uni-
versity students aged 18 and above from the Re-
public of Moldova. University students were in-
vited by email to complete an online anonymous 
20-minute Google Drive questionnaire consisting 
of 15 questions. Respondents’ confidentiality was 
fully respected, as the Google Drive questionnaire 
did not collect emails. The criteria for respondent 
selection included student status, age above 18, 
and their agreement to respond to the questions. 
A total of 246 students responded to the question-
naire, but only 212 responses met the age criteria 
for inclusion in the research. Data about different 
methods for stimulating cognitive abilities 
(healthy or less healthy) were collected. All ques-
tions adhered to non-discriminatory and non-
harm principles. The data were analyzed through 
an Excel database, and conclusions were formu-
lated. 
 

RESULTS  

Students from various academic years partici-
pated in the survey, with the majority (75.5%) be-
longing to the second and third years of study. Out 
of the 212 respondents, 91.4% fell within the age 
range of 19 to 24, while 6.7% were older than 25, 
and the remaining were under 19. When queried 
about  the  time  allocated  to  their  learning  ac-
tivities  ,  46.7  %   of    student  s   reported    spending  
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3-4 hours on learning, 32.40% dedicated less than 

3 hours, and 21% spent more than 4 hours on 

learning. 

Out of 212 respondents, when asked about meth-
ods to stimulate or reinforce their cognitive abili-
ties in learning activities, 45.70% of students pre-

fer walking, 15.2% prefer meditation, 17.1% pre-
fer workouts, 2.90% of the students prefer swim-
ming as well as physical exercises, 7.60% of re-
spondents prefer outdoor games and activities, 
and 9.10% prefer to sleep or engage in other ac-
tivities such as drawing, cooking, or playing musi-
cal instruments (fig. 1).

 

Figure 1. Students’ preferred physical activities for stimulating cognitive abilities. 
 

An important factor for stimulating cognitive abil-
ities is sleep. Despite unanimous agreement 
among all respondents about the significant im-
pact of sleep, 53.3% of students sleep less than 7 
hours, 45.70% sleep for 7-9 hours, and only 1% of 
students reported sleeping for more than 9 hours. 

When asked about their consumption of caffein-
ated drinks while studying, students provided 
varied responses. Among respondents, 37.10% 
and 30.50% of students drink caffeinated drinks 
sometimes and systematically, respectively. Addi-
tionally, 19% of students prefer only occasional 
consumption, and 13.30% do not consume caf-
feinated drinks (fig. 2). 

When asked about the healthiness of their meals, 
more than half of the respondents (62.90%) per-
ceive their eating habits as average in terms of 
healthiness. Meanwhile, 23.80% of them 
acknowledge following a poor healthiness of eat-
ing habit, and only 13.30% of students believe 
they have a good level of healthiness in their eat-
ing habits. 

Among the 212 respondents, 48% of students 
never used energy drinks, while 38% of students 
drink them occasionally, and 12% use them sel-
dom. Only 2% of the respondents use energy 
drinks regularly (fig. 3). 

 

 

Figure 2. Consumption of caffeinated drinks while studying. 
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When asked about the use of drugs like Ritalin, 
Dexedrine, and Adderall without a doctor's pre-
scription, all respondents (100% of the students) 
reported never using them. Regarding the use of 
psychoactive drugs such as marijuana, crack, co-
caine, MDMA, codeine, morphine, dermol, and 

others without a doctor's prescription, the major-
ity of the 212 respondents, 95%, reported never 
using them. Only a very few respondents (4%) in-
dicated using them occasionally or trying them 
once or twice, and no one reported using them 
regularly (fig. 4). 

 

 

Figure 3. Energy drink consumption. 
 

 

Figure 4. Use of psychoactive drugs (without doctor’s prescription).  
 

DISCUSSIONS 

In this study, one of the main aspects investigated 
was the time spent on learning activities, and the 
findings reveal that a majority (46.7%) of stu-
dents dedicate around 3-4 hours to studying. Ad-
ditionally, 21% of students invest more than 4 
hours in learning, indicating a high motivation to 
enhance their cognitive abilities and achieve aca-

demic success. The study also highlights that stu-
dents prefer engaging in physical activities to 
stimulate their cognitive abilities. The most fa-
vored methods include walking (45.7%), fol-
lowed by workout (17.10%), and meditation 
(15.2%). Furthermore, students express a prefe-
rence   fo  r  variou  s  othe  r  activities such as swim- 
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ming, playing outdoor games, practicing yoga, 
drawing, cooking, etc. These activities are not 
only essential for cognitive stimulation but also 
contribute to maintaining the mental and physical 
well-being of students. 

According to the study data, students exhibit a 
high rate of caffeinated drink consumption, with 
30.50% drinking them systematically, 37.10% 
sometimes, and 19% occasionally. Caffeinated 
beverages, such as coffee, tea, and cola, are gener-
ally socially acceptable and serve as coping strat-
egies for students to enhance cognitive function 
and manage stressful academic situations. How-
ever, the misuse of caffeinated drinks, especially 
among systematic users, can lead to various ad-
verse effects. Similar to caffeinated beverages, 
30.5% of students use energy drinks occasionally, 
and 11.4% use them seldom. It is crucial to be 

mindful of the dosing of energy drinks, as in-
creased consumption poses potential risks. 

The study indicates that the majority of students 
(62.90%) maintain an average level of healthi-
ness in their eating habits, while 23.80% follow 
poor dietary practices. Regarding the use of drugs 
like Ritalin, Dexedrine, and Adderall without a 
doctor's prescription, all respondents (100%) re-
ported never using them. Additionally, the con-
sumption of drugs of abuse for neuroenhance-
ment, such as marijuana, cocaine, MDMA, crack, 
morphine, etc., is very low (4-5%), with the ma-
jority (95%) of students reporting never using 
them. While the data suggests a healthy and posi-
tive approach, it's important to note that in real-
ity, many students may not disclose the use of un-
healthy methods for neuroenhancement. 

 

CONCLUSIONS 

1. The information derived from specialized literature sources highlights the correlation between cog-
nitive abilities and learning activities. The enhancement of students' education is pivotal for societal 
improvement, and achieving a high level of cognitive abilities is essential for students to excel in 
their learning activities, thereby positively influencing their academic performance.  

2. Research reveals that the majority of students favor healthy methods to stimulate their cognitive 
abilities, such as physical exercise, walking, and meditation. These practices contribute to increased 
attention during learning activities. However, some students opt for a combination of both healthy 
and unhealthy methods. They may engage in healthy activities while also resorting to less advisable 
practices like smoking or using psychoactive drugs without a doctor’s prescription. It appears that 
students utilizing systematic methods for cognitive stimulation may prioritize approaches with im-
mediate effects. Notably, only a very small percentage of students choose to rely solely on unhealthy 
methods to enhance their cognitive abilities during learning activities.  

3. The study results highlight a concern regarding the risk behavior of students who opt for unhealthy 
methods to stimulate cognitive abilities during learning activities. It emphasizes the need for edu-
cational programs and other measures aimed at increasing awareness among students about the 
potential consequences associated with unhealthy methods of cognitive enhancement during learn-
ing activities.  
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Introduction. Oxidative stress is a major mechanism in the pathogenesis of many diseases, 
including severe multifactorial ones. Catalase (CAT), along with superoxide dismutase, is one 
of the first-line antioxidant defense enzymes. The development of methods/compounds that 
can increase/induce CAT will provide new possibilities to strengthen antioxidant protection 
and prevent oxidative damage to cells and tissues. 

Material and methods. The ability of three copper coordination compounds from the class 
of transition metal thiosemicarbazides to enhance/induce CAT in erythrocytes of healthy 
white laboratory rats has been studied. 

Results. Dichloro-(methyl-N-(prop-2n-1-yl)-2-(pyridin-2-ylmethylidene)hydrazine-carbimi 
do-thioate)copper was found to show the highest induction and/or activation of CAT, ex-
ceeding 2.71 times the values of the control group and 1.80 times the values produced by 
vitamin D3. This reveals increased synthesis of CAT after exposure to this compound, a phe-
nomenon that we have established for the first time.  

Conclusions. The compound can be used as a therapeutic agent, which, by activating the 
production of CAT in the body, can prevent and/or reduce the occurrence of multifactorial 
diseases, due to prevention of the damage of cells associated with excessive accumulation of 
hydrogen peroxide. The obtained data open perspectives for the research of biologically ac-
tive synthetic compounds, which will diversify the arsenal of effective tools for prevent-
ing/treating various diseases. 

Cuvinte-cheie: com-
pus coordinativ al cu-
prului, derivați de tio-
semicarbazidă, pro-
ducerea sau activa-
rea CAT, boli multi-
factoriale. 

 

UTILIZAREA COMPLEXELOR MICROMOLECULARE DE CUPRU ALE TIOSEMICARBAZI -
DELOR CA INDUCTORI/ACTIVATORI ENDOGENI AI CATALAZEI   

Introducere. Stresul oxidativ este un mecanism major în patogeneza multor boli, inclusiv a 
celor multifactoriale severe. Catalaza (CAT), împreună cu superoxid dismutaza, este una 
dintre enzimele de apărare antioxidantă  de primă linie. Dezvoltarea de metode/compuși 
care pot crește/induce CAT va oferi noi posibilități de a spori protecția antioxidantă și de a 
preveni deteriorarea oxidativă a celulelor și a țesuturilor. 

Material și metode. A fost studiată capacitatea a trei compuși de coordonare a cuprului din 
clasa tiosemicarbazidelor metalelor de tranziție de a crește/induce CAT în eritrocitele 
șobolanilor albi de laborator sănătoși. 

Rezultate. S-a constatat că dicloro-(metil-N-(prop-2n-1-il)-2-(piridin-2-
ilmetiliden)hidrazin-carbimido-tioat)cuprul exercită cea mai potentă inducție și/sau 
activare a CAT, depășind de 2,71 ori valorile lotului martor și de 1,80 ori valorile produse de 
vitamina D3. Aceste date relevă sinteza endogenă crescută a CAT după expunerea la acest 
compus, fenomen care a fost stabilit pentru prima dată. 

Concluzii. Compusul poate fi utilizat în medicină ca agent terapeutic care, prin activarea/  
inducerea CAT în organism, poate preveni și/sau reduce apariția bolilor multifactoriale 
cauzate de deteriorarea celulelor și a țesuturilor, asociate cu acumularea excesivă de 
peroxid de hidrogen. Datele obținute deschid noi perspective pentru cercetarea compușilor 
sintetici biologic activi care vor diversifica arsenalul de instrumente eficiente pentru 
prevenirea sau tratarea diferitor boli. 
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INTRODUCTION 

CAT plays a central role in the detoxification of ox-
ygen peroxide (H2O), which is crucial in defending 
cells against oxidative damage caused by H2O2. 
Hydrogen peroxide is toxic due to its ability to 
form other reactive oxygen species (ROS), such as 
the hydroxyl radical in the Fenton reaction. Addi-
tionally, H2O2 can act as an important signalling 
molecule, being involved in multiple physiologi-
cal and pathological processes (1). CAT can also 
act as a peroxidase, thus contributing to the me-
tabolism of micromolecular substrates such as 
methanol, ethanol, azide, and hydroperoxides. In 
the case of ethanol, the enzyme is able to oxidize 
it to acetaldehyde, contributing to its metabolism 
in the liver. Thus, CAT may have additional roles, 
such as detoxification or activation of toxic and 
antitumor compounds. 

However, the molecular mechanisms regulating 
the expression of CAT, the oldest known antioxi-
dant enzyme, have not yet been fully elucidated. 
Identifying these mechanisms will allow us to find 
new approaches to modulate antioxidant status in 
a variety of pathological conditions (2, 3). 

