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The Moldovan Association for Biosafety and Biosecurity (MDBBA) is a scientific
and practical, instructive and educational, non-governmental, apolitical and
non-profit professional organization, founded in 2017.

The main objective of the association is the development of good practices and
culture in the field of biosafety and biosecurity and the promation of knowledge
within professional and research-innovation groups.

includes security principles, technologies and rules to be followed to prevent
unintended exposure to pathogens and toxins or their accidental release/
leakage.

“Protection of personnel, population from unintended exposure to pathogens/
biohazardous material”.

includes a wide spectrum of measures (biosecurity policies, regulatory
regime, scientific and technical measures) applied in an organized
framework, necessary to minimize risks (prevention of actions, terrorist
attacks by the intentional release of pathogens or toxins as well as loss, their
theft or misuse).

“Protection and prevention of theft, intentional misuse of pathologies/biohazardous
material’.

is a decision-making process in which the results of risk assessment (the
process of estimating workplace hazards) are integrated with economic,
technical, social and political principles to generate strategies for risk
reduction.

One Health is an integrated, unifying approach that aims to sustainably
balance and optimize the health of people, animals and ecosystems.

It recognizes that the health of humans, domestic and wild animals, plants,
and the wider environment (including ecosystems) are closely linked and
interdependent.

While health, food, water, energy and environment are all wider topics with
sector-specific concerns, the collaboration across sectors and disciplines
contributes to protect health, address health challenges such as the emergence
of infectious diseases, antimicrobial resistance, and food safety and promote
the health and integrity of our ecosystem:s.

By linking humans, animals and the environment, One Health can help to
address the full spectrum of disease control — from prevention to detection,
preparedness, response and management — and contribute to global health
security.



ONE HEALTH THE SCIENTIFIC JOURNAL

& RISK MANAGEMENT OF THE MOLDAVIAN BIOSAFETY AND BIOSECURITY ASSOCIATION

CONTENTS | TABLE DES MATIERES

FOREWORD - AVANT-PROPOS
Jan Drobeniuc

Strengthening Viral Hepatitis Prevention and Control
Through a One Health Approach 3

SYNTHESIS ARTICLE - ARTICLES DE SYNTHESE

Mohd Shannawaz, Shikhar Gupta, Nikita Shah, Isha Rathi,
Shazina Saeed, Amrish Chandra, Ruchi Thakur

Long CQOVID: challenges and complications - a systematic review ... 4

Nouhaila Ben Khizzou, Mourad Aarabe, Meryem Bouizgar,

Lhoussaine Alla, Ahmed Benjelloun

Entrepreneurship and innovation ecosystems in the patient

experience: a review of the african context 17

RESEARCH ARTICLES - ARTICLES DE RECHERCHE
Tatiana Schiopu, Lucia Sibii, Elena Zgircu, Mihail Brumarel,
Vladimir Safta, Stela Adauji
Areas of continuing education for pharmacists on the care
of high-risk patients 31

Marius Gorea, Camelia Ciorescu, Liliana Groppa, Lia Chislari,
Victor Cazac, Eugeniu Russu

Clinical and laboratory predictors of therapeutic response
to Tocilizumab in Rheumatoid Arthritis 44

Andrei Ciursin, Roman Rusnac, Aurelian Gulea

Synthesis, absorption, distribution, metabolism, excretion
and antioxidant assay of some N4 - substituted Thiosemicarbazones

of Cinnamaldehyde 54
REQUIREMENTS FOR AUTHORS 63
CERINTE PENTRU AUTORI 64
EXIGENCES POUR LES AUTEURS B85

OLONE HEALTH | wwwhbbamd August 2025 | Volume 6 | Issue 3



THE SCIENTIFIC JOURNAL
OF THE MOLDAVIAN BIOSAFETY AND BIOSECURITY ASSOCIATION

&QN E HEALTH

S K MANAGEMENT

Quarterly edition
Languages of publication: English, French
Founder: Asociatia de Biosiguranta si Biosecuritate din Republica Moldova

Category A

EDITORIAL COUNCIL
Editor-in-chief
BURDUNIUC Olga, PhD, Associate Professaor
Editorial Managers
BALAN Greta, PhD, MPH, Associate Professor
CROITORU Cataling, PhD, Associate Professor

Specialty editor
VLASYK Lyubaov, MD, PhD, Associate Professor
CAZACU-STRATU Angela, PhD, MPH, PhD, Associate
Professor
CEBANU Serghei, PhD, MPH, Associate Professor
FILALI-MALTOUF Abdelkarim, PhD, university professor

EDITORIAL STYLISTS

CAZAC Viarica, stylist editor in English language
MIHALACHI Ing, stylist editor in English language
GUTU lon, stylist editar in English language

NASTASIU Silvia, stylist editor in Romanian language
COSTIN Viarica, stylist editor in Romanian language
COROBCEAN Daing, stylist editor in Romanian laguage
SIMBOTEANU Tatiana, stylist editor in French laguage
BEHTA Emilia, stylist editor in Russian language