Deficiency or impaired functioning of CAT is 
linked to the pathogenesis of a number of age-re-
lated diseases, such as diabetes mellitus, hyper-
tension, anemia, vitiligo, Alzheimer's disease, 
Parkinson's disease, bipolar disorder, cancer, and 
schizophrenia (4). 

Several known compounds have been identified 
to increase CAT activity in tissues during various 
pathological processes. Notable examples include 
the elevation of CAT activity in erythrocytes of pa-
tients with type II diabetes through metformin 
treatment (5). Additionally, CAT production 
and/or activity in the mouse macrophage-like cell 
line RAW264 is increased by treatment with so-
dium nitroprusside (SNP) and 1-hydroxy-2-oxo-
3,3-bis-(2-aminoethyl)-1-triazene (NOC18). At 
the maximum concentration of 300 µmol/L , 
NOC18 statistically and conclusively increases 
CAT activity by up to 50%, thereby protecting 
macrophages from apoptosis induced by H2O2 (6).  
Furthermore, adding coffee to the feed of animals 
with liver cancer increases CAT activity almost to 
the values specific to healthy animals (7). Melato-
nin has been shown to increase CAT activity in pe-
ripheral blood mononuclear cells (PBMC) by 80% 
compared to untreated cells (8), while Fullerenol 
(C60(OH)36)  increases  it  in  red  blood  cells  by  

24% (p<0.05) compared to untreated ones (9). 
However, these methods have the disadvantage 
of being ineffective, as they do not provide stable, 
sufficiently high induction and/or activation of 
CAT. 

The method closest in technical essence and re-
sult to increasing the production or activity of 
CAT in the body is based on the administration of 
vitamin D3 or its derivatives (10). However, this 
method has several disadvantages, namely that it 
does not provide sufficient stimulation of the pro-
duction and/or activity of CAT, and the simulta-
neous use of vitamin D3 with its analogues in-
creases the risk of developing hypervitaminosis D 
and its toxic effects. 

The problem that our method solves is the gener-
ation of new copper coordination compounds 
from the class of thiosemicarbazides, thereby ex-
panding the range of synthetic compounds with 
high CAT induction/activation potential. 
 
MATERIAL AND METHODS 

Three new local copper coordinating compounds 
(CC), derivatives of thiosemicarbazide, were in-
cluded in the study: 
1) Acetato-2-(({(metilsulfanil)((prop-2-en-1-

il)amino)metiliden}hidraziniliden) metil) 
fenolatoaquacupru (coded (Cu(OAc)2);    

2) Bromo-2-{(2-(prop-2-en-1-ylcarbamothi-
oyl)-hydrazinylidene) methyl}phenolatocop-
per, coded (Cu(HL)Br);  

3) Dichloro-(methyl-N-(prop-2n-1-yl)-2-(pyri-
din-2-ylmethylidene)hydrazine-carbimido-
thioate)copper, coded (Cu(L-H)Cl2).    

These compounds were synthesized at Moldova 
State University in the “Advanced Materials in Bi-
opharmaceutics and Technology” Laboratory, by 
the team of professor Aurelian Gulea, PhD, acade-
mician (11, 12, 13). 

The effect of the local CC on erythrocyte CAT was 
evaluated in experiments on Rattus norvegicus 
domestica albino. The experiments were con-
ducted in accordance with contemporary princi-
ples in the biological standardization of experi-
ments and the Helsinki Declaration with subse-
quent amendments (Somerset West Amendment, 
1996). The study was approved by the Research 
Ethics Board of Nicolae Testemițanu State Univer-
sity of Medicine and Pharmacy (approval no. 81 of 
19.09.2020).  
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The experiments involved 50 rats weighing 180-
230 g, divided into 5 groups of 10 animals each. 
The first group, the control, consisted of animals 
kept on a regular vivarium diet and injected with 
physiological saline 3 times a week for 30 days. CC 
were administered in a dose of 1.0 µM/kg, 3 times 
a week for 30 days in the following way: group 2 
– (Cu(OAc)2), group 3 – (Cu(HL)Br), group 4 – 
(Cu(L-H)Cl2). The rats in group 5 (prototype) 
were administered vitamin D3 in a dose of 20.0 
µM/kg in the same way as CC. After 24 hours from 
the last administration of the tested compounds, 
the blood was collected for the evaluation of CAT. 
The erythrocyte mass, obtained after decanting 
the blood serum, was washed 3 times with physi-
ological saline.  

CAT activity was determined according to the 
method described by Korolyuk M.A. et al. (1988) 
(14) with modifications (15). Briefly, 0.01 mL of 
the erythrocyte mass diluted 1000 times with dis-
tilled water was pipetted into the 96-well photo-
metric microplates, and 0.18 ml of 0.03% H2O2 
was added. In the control samples, instead of 
H2O2, the same amount of distilled water was 
added. Three parallel reference samples, which 
contain only H2O2 and distilled water, were pre-
pared. The samples were incubated for 10 
minutes at 37°C, and afterwards, 0.10 mL of 4% 
ammonium molybdate solution was added. The 
solution was shaken, and its absorbance was 
measured at 410 nm. The difference between the 
absorbance of the reference sample and the ex-

perimental sample was calculated. Enzyme activ-
ity was expressed in µmol per s per 1 g Hb 
(µmol/s·g Hb). 

The spectrophotometric method was used to as-
sess the levels of vitamin D in the research sam-
ples (16). 

The statistical evaluation of the obtained data was 
conducted using StatsDirect Statistical Analysis 
Software (StatsDirect Ltd, UK). Mean±standard 
deviation (X±S) was calculated. To test the signif-
icant difference between the studied markers of 
the compared groups, the non-parametric "U" 
Mann-Whitney statistical test and the significance 
threshold "p" (p<0.05) were employed. 
 
RESULTS  

The results of the assessment of the changes in 
the CAT activity of erythrocytes due to the admin-
istration of certain local CC are presented in the 
statistical data in Table 1. 
Based on the experimental data presented in Ta-
ble 1, it is evident that the mentioned compounds 
induce a greater activation of CAT than that pro-
duced by vitamin D3, used as a prototype. The 
studied thiosemicarbazone derivatives increased 
erythrocyte CAT activity by 1.9-2.7 times com-
pared to the control values and by 1.8 times com-
pared to the values produced by the prototype 
(vit. D3). Compound Cu(L-H)Cl2 was found to ex-
hibit the highest CAT induction/activation activ-
ity, exceeding the control values by 2.72 times and 
the prototype values by 1.8 times. 

 

Table 1. The impact of local CC, derivatives of thiosemicarbazide, on erythrocyte CAT activity.  

Note: statistically significant difference with the control group *- p<0.05; ** - p<0.01; *** - p<0.001; statistically 
significant difference with the prototype (vitamin D3) - # p<0.05; ## - p<0.01. 
 

Study groups 
CAT,  

µM/s.g Hb (X±S) 

Control group 
18.80±4.02 

(100%) 

Acetato-2-(({(metilsulfanil)((prop-2-en-1-il)amino)metiliden}hidraziniliden) 
metil) fenolatoaquacupru (0,1 µM/kg) (coded (Cu(OAc)2)   

35.7±5.61 

*** (190%) 

Bromo-2-{(2-(prop-2-en-1-ylcarbamothioyl)-hydrazinylidene)methyl}phe-
nolato copper (0,1 µM/kg), coded (Cu(HL)Br)  

50.8±5.66 

*** (270%) 
## (178%) 

Dichloro-(methyl-N-(prop-2n-1-yl)-2-(pyridin-2-ylmethylidene)hydrazine-car-
bimido-thioate)copper (0,1 µM/kg), coded  (Cu(L-H)Cl2) 

51.2±7.98 

*** (272%) 
## (179%) 

Vitamina D3 (prototip) (20 µM/kg) 
28.6±4.26 

**(152%) 
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DISCUSSIONS 

The established properties of the studied CC are 
of interest for medicine in terms of expanding the 
range of synthetic inducers/activators of CAT. En-
zyme induction is a process in which a molecule 
(e.g., a drug) induces an increase in the metabolic 
activity of an enzyme either by binding to the en-
zyme and activating it, or by increasing the ex-
pression of the gene encoding the enzyme (17, 
18). Enzyme induction occurs when the molecule 
(called an inducer) facilitates gene expression. 
The specifics of how this occurs depend on con-
trol mechanisms as well as on differences be-
tween prokaryotic and eukaryotic cells (18). 

CAT is one of the most important antioxidant en-
zymes, present in almost all aerobic organisms. In 
1937, CAT was first crystallized from bovine liver 
in the laboratory of Sumner and Dounce. The gene 
encoding CAT in humans is located on chromo-
some 11 (19).  

The significance and importance of the CAT in-
duction phenomenon by CC, derivatives of thio-
semicarbazide, stem from the broad range of 
practical applications of these inducers.  

These inducers could potentially be used as 
agents for the treatment and prevention of renal 
fibrosis caused by CAT deficiency (20), or for the 
treatment of some forms of infertility, since CAT 
is found in mouse oocytes and likely plays a role 
in genomic protection from oxidative damage 
during meiotic maturation (21). It has been estab-
lished that CAT expression is also altered in can-
cer cells, which favors cell proliferation by induc-
ing genetic instability and activating oncogenes. 
Regulation of CAT expression is likely controlled 
mainly at transcriptional levels, although other 
mechanisms may be involved. In addition to tran-
scription factors such as Sp1 and NF-Y, the tran-
scription factors JunB and RARα are crucial regu-
lators in breast cancer cells by recruiting proteins 
involved in transcriptional complexes and chro-
matin remodeling. Therefore, CAT may be an at-
tractive therapeutic target in the context of cancer 
(22). 

CAT was found to significantly decrease chromo-
somal aberrations and to delay or prevent spon-
taneous neoplastic transformation in mice fibro-
blasts and epidermal keratinocytes (23). Simi-
larly, liver CAT activity decreases in the presence 
of a growing tumor, and after the tumor is remo- 

ved, this activity returns to normal, demonstrat-
ing the importance of this antioxidant enzyme in 
tumorigenesis (24). 

The methods for inducing CAT expression or ac-
tivity are important for treating retinal oxidative 
stress associated with diabetic retinopathy (25). 

Due to the ability of thiosemicarbazone deriva-
tives to easily penetrate the blood-brain barrier 
(26) and their stability in the bloodstream, these 
compounds could be used to develop new effec-
tive methods for the early diagnosis of severe 
brain diseases, such as brain tumors and their me-
tastases, as well as for the visualization of Aβ 
plaques in Alzheimer's disease.  

CAT could be extremely useful for the develop-
ment of effective therapies for brain and neuro-
logical dysfunctions. This is based on the fact that 
brain CAT activity is extremely low compared to 
other tissues and organs, such as the liver and kid-
ney. The results of some studies reveal the im-
portance of transient receptor potential (TRP) 
channels as a key component of the neurological 
Ca2+ ion entry pathway in response to the harm-
ful action of reactive oxygen species (ROS). Ex-
ploratory data suggest that CAT may act effec-
tively by suppressing the TRP channel activated 
by oxidative stress, exhibiting protective effects 
on neuronal mitochondrial function and neuronal 
survival (27). In the future, CAT could be ex-
tremely useful for the development of effective 
therapies for neurodegenerative diseases, such as 
Alzheimer's and Parkinson's disease, as well as 
sensory pain, because the decrease of CAT activity 
due to oxidative stress plays an important role in 
the pathogenesis of the aforementioned diseases 
(28). 

One of the most severe multifactorial diseases is 
sepsis, a systemic inflammatory syndrome caused 
by infections that can lead to organ dysfunction 
with a high mortality rate (over 25%). Consider-
ing that the most susceptible to sepsis are chil-
dren, people aged over 65 years, as well as pa-
tients with immunodeficiency, autoimmune dis-
eases, tumors, kidney, and lung diseases (29), de-
veloping treatments using CAT inducers and/or 
activators would be a desirable and effective op-
tion. Septic shock is also one of the frequent com-
plications of COVID-19 (30); therefore, CAT in-
ducers could be an attractive therapeutic target  
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for the prevention of complications and treat-
ment of SARS-CoV-2 infection. CAT helps regulate 
cytokine production, protect against oxidative 
damage, and suppress SARS-CoV-2 replication, as 

shown in human leukocytes, alveolar epithelial 
cells, and rhesus macaques, without noticeable 
toxicity (31, 32). 

 

CONCLUSIONS 

1. An effective method of inducing/activating CAT in the body has been developed using biologically 
active copper coordination compounds from the class of transition metal thiosemicarbazides. These 
compounds can prevent and/or reduce the occurrence of a variety of multifactorial diseases and the 
development of cell and tissue damage related to the excessive accumulation of hydrogen peroxide.  

2. Therefore, the data obtained mark the beginning, opening up prospects for the development and 
research of new CCs, which will diversify the arsenal of means to combat various severe pathological 
processes. Further studies are needed to confirm the therapeutic utility of these bioactive com-
pounds. 
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Introducere. În ultimii ani, calitatea apei a scăzut considerabil  ca urmare a 
creșterpoii pulației și a dezvoltării industriale. Stațiile de epurare a apelor uzate 
primesc tone de apă uzată provenită din diverse surse, cum ar fi spitale, abatoare, 
ferme, unități farmaceutice și canalizare menajeră. Aceste stații adăpostesc o 
diversitate mare de bacterii și resturi de preparate antimicrobiene, ceea ce 
facilitează interacțiunea dintre diverse microorganisme și antimicrobiene, 
simplificând dezvoltarea mecanismelor de rezistență la antimicrobiene, precum 
și transmiterea genelor de rezistență de la o celulă la alta. Prin urmare, utilizarea 
metodelor eficiente de tratarea a apelor uzate  are o importanță  majoră  în  
eliminarea microorganismelor rezistente la antimiicrobiene. 

Scop. Evaluarea utilizării bacteriofagilor  la bioaugmentarea proceselor de tratare 
biologică a apelor uzate. 

Material și metode. Am realizat un studiu secundar-sinteză narativă a literaturii. 
Informația a fost obținută din bazele de date electronice internaționale folosind 
următoarele cuvinte-cheie „ape uzate”, „stația de epurare”, „rezistența la 
antimicrobiene”, „utilizarea bacteriofagilor”, „tratare biologică” în diferite 
combinații. Din numărul total de articole găsite (49), au fost selectate și analizate 
25.  

Rezultate. Multiple studii au raportat că în pofida utilizării diverselor procese de 
tratare biologică și/sau chimică, stațiile de epurare a apelor uzate nu sunt pe de-
plin eficiente în îndepărtarea agenților patogeni. Higgins şi colab. (2018) mențio-
nează că agentul patogen oportunist Acinetobacter baumanni a fost depistat la 
toate etapele de epurare, fiind  ulterior eliberat în mediu. Oliveira şi colab. (2021) 
au  constatat ineficiența proceselor convenționale de tratare a apelor uzate în 
eliminarea agenților patogeni rezistenți la carbapeneme. Bioreactoarele cu 
membrană sunt strategii avansate de tratare a apelor uzate, apreciate pentr u 
capacitatea lor înaltă de eliminare a microorganismelor, însă formarea 
biofilmelor pe membrane împiedică funcționarea adecvată a acestora. O 
alternativă promițătoare este tratarea apelor uzate cu bacteriofagi ce oferă un 
remediu ecologic și rentabil în eliminarea microorganismelor din apele uzate. 
Bacteriofagii afectează gazda prin două moduri, fie prin modificarea procesului 
metabolic, adaptării și potențialului de supraviețuire al gazdelor, fie prin 
distrugerea directă a celulelor-gazdă. Printre proprietățile bacteriofagilor care îi 
fac atrăgători ca agenți terapeutici sau în calitate de biocontrol se numără  liza 
doar a bacteriilor specifice acestora prin receptori specifici,  creșterea ca număr 
în funcție de densitatea agenților patogeni și  adaptarea ușoară  la condițiile de 
mediu.   Bacteriofagii au rol și în îndepărtarea biofilmelor bacteriene.  

Concluzii. Creșterea semnificativă a rezistenței la antimicrobiene a adus în prim-
plan terapia cu bacteriofagi, care are o istorie de peste 100 de ani. Aplicarea 
bacteriofagilor la stațiile de epurare influențează semnificativ capacitatea 
procesului de tratare, deci și calitatea apei uzate, precum și eliminarea agenților 
patogeni din biofilme și din nămol. 
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Introduction. Conducting an updated review of the antimicrobial resistance phe-
nomenon and associated factors, as well the mechanisms and current perspec-
tives on the “One Health” approach, including the Republic of Moldova’s position 
in response to the World Health Organization's call, are priority directions for 
both human and veterinary medical services. Systematic review and gathering 
scientific information on the spread, incidence, resistance, and serotyping of bac-
teria from the genera Salmonella spp. and Campylobacter spp. remain crucial pri-
orities worldwide.   

The aim. The study focuses on analysing and assessing data regarding the inci-
dence of infections with microorganisms from the Campylobacter spp. and Salmo-
nella spp. genera in humans and in products of animal origins.   

Material and methods. The study was conducted by analysing specialized liter-
ature from various databases, selecting relevant articles published between 2018 
and 2023. The keywords used included prevalence, distribution of serotypes, an-
timicrobial resistance phenotypes, and genotypes of Salmonella spp. and Campyl-
obacter spp. strains in humans and animal products. The One Health approach was 
employed. In total, 93 bibliographic sources were examined; utilizing databases 
such as Embase, PubMed, Hinari, Google Scholar, and data published by ECDC and 
WHO. 

Results. The results regarding the proposed subjects were analysed. This was 
carried out within an integrative approach to the current situation in the field of 
human health, animal health, and the environment, as well as the position of the 
Republic of Moldova in combating the phenomenon of AMR. The obtained data 
confirmed that the highest prevalence of Campylobacter spp. among all types of 
samples investigated was found in poultry carcasses, with an average prevalence 
of 57% (44 out of 77 carcasses tested positive for Campylobacter). In comparison, 
based on surveillance data, on average, 38% of samples from fresh poultry meat 
in 22 European countries tested positive for Campylobacter (as of 2018).  
The prevalence of pathogens in the carcasses of free-range broilers may result 
from the dissemination of bacteria from the genera Salmonella spp. and Campyl-
obacter spp. in small-scale poultry farms, potentially affecting food safety.  

Conclusions. The results regarding the incidence of Salmonella spp. and Campyl-
obacter spp. argue for the importance and necessity of applying new techniques 
to assess the impact of zoonotic bacteria on public health. Systematic monitoring 
of the “environment-animal-human” components is an activity that will deter-
mine the level of quality of life. Bacteria from the genera Salmonella spp. and Cam-
pylobacter spp. are most frequently involved in foodborne infections in humans, 
underscoring the need for a revision of monitoring programs and mitigation strat-
egies to reduce their impact on public health.  
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Introducere. Tulpinile de Staphylococcus spp. izolate din secțiile de terapie inten-
sivă și din hemocultură sunt din ce în ce mai rezistente la un număr mare de agenți 
antimicrobieni. În mod inevitabil, acest fenomen a dus la ineficiența mai multor 
antimicrobiene, ceea ce pune viața pacienților în pericol. S. aureus este agentul 
patogen care trezește cele mai mari îngrijorări din cauza virulenței intrinseci, a 
capacității de a provoca o gamă variată de infecții și de a se adapta la diferite con-
diții de mediu. Mortalitatea prin bacteriemie cu S. aureus este în jur de 20–40%, 
în ciuda disponibilității antimicrobienelor eficiente. Persistenţa microorganis-

melor este determinată de multipli factori care inactivează  mecanismele  anti-

microbiene ale sistemului imun. De aceea, este binevenită studierea factorilor 

de patogenitate ai microorganismelor, de a căror manifestare  depinde rata de 

eliminare a acestora din focar și prognosticul bolii. 

Scop. Evaluarea rezistenței la antimicrobiene și a factorilor de patogenitate ai tul-
pinilor clinice de Staphylococcus spp. 

Material și metode. Studiul a fost efectuat pe 102 tulpini de Staphylococcus spp. 
izolate din infecții invazive în culturi pure și ulterior identificate prin metode mi-
crobiologice clasice și sistemul Vitek2 Compact (BioMerieux). Testarea sensibili-
tății la antimicrobiene și a capacității de formare a biofilmului a fost efectuată cu  
ajutorul  metodei discdifuzimetrică Kirby-Bauer și, respectiv, a testului cantitativ 
de aderență. Activitatea antilizozim a fost  determinată  după metoda descrisă 

de Gordina E. şi coaut, iar activitatea antcomplementară – după metoda descrisă 
de Bukharin O. şi coaut. 

Rezultate. 74 (72,5%) de tulpini de Staphylococcus spp. izolate din infecțiile in-
vazive au fost polirezistente la antibiotice, 41 (40,2%) – meticilin rezistente 
(MRS), 19 (15,8%) – pozitive prin testul D, iar 76 (75,5%) au produs biofilme. 
Tulpinile de stafilococi au prezentat sensibilitate mai înaltă la vancomicină 
(100%) și la linezolid (90,6%). Rată mai mare de rezistență inductibilă la clinda-
micină a fost observată printre tulpinile MRS, în comparație cu cele sensibile la 
meticilină. Similar, rate mai mari de polirezistență și rezistență la meticilină au 
fost înregistrate printre tulpinile producătoare de biofilm, în comparație cu tulpi-
nile care nu produc  biofilm. Activitatea antilizozim și anticomplementară a fost 
pusă în evidență la 83,3% dintre tulpini și la 69,6%, respectiv.  

Concluzii. Pentru un management eficient al infecţiilor provocate de stafilococi 
este important de a include  în diagnosticul de laborator de rutină testul D pentru 
detectarea rezistenței inductibile la clindamicină. Vancomicina şi linezolidul pot 
fi indicate în tratamentul empiric al infecţiilor severe cauzate de Staphylococcus 
spp. Cunoaşterea factorilor de persistență a Staphylococcus spp va permite utili-
zarea lor în calitate de ţintă de atac la selectarea preparatelor antimicrobiene . 
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Introducere. Problema utilizării excesive și incorecte a preparatelor 
antimicrobiene  la creșterea animalelor rămâne a fi una  acută. Prezentul studiu 
prevede analiza corectitudinii utilizării antimicrobienelor, în contextul rezistenți 
la antimicrobiene (RAM), în tratamentul și profilaxia bolilor bacteriene la animale. 
Stabilirea cauzelor RAM și reducerea impactului acesteia rămâne o prioritate în 
contextul abordării unei singure sănătăți. 

Scop. Evaluarea practicilor de utilizare a antimicrobienelor de către medicii 
veterinari în Republica Moldova. 

Material și metode. Studiul a fost bazat pe datele unui chestionar standardizat 
autoadministrat îndeplinit de către medicii/felcerii veterinari care activează în 
circumscripțiile teritoriale sanitar-veterinare ale Agenției Naționale pentru 
Siguranța Alimentelor din 35 de raioane ale țării, în perioada 20-27 septembrie 
2023, pe un eșantion de 150 de respondenți.   