STATISTICAL REVIEWERS

PENINA Olga, PhD, Associate Professor
OBREJA Galina PhD, Associate Professor
David Tsereteli, PhD, Associate Professor

EDITORIAL BOARD

HONORARY MEMBERS
CEBAN Emil, PhD, Professor
FRIPTULEAC Grigorie, PhD, Professor
RUDIC Valeriu, PhD, Professor, acad. of ASM

INTERNATIONAL EDITORIAL BOARD
ALBU Adriana, PhD, Associate Professor, 1asi, Romania
BAKANIDZE Lela, PhD, Prafessar, Thilisi, Georgia
BALASOIU Maria, PhD, Professor, Craiova, Romania
BINZ Thomas, PhD, Bern, Switzerland

CODITA Irina, PhD, Assistant Professor, Bucharest,
Romania

COSERI Sergiu, PhD, lasi, Romania

NATIONAL EDITORIAL BOARD
BAHNAREL lon, PhD, Professor
BOAGH! Viorica, PhD, Associate Professor

CEPOI Liliana, PhD, Associate Professor DOMINGUEZ Jose, PhD, Barcelona, Spain

CIOBANU Elena, PhD, Associate Professor ELLIS Maureen, PhD, Associate Professor, Ontario,
COJOCARU Radu, PhD, Associate Professor Canada

CRUDU Valeriu, PhD, Associate Professor FELSZEGHI Sara, PhD, Professor, Sopron, Hungary
CUROCICHIN Ghenadie, PhD, Professor GILLUM David, PhD, Professar, Arizona, USA

DUMITRAS Vasile, PhD, Associate Professor JAVED Muhammad, PhD, Associate Professar, Swabi,
ERHAN Dumitru, PhD, Research Professor Pakistan

GROPPA Stanislay, PhD, Professor, acad. of ASM LADNER Joel, PhD, Associate Professor, Rouen,
GUDUMAC Valentin PhD, Professor France LASSNIG Caroline, PhD, Vienna, Austria

GULEA Aurelian PhD, Professor, acad. of ASM
HOLBAN Tiberiu, PhD, Professor
IAVORSCHI Constantin, PhD, Professor

MACKELLAR Calum, PhD, Professor, Edinburg, Scatland
MARES Mihai, PhD, Professor, lasi, Romania
MIKHEEVA Irina, PhD, Moscow, Russia

NOVOSSIOLOVA Tatiana, PhD, Sofia, Bulgaria

STOIAN Viad, Assistant Prafessar, Cluj-Napoca,
Romania

TAMBIC Arjana, PhD, Professar, Zagreb, Croatia
TRYFINOPOULQU Kyriaki, PhD, Professor, Athens, Greece
VLASYK Leonid, PhD, Professor, Chernivtsi, Ukraine
VYGOVSKA Liliia, PhD, Kyiv, Ukraine

OFEMN ACCESS ‘@ @ \

August 2025 | Volume B | Issue 3

LOZAN Qleg, PhD, Professor

NISTREANU Victoria, PhD, Associate Professaor
POSTOLACHI Olga, PhD, Assaciate Professor
ROJNOVEANU Gheorghe, PhD, Prafessor
SPINEI Larisa, PhD, Professor

TAGADIUC Qlga, PhD, Professor

ISSN 2587-3458 (Print)
e-ISSN 2587-3466 (Online)
Registered at the Ministry of Justice with no. 476676, 05th of July, 2017

$)ONE HEALTH ‘ www.bba.md 2



ONE HEALTH THE SCIENTIFIC JOURNAL

& RISK MANAGEMENT OF THE MOLDAVIAN BIOSAFETY AND BIOSECURITY ASSOCIATION

STRENGTHENING VIRAL HEPATITIS
PREVENTION AND CONTROL
THROUGH A ONE HEALTH APPROACH

Jan DROBENIUC,

MD, PhD

Senior Microbiologist

Centers for Disease Control and Prevention,
Division of Viral Hepatitis

Atlanta, Georgia, United States

Viral hepatitis remains a major global health challenge. The WHO Global Hepatitis Report 2024
estimates that 254 million people are living with hepatitis B, and 50 million people have hepatitis
C worldwide. Hepatitis B and hepatitis C are deadly communicable diseases, with 2.2 million new

infections recorded in 2022.

Global prevalence of hepatitis A, hepatitis D, and hepatitis E varies by region and risk factors.
Hepatitis A and hepatitis E are transmitted through contaminated food and water, while hepatitis
D occurs only in individuals already infected with hepatitis B or newly infected with hepatitis B and
hepatitis D concurrently. The zoonotic nature of hepatitis E has been observed in industrialized and
middle-income countries, and the One Health approach, recognizing the interdependence of human,

animal, and environmental health, provides a valuable framework for tackling this infection.