Rezultate. La studiu  au participat 123 de respondenți (82%),  dintre  care  32% 
t medici veterinari, iar restul 68%) – felceri veterinari.  Vechimea medie în muncă 
a respondenților a fost de 27 de ani.   3% (4) dintre medicii veterinari consideră 
că problema RAM  este importantă doar pentru sănătatea publică,  7% o consideră   
problemă de ordin național, iar 88% – de nivel global.. Dintre medicii veterinari 
chestionați, 92% prescriu antibiotice diferitor specii de animale de rentă, iar 36%   
folosesc antibiotice pentru a trata bolile neinfecțioase atât la animale adulte, cât 
și la tineret. În 80% din cazuri, prescrierea antibioticelor de către medicii 
veterinari are la bază examinarea clinică a animalelor de rentă bolnave. Nici unul 
dintre medicii veterinari chestionați nu efectuează teste de sensibilitate la 
antibiotice,  utilizând  antibiotice cu spectru larg de acțiune. Recurg la serviciile 
de laborator atunci când prescriu antibiotice  patru (3%) medici veterinari și doar 
în trei (67%) cazuri motivul utilizării serviciilor de laborator a fost determinarea 
sensibilității la antibiotice. În 76% din cazuri,   medicii veterinari nu efectuează 
teste de laborator înainte de a prescrie antibiotice  din cauza  lipsei  unui laborator 
în apropiere, iar  cinci  respondenți consideră că testele de laborator nu sunt 
necesare. 

Concluzii. (1) Chestionarea medicilor veterinari responsabili de utilizarea 
antimicrobienelor în creșterea animalelor reprezintă o măsură periodică 
obligatorie care poate contribui semnificativ la ajustarea metodelor de diminuare 
a fenomenului RAM. (2) Rezultatele anchetei au demonstrat  principalele cauze 
ale  neaprecierii sensibilității florei bacteriene la antimicrobiene o constituie 
accesul limitat la serviciile diagnosticului de laborator din cauza  plasamentului la 
distanțe mari a laboratoarelor, obținerea tardivă a rezultatelor   și costurile mari 
ale testelor de laborator. (3) Una din măsurile importante, care ar contribui 
eficient la reducerea RAM,. este utilizarea antimicrobienelor în baza prescripției 
veterinare  care rămâne  o problemă prioritară la nivel național. 
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Introducere. Infecțiile tractului urinar reprezintă cca 40% din totalul infecțiilor 
asociate asistenței medicale, majoritatea cazurilor fiind  determinate de cateteri-
zare. La pacienții fără cateter, tractul urinar este colonizat, de obicei, de microor-
ganisme de origine enterică. Prezența unui cateter creează un mediu favorabil 
pentru persistența microorganismelor și formarea de biofilme, ceea ce crește pro-
babilitatea ca tractul urinar să fie colonizat de microorganisme nosocomiale 
nonenterice. Prin urmare, este important să cunoaștem spectrul agenților pato-
geni asociați cu prezența unui cateter urinar. 

Scop. Evaluarea spectrului și rezistenței la antimicrobiene a tulpinilor microbiene 
izolate din infecțiile tractului urinar asociate cateterizării. 

Material și metode. Studiul realizat este unul secundar-sinteză narativă a litera-
turii. Informația a fost  selectată din bazele de date electronice internaționale, din 
2018 până în 2023, cu privire la spectrul și rezistența la antibiotice a infecțiilor 
urinare asociate cateterizării (ITUAC). În acest scop au fost folosite următoarele 
cuvinte-cheie în diferite combinații: cateter, infecție urinară, bacteriurie, rezis-
tență la antimicrobiene. În studiu au fost analizate cele 38 de publicații selectate, 
precum și datele, și recomandările Asociației Europene de Urologie, Centrului de 
Prevenire și Control al Bolilor (CDC), inclusiv Ghidul pentru prevenirea infecțiilor 
urinare asociate cateterizării.  

Rezultate. Cateterismul permanent, care durează 30 de zile sau mai mult, este 
definit ca „pe termen lung” sau „cronic”. Durata prelungită a cateterizării instan-
taneu duce la formarea biofilmului pe suprafața  acestuia. La pacienţii cateterizaţi 
pe termen lung, bacteriuria polimicrobiană apare în ~95% din cazuri. Cei mai 
frecvenți agenți patogeni asociați cu prezența unui cateter permanent sunt E. coli 
(21,4%) și Candida spp. (21,0%), urmați de Enterococcus spp. (14,9%), P. aerugi-
nosa (10,0%), K. pneumoniae (7,7%), Enterobacter spp. (4,1%) și A. baumannii 
(1,2%). În rezumatul anual al datelor raportate de CDC, 24,8% dintre izolatele de 
E. coli și 33,8% dintre izolatele de P. aeruginosa au fost rezistente la fluorochino-
lone. Tulpinile de E. coli și de K. pneumoniae au prezentat rezistență în 5,5% din 
cazuri, inclusiv 21,2% la ceftriaxonă. Ratele de rezistență au fost relativ înalte 
chiar și la carbapeneme: E. coli 4%, K. pneuniae 10%, P. aeruginosa 25% și A. bau-
mannii 25,6%. Rezistență semnificativă a fost înregistrată la vancomicină (6,1%) 
și la ampicilină (3,1%) în cazul E. faecalis. 

Concluzii. Cateterele urinare sunt recunoscute ca factor de risc major pentru dez-
voltarea infecțiilor urinare asociate asistenței medicale. Spectrul microorganis-
melor în ITUAC este foarte diferit, iar din cauza formării biofilmelor rezistența la 
antimicrobiene a acestor tulpini este înaltă. Agenții patogeni din biofilme sunt 
bine protejați de antimicrobiene și de apărarea gazdei. Deoarece terapia antimi-
crobală la pacienții cateterizați duce la dezvoltarea rezistenței la antimicrobiene, 
strategia prudentă de administrare a antibioticelor, gestionarea cateterului și pre-
venirea ITUAC trebuie considerate prioritare. 
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Introducere. Evaluarea microbiologică a produselor farmaceutice nesterile este 
relevantă, deoarece contaminarea microbiană reduce sau anulează efectul lor 
terapeutic și poate provoca infecții. Microorganismele prezente în medicamente 
nu numai că le fac periculoase din punct de vedere infecțios, dar pot să modifice 
proprietățile chimice, fizice și organoleptice ale acestora sau conținutul 
ingredientelor active. În plus, microorganismele pot produce metaboliți cu 
proprietăți toxice. 

Scop. Analiza rezultatelor obținute în urma testelor de puritate microbiologică a 
medicamentelor nesterile de către diferite companii farmaceutice și prezentarea 
neconformităților înregistrate în grupele de medicamente studiate.  

Material și metode. A fost realizat un studiu secundar-sinteză narativă a 
literaturii. Informația a fost selectată din bazele de date electronice internaționale 
folosind următoarele cuvinte-cheie în diferite combinații: produse farmaceutice, 
controlul calității, contaminare microbiologică. Prin căutare, au fost identificate 
26 de publicații. 

Rezultate. Există multe rapoarte internaționale cu privire la neconformitățile în 
procesul de producere a medicamentelor care au ca rezultat acordarea 
autorizațiilor de introducere pe piață a produselor de proastă calitate. 
Długaszewska și colab. au raportat că pe o perioadă de 10 ani procentul mediu de 
probe neconforme a fost de 0,7%. O analiză a rezultatelor testelor de puritate 
microbiologică a medicamentelor combinate a arătat că până la 5,6% dintre 
acestea nu corespund standardelor aplicabile. Printre neconformitățile majore ies 
în evidență numărul excesiv de bacterii, de fungi și de bacterii gramnegative. 
Charnock  a evaluat conținutul microbian al 77 de produse farmaceutice nesterile 
înregistrate ca mărci comerciale distribuite în Norvegia. Toate prod usele 
examinate corespundeau normativelor  aplicabile în ceea ce privește numărul și 
tipurile de microorganisme izolate, ceea ce indică la eficacitatea practicilor de 
producere în conformitate cu standardele existente. Majoritatea bacteriilor 
izolate au fost bacili grampozitivi care formează endospori. Deși bacilii 
gramnegativi au fost puși în evidență foarte rar, unii dintre ei aparțineau unor 
specii  indicate anterior ca agenți patogeni oportuniști inadmisibili în produsele 
farmaceutice. Într-un studiu efectuat de Ratajczak și colab., din 1285 de probe de 
medicamente studiate 24 de probe au prezentat neconformități. Cea mai 
frecventă neconformitate a fost depășirea numărului maxim acceptabil de fungi. 
Fungii izolați au aparținut genurilor: Aspergillus, Rhizopus, Alternaria, Mucor. Le-
vuri nu au fost detectate. Micetele pot produce micotoxine cancerigene și muta-
gene, de asemenea pot provoca intoxicații acute și cronice, alergii, boli ale siste-
melor respirator, digestiv și leziuni hepatice. 

Concluzii. Rezultatele obținute pot îmbunătăți calitatea producerii în fabricile 
farmaceutice, pot informa/conștientiza necesitatea controlului microbiologic al 
procesului de producție al fiecărei serii de medicamente și, prin urmare, pot îm-
bunătăți siguranța și calitatea medicamentelor. 
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Introducere. Bacteria Clostridioides difficile este o cauză frecventă a diareii asoci-
ate asistenței medicale. Forma clinică depinde de factorii ce țin de gazdă și de viru-
lența tulpinii implicate în process. Acest microorganism provoacă boală care vari-
ază în severitate de la colonizare asimptomatică la diaree severă, colită pseudo-
membranoasă, megacolon toxic, perforație de colon și deces. Depistarea și raporta-
rea cazurilor de ICD depinde de metodele de diagnostic utilizate. În unele țări, în 
special în cele cu venituri mici și medii, nu există cazuri de ICD raportate și, respec-
tiv, nu se cunoaște  amploarea poverii ICD. O altă provocare în diagnosticul de la-
borator al ICD o reprezintă și numeroasele metode propuse, fără a fi stabilit un al-
goritm de diagnostic bine determinat. 

Scop. Evaluarea impactului metodelor microbiologice de diagnostic asupra 
diagnosticului infecției cu C. difficile. 

Material și metode. Studiul reprezintă o sinteză narativă a literaturii de 
specialitate. Informația a fost selectată din bazele de date electronice internaționale 
folosind următoarele cuvinte-cheie în diferite combinații: Clostridioides difficile, 
metode, diagnostic, algoritm, standarde. Criteriul de bază de selectare a surselor 
bibliografice a fost disponibilitatea integrală  și gratuită a articolelor. Pe baza 
acestor criterii au fost selectate 14 articole științifice. 

Rezultate. Diferitele în strategiile de testare de laborator utilizate au un impact 
substanțial asupra ratelor de ICD raportate. Într-un studiu s-a constatat că la testa-
rea independentă bazată pe PCR a fost obținut  un număr dublu de rezultate pozi-
tive, în comparație cu testarea independentă a toxinelor prin analiza imunoenzima-
tică (AIE). În mod similar, un alt studiu a demonstrat că testarea bazată pe PCR a 
probelor GDH-pozitive și toxine-negative aproape a dublat numărul de rezultate 
pozitive, în comparație doar cu testarea GDH și a toxinelor prin AIE. Testarea de 
laborator pentru ICD este un domeniu în schimbare permanentă și nu există un sin-
gur standard de referință acceptat sau un singur test considerat cel mai bun. Un test 
de diagnostic este evaluat în funcție de sensibilitate, de specificitate, de timpul de 
realizare, de costul și de disponibilitatea acestuia. Testul de neutralizare a citotoxi-
cității celulare și de izolare a agentului în cultură pură sunt considerate teste de 
referință pentru diagnosticul de laborator al ICD. Din cauza timpului îndelungat de 
obținere a rezultatelor și a cerințelor tehnice, aceste teste nu sunt utilizate pe larg. 
De asemenea, a fost demonstrat că la utilizarea testelelor de sine stătător pentru 
diagnosticarea ICD nu se obțin rezultate fiabile, iar implementarea algoritmului în 
doi pași a redus numărul de rezultate fals pozitive și a permis divizarea pacienților 
în cei fără ICD, cei cu ICD și potențiali purtători de C. difficile. 

Concluzii. Diagnosticul de laborator este foarte important pentru a diferenția ICD 
de alte cauze de diaree și pentru a stabili prezența infecției versus colonizare. 
Alegerea metodelor de diagnostic de laborator are un impact semnificativ asupra 
diagnosticului ICD și, prin urmare, asupra ratelor raportate de ICD.  
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Introducere. Rezistența la antibiotice reprezintă una dintre cele mai serioase 
provocări la nivel global în tratarea bolilor infecțioase. Fenomenul de rezistență la 
antibiotice, când agenții patogeni suferă modificări care reduc sau elimină 
eficacitatea tratamentelor medicamentoase, devine o problemă din ce în ce mai 
urgentă la nivel mondial. Lucrătorii din domeniul medical se confruntă cu r iscul de 
a contracta infecții severe și, uneori, fatale, care devin rezistente la tratamentele 
disponibile. Deși întreaga comunitate este expusă acestui pericol, anumite ocupații 
sunt mai expuse acetui pericol. 

Scop. Studierea literaturii de specialitate pentru elucidarea antibiorezistenței  ca 
factor de risc prezent la locul de muncă al angajaților din sectorul medical.  

Material și metode. Studiul a fost fundamentat pe o analiză narativă a 21 de surse 
științifice din baze de date internaționale care abordează factorii de risc din mediul 
ocupațional, inclusiv rezistența la antibiotice, și care au impact asupra stării de 
sănătate a lucrătorilor medicali din instituțiile medicale din Republica Moldova.  

Rezultate. În e  spitalele și  în unitățile  de terapie intensivă, se conturează un mediu 
propice pentru proliferarea și răspândirea bacteriilor rezistente la antibiotice. 
Această situație este generată de utilizarea intensivă a antibioticelor în cadrul unei 
populații dense de pacienți, expunerea repetată a personalului medical și condițiile 
specifice din aceste instituții. Transmiterea   bacteriilor rezistente includ poate avea 
loc prin contactul direct cu mâinile contaminate ale personalului, cu suprafețe le 
infectate (mânerele ușilor și echipamentele utilizate), precum și prin contactul 
direct cu pacienții sau cu fluidele corporale ale acestora,   care sunt o sursă primară 
de infecție. Numeroși agenți biologici, inclusiv bcteriile din aerul  expirat sau 
toxinele eliberate de micete, sunt transmise  prin intermediul aerului.  Deficiențele 
în construcția clădirilor și în proiectarea  sistemelor de aer condiționat  nu asigură   
condiții optime de ventilație și de uscare a aerului 

Concluzii. Starea reală din instituțiile medicale subliniază necesitatea unei 
abordări multidisciplinare și a unor măsuri preventive robuste pentru a gestiona 
rezistența la antibiotice în mediul ocupational al lucrătorilor medicali. Astfel, 
promovarea unor practici riguroase de igienă, gestionarea adecvată a 
echipamentelor și a suprafețelor, îmbunătățirea sistemelor de ventilare și a 
infrastructurii sunt aspecte esențiale în asigurarea unui mediu de lucru sănătos și 
sigur pentru personalul medical și pacienți.  
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Introduction. Urinary tract infections are among the most common bacterial infec-
tions in children. Limited data on the pharmacokinetic and pharmacodynamic char-
acteristics of antibacterial drugs in pediatric patients may lead to their excessive and 
irrational use, resulting in the development of complications. Currently, there is an 
alarming level of antimicrobial resistance among causative pathogens due to the in-
appropriate and widespread use of antibacterials. Resistant infections are associated 
with higher morbidity, mortality, and increased healthcare costs. 

The aim of this study was to identify the causative pathogens of urinary tract infec-
tions in children and analyze their susceptibility to antibacterial preparations for op-
timal therapeutic management. 

Material and methods. This analytical-retrospective study involved analyzing the 
results of bacteriological urine examinations in children admitted to the specialized 
wards of Valentin Ignatenco Children’s Municipal Clinical Hospital in 2022, focusing 
on the identification of microorganisms and evaluation of susceptibility to antibacte-
rial preparations. 

Results. According to the data obtained, 39% positive urocultures were identified in 
children and the most common pathogen detected was Escherichia coli (43% cases), 
followed by Staphylococcus epidermidis (40%), Enterococcus (6%), Proteus mirabilis 
(5.5%), Klebsiella pneumoniae (4.5%), Pseudomonas aeruginosa (1%). Escherichia 
coli showed resistance to cephalosporins-cefaclor (47%), cefuroxime (51%), 
ceftazidime (40%), cefoperazone (61%), fluoroquinolones-ciprofloxacin (52%), of-
loxacin (62%) and, amoxicillin/clavulanic acid in 42% cases. Staphylococcus epider-
midis detected in 39% cases, was resistant to ceftriaxone (33%), ceftazidime (28%), 
cefuroxime (31%), ciprofloxacin (37%), amoxicillin/clavulanic acid in 53% cases. 
Enterococcus was resistant to ceftriaxone (32%), cefuroxime (37%), cefaclor (30%), 
ciprofloxacin (29%), ofloxacin (35%), amoxicillin/clavulanic acid (22%). Klebsiella 
pneumoniae was resistant to ceftazidime (35%), cefoperazone (27%), ceftriaxon 
(23%), cefuroxime (31%), cephalexin (27%), ciprofloxacin (38%), ofloxacin (46%), 
amoxicillin/clavulanic acid (27%), and Pseudomonas aeruginosa was resistant to 
ceftazidime (27%), ceftriaxon (20%), cefuroxime (40%), cephalexin (27%) ciprof-
loxacin (47%). 

Conclusions. Urinary tract infections in children pose a significant challenge due to 
the specific features of the pediatric population, including the difficulty in conducting 
studies, limited therapeutic options, contraindications, variability of causative path-
ogens, and increased resistance to antibacterial therapy. Escherichia coli was the 
most commonly detected pathogen, with an elevated rate of resistance to amoxicil-
lin/clavulanic acid and cephalosporins, which are commonly used for the treatment 
of urinary tract infections in children. Rational selection of antibacterials is essential 
to ensure effective and safe treatment and to prevent urinary tract infections with 
multidrug-resistant agents.  
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Introducere. Schimbările climatice reprezintă una dintre cele mai mari și mai ur-
gente provocări ale secolului XXI. Creșterea temperaturilor medii și a nivelului 
oceanelor, modelele modificate ale precipitațiilor și sporirea evenimentelor mete-
orologice extreme afectează nu numai peisajul și ecosistemul global, ci și sănătatea 
umană. Sănătatea creierului este în pericol  ca urmsaare a  creșterii incidenței in-
fecțiilor bacteriene, influențate de schimbările climatice. 

Scop. Cercetarea realizată a avut ca scop argumentarea legăturii infecțiilor bacteri-
ene ale creierului cu schimbarea climei. 

Material și metode. A fost realizat un studiu bibliografic, fiind căutate îmbinările 
de cuvinte„schimbarea climei”, „maladii bacteriene” și „maladii neurologice” în mo-
torul de căutare disponibil gratuit, care oferă căutare de tip text -integral de publi-
cații științifice open-acces – Google Scolar. Ca rezultat au apărut peste 40 de surse. 
Din ele au fost analizate 17, care au fost relevante tematicii.  

Rezultate. În ultimii câțiva ani, incidența afecțiunilor bacteriene, care afectează sis-
temul nervos central (SNC), este în creștere. În pofida faptului că joacă un rol -cheie 
în controlul schimbărilor climatice, bacteriile sunt rareori obiectul de studii în cer-
cetările tematice și nu sunt luate în considerare la dezvoltarea de noi strategii. Bac-
teriile reacționează    la schimbările climatice pr4in reacții de feedback atât  pe ter-
men lung, cât și pe termen scurt și care pot fi atât pozitive, cât şi negative.   
Neuroinfecțiile crează un micromediu inflamator care poate avea consecințe nega-
tive asupra calității vieții umane, inclusiv disfuncții cognitive, modificări comporta-
mentale, depresie, convulsii, și deficiențe fizice.  Simptomele neurologice în bolile 
infecțioase care afectează SNC sunt, de obicei, neglijate. Printre primele zece boli 
infecțioase care cauzează deces la nivel mondial se regăsesc encefalita și meningita 
– infecții bacteriene ale sistemului nervos. Cei mai importanți agenți patogeni, care 
provoacă aceste afecțiuni, sunt S. pneumoniae, Streptococcus agalactiae, Neisseria 
meningiditis, Haemophilus influenzae, Listeria monocytogenes. Sepsisul polimicro-
bian este de asemenea o afecțiune medicală severă care provoacă simptome neuro-
logice și se agravează în timpul valurilor de căldură. Infecțiile pneumococice se pot 
răspândi prin aerosoli și evoluează asimptomatic în colonizarea cavității nazale, de 
unde   se răspândesc în alte organe, inclusiv în creier. Ajungând în fluxul sangvin și, 
traversând bariera hematoencefalică, provoacă meningită.  Recent a fost stabilită o 
relație între creșterea conținutului de mercur în aerul atmosferic și sporirea numă-
rului pacienților afectați de encefalită cauzată de Naegleria fowleri în SUA și în sud-
estul Asiei.   Pacienții afectați suferă de meningoencefalită, a cărei rată a mortalității 
a rămas în jur de 98%, cu mai puțin de  cinci  supraviețuitori care au trecut de 50 
de ani. Acești agenți patogeni pot provoca, și o boală a sistemului nervos central 
numită encefalită granulomatoasă.   

Concluzii. Schimbările climatice au  impact și asupra bacteriilor, contribuind la 
prelungirea ciclului lor de viață, la sporirea agresivității și a consecințelor pe sănă-
tatea umană,   agravând sau chiar determinând unele afecțiuni neurologice.  
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Introduction. Being a sustainable and eco-friendly method of treating wastewater, 
constructed wetlands use microorganisms and natural processes to eliminate pol-
lutants. Depending on how they are built, put into use, and maintained, they may 
offer a number of advantages as well as disadvantages. 
 

The aim of the study was to improve the management of constructed wetlands by 
promoting their benefits and minimizing the associated risks. 
 

Material and methods. A review of national and international scientific biblio-
graphic sources on best practices for implementing constructed wetlands in 
wastewater treatment was conducted.  
 

Results. Constructed wetlands are ecological infrastructures designed to replicate 
the advantages and functions of natural wetlands. These areas effectively clean and 
manage water, including wastewater, in a sustainable manner by harnessing the 
power of bacteria and natural processes. They also serve as habitats for aquatic life, 
including fish, plants, and microbes, which work together to filter, clean, and regen-
erate water. Compared to conventional wastewater treatment methods, con-
structed wetlands use less energy, require fewer staff for maintenance, effectively 
treat wastewater with dispersed pollution, help preserve biodiversity, and provide 
habitat for a variety of plants and animals. Additionally, they can enhance the visual 
appeal of metropolitan areas and offer higher resilience to climate change and ex-
treme events. However, despite the numerous benefits of constructed wetlands, 
there are also challenges. These include the need for more space than traditional 
technologies due to the use of extensive areas of vegetation and soil, potentially 
longer implementation and installation times, and the potential for the develop-
ment and spread of antibiotic resistance. Local conditions such as soil type, climate, 
and hydrological features can influence the efficiency of constructed wetlands, ne-
cessitating adjustments for each unique circumstance. These challenges can be ad-
dressed through effective design, meticulous material and plant selection, and the 
application of engineering techniques to enhance efficiency. Furthermore, the im-
plementation of new biotechnologies focused on combating antibiotic-resistant 
pathogenic flora can help mitigate these challenges . 
 

Conclusions. Constructed wetlands remain a valuable choice for sustainable water 
resource management and environmental protection, despite the challenges in-
volved. With proper integration and management, they can serve as sustainable so-
lutions for issues related to water quality, flood management, and biodiversity con-
servation. 
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Introducere. Infecțiile la nivelul locului chirurgical sunt infecții frecvente asociate 
cu îngrijirea sănătății, care pot provoca daune severe pacientului, inclusiv deces, și 
cresc costurile de îngrijire. Rezultatele unui studiu din 2017 au arătat că ratele de 
readmitere asociate cu aceste infecții variau între 1,45% și 6,34%. Lipsa conformi-
tății cu ghidurile de bune practici acceptate pentru îngrijirea perioperatorie poate 
crește riscul pacientului de a dezvolta o infecție de situs chirurgical.  

Scopul lucrării a fost evaluarea legităților de manifestare a procesului epidemic și 
factorii de risc în infecțile asociate asistenței medicale (IAAM) la pacienții cu situs 
chirurgical bazându-ne pe datele de literatură.  

Material și metode. S-a realizat studiu de tip secundar, sinteză narativă, cu 
utilizarea publicaților din bazele de date PubMed, Med ONE, NLM, NCBI, raporte 
anuale de activitate a spitalul de nivel republican. Perioada de referință – 2015-
2022. 

Rezultate. S-a stabilit, că infecțiile de situs chirurgical sunt responsabile de 38% 
din decesele cauzate de complicațiile post-operatorii, iar durata medie a 
spitalizării pacientului cu infecție de situs chirurgical crește, în dependență de țară 
și zonă geografică cu 5-20 de zile. Costul suplimentar al tratamentului infecțiilor 
de situs chirurgical se situează între 170 și 29600 $ în țările cu venituri mici și 
medii și pot ajunge la 35000 $ în țările cu venituri mari. Incidența generală a 
infecțiilor de situs chirurgical la nivel global ajunge la 2,5%, cu incidența cea mai 
înaltă în Regiunea Africană (aprox. 7%).  Studiile au arătat că cea mai crescută 
incidență se înregistrează în Tanzania (26%), iar cea mai mică – în China (0,2%). 
Cele mai frecvent izolate microorganisme din secrețiile de plagă, la nivel mondial, 
sunt S.aureus, stafilococi coagulazo-negativi, Enterococcus sp. și E.coli. Etiologia 
infecţiilor postoperatorii depinde în primul rând de sediul anatomic al intervenţiei 
și de tipul de plagă chirurgicală. Astfel, din infecţii ale „plăgilor curate” se izolează 
cel mai frecvent S. aureus, iar din infecţii ale „plăgilor contaminate” şi ale „plăgilor 
murdare” se izolează în special bacili gram-negativi: E. coli, Proteus spp., Klebsiella 
spp., Enterobacter spp., Pseudomonas spp. etc. În cazul „plăgilor contaminate”, a 
„plăgilor murdare” s-a constatat deseori o etiologie polimicrobiană aerobă şi 
anaerobă, asemănătoare cu flora endogenă a organului rezecat.  Prevalența 
consumului de antimicrobiene constituie 42,7%. Fiecare al 3-a pacient spitalizat 
primește cel puțin un preparat antimicrobian. În mediu la un pacient sunt 
administrate 1,3 antimicrobiene. Pacienții cu intervenții chirurgicale invazive fac 
IAAM de circa 3 ori mai frecvent, prevalența IAAM constituind 6,9% și de 2 ori mai 
frecvent consumă antimicrobiene, cu o prevalență de 99% de cazuri.  

Concluzii. Infecția de situs chirurgical se numără printre cele mai frecvente 
complicații postoperatorii și este responsabilă de ratele mari de morbiditate și 
mortalitate. Prevenirea acestor infecții este o sarcină majoră și necesită eforturi 
deosebite cu utilizarea complexă a mai multor măsuri, inclusiv este nevoie de mai 
multe cercetări. Determinarea legitățile procesului epidemic în IAAM la pacienții 
internați în secțiile cu profil chirurgical, factorii de risc, spectrul de 
microorganisme izolate și rezistența/sensibilitatea față de preparate 
antimicrobiene ne permite să obținem limete de securitate postoperatorie și 
argumentează necesitatea elaborării „Ghidul de prevenire și control al IAAM”.  
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Introducere. Pandemia COVID-19, provocată de SARS-CoV-2, un agent patogen din 
familia Coronaviridae, a evidențiat necesitatea înțelegerii evoluției virusului. De la 
secvențierea inițială în ianuarie 2020, virusul a acumulat mii de mutații, majorita-
tea în proteina S și domeniul său de legare la receptor (RBD). Aceste mutații influ-
ențează afinitatea pentru receptorul celular ACE2, crescând infectivitatea și gene-
rând noi variante. Secvențierea genomului reprezintă una dintre metodele optime 
pentru monitorizarea variantelor de COVID-19, identificarea și studierea rapidă a 
modificărilor în structura genomului virusului și evoluția acestuia.  

Scop. Studiul vizează analiza variabilității genetice a SARS-CoV-2 pe parcursul pan-
demiei, cu accent pe mutațiile semnificative și impactul lor. 

Material și metode. Pentru realizarea studiului, a fost efectuată analiza narativă a 
literaturii, selectând articole relevante publicate între 2020-2023, folosind cuvin-
tele: „genome sequencing”, „SARS-CoV-2”, „mutation analysis” și „genovariants”. În 
total, au fost examinate 48 de surse bibliografice, utilizând baze de date precum 
Embase, PubMed, Hinari, Google Academic și bibliotecile naționale.  

Rezultate. Monitorizarea genetică a relevat cinci variante de îngrijorare conform 
OMS: Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2) și Omicron 
(B.1.1.529). Aceste variante prezintă mutații multiple în proteina S, în special în 
RBD, conducând la contagiozitate crescută și evaziunea imunitară. Alpha, detectată 
inițial în Regatul Unit al Marii Britanii, are așa mutații ca N501Y în RBD, care 
îmbunătățesc afinitatea pentru receptorul ACE2. Beta, identificată în Africa de Sud, 
prezintă mutații precum K417N și E484K, crescând evaziunea imună. Gamma, cu 
origine în Brazilia, are mutații similare cu Beta, influențând atât transmisibilitatea, 
cât și recunoașterea imunitară. Delta, apărută în India, cu mutații ca L452R și 
P681R, a generat rate mai mari de infectare și de replicare virală. Varianta Omicron 
provine din linia genetică B.1.1. Genomul variantei Omicron are mai mult de 30 
mutații în proteina S, în comparație cu tulpina de referință Wuhan-Hu-1, dintre care 
15 substituții de aminoacizi în domeniul de legare la receptor (RBD), zonele 
asociate cu răspunsul imun. Mutațiile prezente în Omicron pot fi asociate cu 
transmisibilitate mai mare, legare alterată la receptor și evaziune imună. Studiul 
subliniază importanța proteinelor structurale în adaptarea virusului la noi gazde și 
în patogeneza COVID-19, esențială pentru dezvoltarea strategiilor de control al 
pandemiei. 

Concluzii. Analiza datelor din literatură evidențiază importanța monitorizării mu-
tațiilor pentru înțelegerea dinamicii pandemiei și dezvoltarea strategiilor de con-
trol, inclusiv îmbunătățirea vaccinurilor. Proteina S, în particular, joacă un rol cru-
cial în patogeneza infecției și este un punct focal în cercetările viitoare. 
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Introducere. Vaccinurile sunt considerate una dintre cele mai importante reali-
zări ale medicinei moderne. La nivel mondial, în fiecare an, vaccinările previn până 
la trei milioane de decese. Studiile au arătat că vaccinurile sunt printre cele mai 
sigure injecții disponibile, reacțiile adverse fiind rare. Totuși, în pofida creșterii 
disponibilității vaccinurilor, o bună parte a populației nu se vaccinează și nu   vac-
cinează copiii din motive ce nu țin de contraindicații medicale. 

Scop. Analiza impactului marketingului social în companiile de vaccinare.  

Material și metode. Studiu secundar, sinteză narativă. Din bazele de date electro-
nice internaționale, inclusiv Scopus, PubMed, Web of Science și Google Scholar. au 
fost analizate  180 de surse, cele mai actuale informații, ghiduri, publicații recente 
în limbile română, rusă, engleză, privind aplicarea principiilor de marketing social 
în promovarea vaccinării. Perioada de referință au fost anii 2012-2023. Ultima că-
utare a literaturii a fost efectuată în decembrie 2023. Metodele de cercetare utili-
zate: descriptivă, analitică. 

Rezultate. Imunizarea sistematică a populației reduce în mod semnificativ morbi-
ditatea, mortalitatea și invaliditatea cauzate de bolile infecțioase care pot fi preve-
nite prin vaccinare, reducând  astfel semnificativ daunele sociale și economice in-
duse de acestea. Principiile marketingului social privind promovarea campaniilor 
de vaccinare devine una din activităție principale în contextul ezitării populației 
privind vaccinarea. Sistemele de comunicare publică și de masă, utilizate pentru a 
promova administrarea vaccinurilor, se încadrează în categoriile de activități pro-
moționale: publicitate, relații publice. În condițiile actuale, strategiile de modifi-
care a percepțiilor publicului cu privire la vaccinuri ar trebui să includă furnizarea 
de informații imparțiale și cuprinzătoare, adaptate nevoilor de informare a popu-
lației și transmise prin tehnologii de comunicare multiple și noi precum mass-me-
dia socială, intervențiile electronice – serviciile de mesagerie text și rețelele soci-
ale, aspecte ce țin de marketing. 

Concluzii. În formularea strategiilor de promovare a vaccinării, în marketingul so-
cial, ca şi în cel comercial, se recurge la mixul de marketing, reprezentat de 4P: 
produs, preţ, plasament, promovare. Marketingul social în sănătate reprezintă un 
potenţial important pentru atingerea unui grup de persoane cât mai mare posibil  
cu costurile cele mai mici, printr-un program eficient, care să satisfacă consumato-
rii cât mai mult. Este necesar ca speciliştii în marketing să fie incluşi în grupurile 
de lucru desemnate să elaboreze planuri şi politici de promovare a sănătăţii (in-
clusiv campanii de imunizare) în rândul populaţiei. Aceştia, la rândul lor, vor ţine 
cont de elementele de fundamentare a strategiei de marketing social pentru a 
atinge cele mai bune rezultate în campaniile de promovare a vaccinării.  
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Introduction. Globally, it is estimated that 15% of couples experience infertility, 
with male factors contributing to half of these cases. The causes of male infertility 
are highly diverse, often stemming from disorders in spermatogenesis, which are 
clinically characterized by severe oligozoospermia and azoospermia. Genetic fac-
tors account for approximately 30% of male infertility cases associated with sper-
matogenesis disorders. Among the numerous genetic causes of spermatogenic in-
sufficiency, chromosomal anomalies are particularly significant from a clinical 
standpoint. Approximately 15% of men with non-obstructive azoospermia and 4% 
of men with severe oligozoospermia have chromosomal abnormalities. 

The aim of this study is to evaluate the profile of chromosomal variations in male 
infertility with severe oligozoospermia and azoospermia, in order to confirm the 
importance of exploring their cytogenetics for both diagnosis and treatment, as 
well as for assessment and prognosis. 

Material and methods. The study involved a retrospective descriptive analysis of 
cytogenetic results in men with oligozoospermia and azoospermia in the Moldovan 
population from 2014 to 2022. The participants were individuals from infertile 
couples who sought assistance at the National Center for Reproductive Health and 
Medical Genetics. The patient group comprised 32 individuals with oligozoo-
spermia and 156 with azoospermia. All patients underwent cytogenetic analysis 
using the classical G-banding technique on peripheral blood lymphocytes. Results 
were reported using the nomenclature outlined in the 2016 International System 
of Cytogenetic Nomenclature (ISCN). 

Results. The average age of men was 33.8±5.3 years, (95% CI: 32.7-34.9; median 
33.0) (percentile 25 – 75: 30.0-36.0). Among the 156 men with azoospermia, 101 
(64.7%) had a normal karyotype of 46,XY, while variations in the number or struc-
ture of chromosomes were observed in 55 individuals (35.3%; 95% CI: 27.8-42.8). 
Of these, 43 patients (27.6%) exhibited variations in the X or Y sex chromosomes, 
and 12 patients (7.7%) showed variations in the autosomal chromosomes. Among 
the 43 azoospermic patients with sex chromosomal abnormalities, 32 cases in-
volved chromosomal number abnormalities, and 11 cases involved structural vari-
ations. Among the number of chromosomal abnormalities, 29 cases were attributed 
to X aneuploidy (Klinefelter Syndrome), 2 cases were mosaic 45,X/46,XY, and one 
case presented a 46,XX karyotype in a male. The structural variations of the sex 
chromosomes included 9 cases of duplications of the distal arm of the Y chromo-
some (Yqh+) and 3 cases of deletions of the distal arm of the same chromosome 
(Yqh-). Among the 32 men with oligozoospermia, 28 (87.5%; 95%CI: 76.0-99.0) 
had a normal karyotype of 46,XY, while 4 (12.5%; 95% CI: 1.0-24.0) exhibited var-
iations in the sex chromosomes. 

Conclusions. In this study, the prevalence of chromosomal abnormalities identi-
fied in azoospermia was 35.3% and in oligozoospermia was 12.5%. Given the high 
frequency of chromosomal abnormalities in men with infertility, as well as the ge-
netic risks for future generations, it is important to assess the profile of chromoso-
mal variations before resorting to Assisted Reproduction Techniques, for diagnosis, 
treatment, as well as assessment and prognosis. 
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Introducere. Conform surselor bibliografice, rata varicelor recidivante ale mem-
brului inferior după intervenția chirurgicală variază de la 20-40% până la 50-60% 
sau chiar 80% din cazuri. Cauzele dezvoltării acestora pot fi greșelile tehnice și 
tactice, progresarea maladiei, neovascularizarea, precum și  prezența variantelor  
anatomice ale venei safene mari – vena safenă mare dublă și venele safene mari 
accesorii.  

Scopul lucrării a fost de a evalua frecvența variantelor anatomice ale venei safene 
mari la nivelul coapsei și a afluenților acesteia în apropiere de joncțiunea safeno-
femurală. 

Material și metode. În vederea elucidării temei abordate, a fost organizat un stu-
diu descriptiv transversal în cadrul căruia au fost disecate 22 de vene safene mari 
la nivelul coapsei și afluenții acestora. Studiul a fost efectuat pe cadavre formoli-
zate în cadrul Catedrei de anatomie și anatomie clinică, a Universității de Stat de 
Medicină și Farmacie Nicolae Testemițanu din Republica Moldova. 

Rezultate. Segmentul femural al venei safene mari, situat pe fața anteromedială, 
urca cranial pe coapsă și se vărsa în vena femurală, formând joncțiunea safenofe-
murală. În nouă cazuri (40,9%), vena safenă mare era solitară la nivelul coapsei, 
în trei cazuri (13,6%) se dubla la nivelul tuberozității tibiale, iar zece cazuri 
(45,5%) era însoțită de vene safene accesorii (anterioară și/sau superficială), pla-
sate paralel cu vena safenă mare. Vena safenă mare accesorie superficială a 
coapsei, întâlnită în  două cazuri (9,1%), era separată de vena safenă mare prin 
fascia safenă.  
Vena safenă mare accesorie posterioară, cu un traiect ascendent pe fața 
posterioară a coapsei, a fost depistată în 15 cazuri (68,2%). Ea înconjura medial 
coapsa, dar se vărsa în vena safenă mare evident distal de joncțiunea 
safenofemurală. 
Segmentul terminal al venei safene mari, situat în proximitatea joncțiunii 
safenofemurale, a primit următorii afluenți: vena circumflexă iliacă superficială – 
în 72,7 % din cazuri, vena epigastrică superficială – în 68,2%, vena pudendală 
externă superficială – în 68,2%, vena pudendală externă profundă – în 9,1%, vena 
safenă mare accesorie anterioară a coapsei în – 40,9%, vena safenă mare accesorie 
superficială a coapsei – în 4,55%.  

Concluzii. Venele superficiale ale membrului inferior prezintă o variabilitate 
anatomică înaltă, încă puțin studiată. Segmentul femural al venei safene mari, în 
aproape jumătate din cazuri, este însoțită de vene safene accesorii (anterioară 
și/sau superficială) cu un traiect paralel. Vena safenă mare accesorie posterioară 
a coapsei, prezentă în 68,2% din cazuri, se varsă în vena safenă mare în treimea 
mijlocie a coapsei.  
Imposibilitatea ligaturării sau ligaturarea incompletă și/sau greșită a tributarelor 
venei safene mari, prezența venei safene duble sau a venelor safene accesorii pot 
duce la apariția recidivei varicelor membrelor inferioare. 

 
 
 

 



 
 

 

    140  
 

Special edition 
January 2024 

 

2020 ASSESSMENT OF THE LIFE QUALITY AFTER SURGERY FOR PERFORATED GASTRODUODE-
NAL ULCER  

Elina SHOR 
1Nicolae Testemitanu State University of Medicine and Pharmacy, Chisinau, Republic of Moldova 
2Emergency Medicine Institute, Chisinau, Republic of Moldova 

Corresponding author: Elina Shor, e-mail:  elina.sor@usmf.md 

 
 

Keywords: perfo-
rated ulcer, sur-
gery, quality of life, 
GSRS, MOS SF-36. 

 

Introduction. Quality of life is a cornerstone in the assessment of modern medi-
cine, surgery, and healthcare practices. This aspect is becoming increasingly im-
portant in healthcare due to the rapidly increasing power, variety, and cost of 
modern drugs and surgical techniques. 

The aim of this study was to assess and compare the quality of postoperative re-
covery in patients undergoing surgery for perforated ulcer. 

Material and methods. This observational, prospective study was conducted on 
231 patients undergoing emergency surgery. Postoperative recovery was as-
sessed using the GSRS and MOS SF-36. The control group for the studied parame-
ters consisted of average data obtained from 42 healthy individuals from the gen-
eral population, with similar socioeconomic status and age to the main group of 
the study.  

Results. The research presents an analysis of 231 patients, mostly men, which is 
considered statistically conclusive (p<0.0001), with a diagnosis of perforated gas-
troduodenal ulcer resolved by various surgical interventions. The majority of the 
patients were of working age, highlighting the significant social and economic im-
pact of these issues. The remote follow-up period extended up to 10 years (aver-
age 7 years) after the primary surgery. The correlation between the life quality 
index and the surgical approach applied was statistically significant (p<0.001). In 
the comparative analysis, it was noted that, among all the surgical intervention 
methods, the groups undergoing ulcer excision, ulcer excision with vagotomy, and 
gastric resection yielded the least favorable results (p<0.001). The data obtained 
confirm that the GSRS and MOS SF-36 indices of life quality in patients undergoing 
the laparoscopic approach are statistically significantly better and more sustain-
able, impacting the effectiveness of treatment resolution (p<0.001). 

Conclusions. Life quality measures are increasingly used worldwide to assess 
surgical outcomes, as they focus on specific health conditions and are essential for 
detecting changes resulting from treatment, thereby assessing its effectiveness . 
The present study found that the differential selection of treatment tactics using 
modern minimally invasive technologies, especially laparoscopic suturing of per-
forated gastroduodenal ulcer, demonstrated significantly better efficiency com-
pared to traditional, especially radical, operations. 
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Introducere. Calitatea vieţii prezintă un indicator strategic al sănătăţii în diferite 
patologii cronice, în special a celor hepatice. Conceptul general al calității vieții 
este utilizat pe scară largă, reflectând o corelare directă dintre calitatea vieţii și 
bunăstarea personală.  
Scop. Studierea indicilor calității vieții la bolnavii cu hepatopatii cronice în condi-
țiile Republicii Moldova. 
Material și metode. Pentru realizarea scopului au fost examinați 59 de pacienți 
adulţi cu diferite hepatopatii cronice: 34 de pacienți cu infecție cronică cu virusul 
hepatic B (Lotul HBV), 25 de pacienți cu boala ficatului gras metabolic asociat (Lo-
tul BFG) și 26 de persoane adulte aparent sănătoase (Lotul-martor). Pentru eva-
luarea calității vieții (QoL) a fost folosit chestionarul SF-36 cu ajutorul căruia au 
fost apreciate opt scoruri: PF – funcționarea fizică; RF-P – funcţionarea determi-
nată de starea fizică; BP – durerea corporală; GH – starea generală de sănătate; VT 
– vitalitatea; SF – funcţionarea socială; RF-E – funcţionarea determinată de starea 
emoţională; MH2 – sănătatea mintală. Pe baza sumării indicilor acestor scoruri au 
fost apreciați  doi parametri integrali: Indicele de sănătate fizică (PH) și Indicele 
de sănătate mintală (MH). Datele obținute au fost prezentate în formatul M±m și  
analizate utilizând programul de completare „Analiza datelor” Excel 2016. Pentru 
a determina nivelul de semnificație statistică (p), a fost aplicat testul Mann-Whit-
ney neparametric. Pentru efectuarea studiului a fost obținut acordul Comitetului 
de Etică a Cercetării Științifice a USMF „Nicolae Testemițanu”, Chişinău, Republica 
Moldova, nr.10 din 28.12.2020. 
Rezultate. Nivelurile cele mai scăzute ale parametrilor integrali ai QoL s-au înre-
gistrat în lotul HBV: PH=46,69±1,22, MH=38,97±1,56. În lotul BFG s-au atestat ur-
mătoarele valori ale acestor parametri: PH=47,02±1,37 și MH=45,91±1,55. Veri-
dicitatea diferențelor între loturi pentru PH și MH a fost de 95% și de 99%, res-
pecftiv. În lotul-martor, valorile medii pentru acești parametri au fost 
PH=53,01±0,91 și MH=51,51±1,50, existând diferențe veridice ale acestor para-
metri cu ambele loturi de studiu (р<0,01; р<0 ,01). Analiza rezultatelor scorurilor 
reflectă menținerea tendinței valorilor minimale în lotul HBV. O scădere mai  ac-
centuată se observă în scorurile RF-E al MH. Acest indicator a fost apreciat cu 
punctaje scăzute în loturile HBV și BFG (37,25±4,83 și 66,67±7,45) versus lotul-
martor 93,59±3,71 (р<0,01; р<0,01; р<0,01). Scorurile PH ale QoL demonstrează 
o scădere mai slabă a punctajelor. Cel mai afectat scor  s-a dovedit a fi RF-P: 
52,94±5,76 in lotul HBV și 68,00±5,69 în lotul BFG, versus 89,42±3,45 în lot ul-
martor. Scorul GH a fost apreciat cu punctaje scăzute în loturile HBV și BFG 
(52,32±2,84 și 53,88±3,50), versus lotul-martor: 70,54±3,05 (р<0,01; р<0,01). 
Concluzii. În hepatopatiile cronice descresc toate componentele ce caracteri-
zează calitatea vieții, cel mai mult fiind afectată componenta mintală. Scăderi mai 
semnificative ale calității vieții se înregistrează în lotul de pacienți cu infecție cro-
nică cu VHB. 
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Introducere. Schimbările climatice, una dintre cele mai presante probleme ale se-
colului nostru, afectează profund calitatea apei potabile. Modificările în precipitații, 
temperatură și evenimente meteorologice extreme au un impact semnificativ asu-
pra disponibilității și purității apei, ceea ce constituie o provocare majoră pentru 
sănătatea publică și sustenabilitate. 

Scop. Studiul își propune să analizeze efectele schimbărilor climatice asupra calită-
ții apei potabile, examinând modificările în compoziția chimică și microbiologică, și 
impactul acestora asupra sănătății umane. 

Material și metode. S-au folosit date din rapoarte din domeniul sănătății și a me-
diului, studii climatologice și analize ale calității apei din diverse țări. Metodologia 
include analiza comparativă a datelor istorice și actuale privind calitatea apei, cu 
un accent special pe zonele afectate de secetă, de inundații sau de alte fenomene 
climatice extreme. 

Rezultate. Rezultatele studiului subliniază o deteriorare semnificativă a calității 
apei în diverse regiuni ale lumii. În India, în ultimii 20 de ani,  nivelurile de nitrați 
din apele subterane au depășit valorile normate cu peste 50% din cauza perioadei 
de secetă prelungită. Mai mult de atât, rapoartele recente indică o creștere cu 35% 
a contaminării bacteriene în aceleași surse de apă. În Europa, creșterea medie a 
temperaturilor cu 2°C în ultimele decenii a accelerat proliferarea algelor toxice în 
lacuri și în rezervoare, afectând astfel calitatea a 30% din sursele de apă potabilă. 
Studii efectuate în bazinul Rinului au arătat o creștere cu 40% a concentrațiilor de 
fitoplancton nociv. În Africa, analizele de după inundații au relevat că peste 60% 
din sursele de apă testate în zonele afectate sunt contaminate cu E. coli și cu alte 
bacterii patogene, sporind riscul  de boli diareice, care afectează anual milioane de 
persoane. În America de Nord, modificările modelului de precipitații au determinat 
o creștere alarmantă, cu  25, a concentrațiilor de plumb și de alte metale grele în 
anumite surse de apă. Rapoarte recente din Statele Unite ale Americii indică faptul 
că peste 18 milioane de oameni sunt expuși la niveluri de contaminare cu plumb 
care depășesc limitele recomandate de Agenția pentru Protecția Mediului. Aceste 
tendințe au un impact direct asupra sănătății publice. De exemplu, în regiunile 
afectate de contaminarea cu nitrați și cu metale grele, s-a înregistrat o creștere cu 
20% a cazurilor de afecțiuni renale și  cu 15% a cazurilor de cancer asociate cu 
calitatea apei. Aceste cifre subliniază importanța unei gestionări mai eficiente a 
resurselor de apă și a implementării de soluții adaptate la schimbările climatice 
pentru a asigura accesul la apă potabilă de înaltă calitate. 

Concluzii. Schimbările climatice au un impact evident și alarmant asupra calității 
apei potabile. De aceea, este esențial să se intensifice eforturile de monitorizare și 
de purificare a apei, precum și să se dezvolte strategii adaptative pentru gestiona-
rea resurselor de apă în contextul noilor provocări climatice. Protejarea calității 
apei este vitală pentru sănătatea și securitatea populațiilor la nivel global.  
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Introduction. Chronic diffuse liver diseases continue to rank high among the is-
sues contributing to high mortality rates worldwide. The Republic of Moldova 
holds the leading position globally in terms of the highest age-standardized inci-
dence rate of liver cirrhosis and related mortality cases. The 2019 coronavirus 
(COVID-19) pandemic has posed yet another significant challenge for healthcare 
systems worldwide, given its potential to affect internal organs and cellular mech-
anisms. The investigation of metabolic interrelations between different organs 
and systems of the organism, particularly those with an injured liver affected by 
this new virus, has garnered significant scientific interest in recent years. 

The aim. The study of pancreatic activity parameters in chronic liver patients 
during SARS-CoV2 infection in Republic of Moldova.  

Material and methods. Our study represents a retrospective analysis of consec-
utively hospitalized patients in the COVID-19 unit at the Timofei Moșneaga Repub-
lican Clinical Hospital in Chişinau, Republic of Moldova, during the period from 
March 2020 to February 2021. A total of 73 patients' electronic medical records 
were examined, comprising 40 men (54.8%) and 33 women (45.2%), with a mean 
age of 57.29 years. All patients were categorized into three main groups: group 1 
(13) consisted of individuals with chronic hepatitis (CH) of viral etiology (HBV, 
HCV); group 2 (13) included patients with liver cirrhosis (LC); and Comparison 
group 3 (CG) comprised patients (23) without liver pathology but with some func-
tional issues related to the pancreas. Patients with metabolically associated liver 
disease (2) and nonspecific reactive hepatitis (22) were not considered in this 
analysis. Blood serum levels of glucose, amylase, and lipase were investigated in 
all patients. The analysis involved the use of percentages, means, and standard 
error of the mean for evaluation and statistical analysis, with the significance of 
differences (p) assessed using the Mann-Whitney U test.  

Results. Elevated blood glucose levels, indicative of disrupted carbohydrate me-
tabolism, were observed in patients with liver cirrhosis (6.38±1.23 mmol/L) and 
in the Comparison group (CG) (8.11±0.79 mmol/L), exceeding the normal refer-
ence values of 4.11-5.89 mmol/L. Amylase activity was within normal limits 
across all patient groups. In contrast, the level of lipase, a more sensitive indicator 
of pancreatic function, was elevated in the CG (112.13±82.16 u/L) compared to 
the normal range of 13-60 u/L. These findings align with the main hypothesis and 
recent literature, suggesting that COVID-19 may induce pancreatic injury in pa-
tients with chronic liver disease and those with a history of pancreatic issues, 
highlighting the human pancreas as another potential target for the virus. 

Conclusions. COVID-19 can provoke functional abnormalities in pancreatic func-
tion in patients with chronic diffuse liver disease, as well as in patients with a his-
tory of underlying pancreatic dysfunction. Further investigation of pancreatic 
function is needed in a larger group of patients with different liver pathologies . 
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Introduction. Oral health disparities constitute a significant public health chal-
lenge, with far-reaching consequences for the overall health of the population and 
economic ramifications for any nation. Introducing medical students to the field of 
dentistry and equipping them with essential knowledge about risk factors and pre-
ventive measures for common dental conditions can foster greater responsibility 
within the medical community towards oral health and enhance communication 
among healthcare specialists. 

The objective of this study was to assess the opinions of students at the Faculty of 
Medicine regarding the Dental Medicine discipline. 

Material and methods. This study involved conducting a survey among medical 
students in two stages: Stage I, before the commencement of the Dental Medicine 
module, and Stage II, upon its completion. In Stage I, data were collected from 356 
fourth-year students at the Faculty of Medicine. Among them, 77% were high 
school graduates, 20% graduated from medical colleges, and 3% from other educa-
tional institutions. In Stage II, 386 students who had completed the Dental Medicine 
module were surveyed. The questionnaire consisted of general information about 
the participants and inquiries about the necessity and significance of including this 
discipline in the curriculum at the Faculty of Medicine. 

Results. According to the gathered data from Stage I, 63.6% of respondents con-
firmed that Dental Medicine was a new subject for them. Additionally, 60.1% ex-
pressed their willingness to study it, 67.8% believed it would be beneficial, and 
85.8% recognized a close connection between oral and general health. Regarding 
its inclusion in the curriculum, 65% considered it should be mandatory, while 35% 
suggested it be optional. After completing the module, 100% of participants 
acknowledged a strong correlation between oral health and general health. They 
asserted that Dental Medicine should be a compulsory discipline in the Faculty of 
Medicine's curriculum and is indispensable for medical students. 

Conclusions. Introducing medical professionals to the field of dentistry, coupled 
with comprehensive knowledge of anatomical structures, physiological functions, 
and pathological conditions, enhances patient trust in the medical profession and 
fosters better inter-professional communication. Given that many oral conditions 
are preventable or treatable with early intervention, training physicians and ac-
tively involving them in oral disease prevention efforts can help mitigate oral health 
disparities and their adverse effects on overall health. Through oral screenings, pre-
ventive measures, referrals for dental assessments, and collaborations with den-
tists, physicians can positively impact oral health outcomes, especially in vulnera-
ble populations. 
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Introducere. Piața serviciilor stomatologice este una foarte competitivă. În pre-
zent, problema medicilor stomatologi este fluxul de pacienți. Pentru atragerea 
acestora, cabinetele stomatologice se ocupă de publicitate în diverse moduri: în 
cabinetele mici și mijlocii această misiune și-o asumă proprietarul, iar în cele mari 
pot exista subdiviziuni specializate în  publicitate care dispun de buget propriu și 
organizează acțiuni de publicitate cu participarea companiilor specializate. Rolul 
marketingului în domeniul serviciilor de sănătate este de a contribui la furnizarea 
de informații de valoare clienţilor. 

Scop. Analiza instrumentelor publicitare și recomandarea  unor tehnici moderne 
de promovare a cabinetului stomatologic. 

Material și metode. Populația studiului: pacienții a  cinci cabinete stomatologice 
cu următoarele specializări: terapie, ortopedie, chirurgie dentoalveolară, paro-
dontologie. Cei 138 de pacienți care și-au dat acordul verbal de a participa la stu-
diu,  au completat un chestionar autoadministrat, compus din 22 de întrebări gru-
pate în șase categorii. Perioada de colectare a datelor: decembrie 2022 – februarie 
2023. În cadrul studiului  a fost studiată și documentația internă a cabinetelor sto-
matologice precum: raportul de autoevaluare semnat de conducătorul cabinetu-
lui; copia regulamentului de organizare și de funcționare; organigrama; schema 
sistemului informațional; planul de dezvoltare strategică; planul de control a cali-
tății serviciilor prestate. Metode de cercetare utilizate: descriptivă, analitică, com-
parativă. 

Rezultate. Strategiile de marketing se propun ca o modalitate sigură de a construi 
relații cu publicul cabinetului stomatologic. Pentru un stomatolog, strategia de 
marketing înseamnă a convinge pacienții că se oferă o experiență fără durere și 
cu rezultate așteptate. Conform studiului, există următoarele modalități de pro-
movare: recomandarea – 31%, rețelele de socializare – 25%, google – 17%, tele-
viziunea – 15%, plasarea – 12%. Satisfăcuți de condițiile prestate de cabinetele 
stomatologice au fost 73,18% din persoanele intervievate, 92,75% au fost mulțu-
mite de atitudinea personalului medical, iar 56,52% au ales cabinetul stomatolo-
gic în baza reputației medicilor. Aplicarea unui sistem de marketing contribuie la 
formarea categoriilor de pacienți planificați și pacienți continuu. La intrebarea ce 
il face pe pacient să fie fidel unui anume cabinet stomatologic, 32 % au numit apli-
carea unui plan de marketing, 25% – condiții favorabile de muncă ale medicilor. 
S-a constatat că pacienții doresc mai multă computerizare a serviciilor medicale.  

Concluzii. Publicitatea în stomatologie oferă pacienților posibilitatea de a alege 
tratamentul, clinica, medicul. Dintre  metodele și instrumentele de promovare 
analizatee s-au evidențiat recomandarea me dicului din parte pacientilor, 
strategiile legate de promoții și cele privind prețul, prezența saitului propriu. O 
strategie eficientă s-a dovedit a fi promovarea în mediul online îmbinată cu cea 
offline. Aplicarea unor strategii de marketing eficiente duce nu numai la creşterea 
satisfacţiei clienţilor, dar şi a personalului – un element component în manage-
mentul unui cabinet  stomatologic.  

 