Laboratory diagnostics play a central role in early detection, prevention, control, and elimination
through timely vaccination and treatment. Leveraging One Health infrastructure catalyzes the
laboratory potential. New serodiagnostic platforms and Point-of-Care (POC) testing facilitate
more efficient decentralized screening, enhancing public health efforts in prevention, control, and
elimination. Advanced molecular characterization and surveillance improve viral identification

and resistance profiling.

The One Health and Risk Management framework fosters informed decision-making through

multidisciplinary research, case studies, and surveillance strategies.

I commend the editorial team and contributors, and urge continued collaboration between
laboratories, academia, clinicians, and public health authorities. Only through joint, evidence-

based efforts can we advance the fight against viral hepatitis.

Disclaimer: The findings and conclusions in this report are those of the author(s) and do not necessarily

represent the official position of the Centers for Disease Control and Prevention.

Dr. Jan Drobeniuc

HONE HEALTH | wwwhbbamd 3 August 2025 | Volume 6 | Issue 3
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SYNTHESIS ARTICLE - ARTICLES DE SYNTHESE

T MEDICAL LONG COVID: CHALLENGES AND COMPLICATIONS —
SCIENCES A SYSTEMATIC REVIEW

ok ¢ Mohd SHANNAWAZ'® shikhar GUPTAI®, Nikita SHAH'® Isha RATHI®.

Shazina SAEED'™, Amrish CHANDRAZ™, Ruchi THAKUR?
‘E;;I @ | Amity Institute of Public Health, Amity University, Noida
eAmrish Chandra, Sharda University, Greater Noida

Corresponding author; Mohd Shannawaz, e-mail: shahnawaz725@gmail.com
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ABSTRACT

Introduction Long COVID, a condition that follows the acute phase of COVID-19, presents diverse clinical, psycho-
logical, and socioeconomic challenges, with complications such as fatigue, cognitive impairment,
musculoskeletal issues, and mental health conditions. Despite its impact, the burden of long COVID
symptoms on public health remains underexplored. This systematic review synthesizes current
evidence on the complications and challenges of long COVID to inform healthcare providers and
policymakers.

Material and methods A systematic literature search was conducted using PubMed and Scopus databases for studies
published between January 2020 and August 2024. Articles were selected based on inclusion cri-
teria, including both gualitative and quantitative studies. The review adhered to PRISMA guidelines,
and the risk of bias was assessed using the NIHR risk-of-bias toal.

Results A total of 23 studies from 17 countries were included. Findings presented a multifaceted burden,
with physical symptoms such as fatigue (5.5%-84.4%), brain fog (67%), headaches (5%-76.6%) and
sleep disturbances (22%-60.9%). Psychological impacts were also prominent, with anxiety and de-
pressiaon frequently reported. Socioeconomic consequences were substantial, with up to 42.3% of
individuals unable to return to work.

Conclusions Long COVID poses significant challenges to individuals and public health systems. Despite emerg-
ing insights, there are substantial gaps in understanding and managing long COVID, underscoring
the need for further research and comprehensive healthcare strategies.

Keywords Long COVID, Post COVID-19 Syndrome, Post SARS-CoVe, COVID-19.

SINDROMUL POST-COVID: PROVOCARI S| COMPLICATII - O REVIZUIRE SISTEMATICA

Introducere Sindromul post-COVID, o afectiune care survine dupa faza acuta a COVID-18, presupune diverse pro-
vacari clinice, psihologice si socioeconomice, incluzand complicatii precum oboseala, tulburérile co-
gnitive, problemele musculo-scheletale si afectiunile de sanatate mintala. In pofida impactului séu,
manifestarea simptomelor asociate sindromului post-COVID asupra sanatatii publice ramane insu-
ficient investigata. Aceasta revizuire sistematica sintetizeaza dovezile actuale privind complicatiile
si provacérile sindromului post-COVID si a fost realizaté cu scopul de a informa cadrele medicale si
factorii de decizie.

Material si metode Afost realizata o cercetare sistematica a literaturii in bazele de date PubMed si Scopus pentru studii pu-
blicate intre ianuarie 2020 si august 2024. Articolele au fost selectate pe baza unor criterii de includere,
fiind luate in considerare atat studii calitative, cat si cantitative. Revizuirea a respectat ghidul PRISMA, iar
riscul de biais a fost evaluat utilizand instrumentul de estimare a riscului de biais al NIHR.

Rezultate Cercetarea a inclus 23 de studii din 17 tari. Rezultatele au relevat un profil simptomatic complex:
oboseald (55%-844%), disfunctii cognitive (67%), cefalee (5%-76,6%) si tulburarile de somn (22%-—
80,9%). Impactul psihologic a fost de asemenea semnificativ, anxietatea si depresia fiind raportate
frecvent. Consecintele socioeconomice au fost considerabile, pané la 42,3% dintre persoane ne-
putand sa revina la munca.

Concluzii Sindromul post-COVID reprezinta o provocare serioasa atat pentru un individ luat in parte, cat si
pentru intreg sistemul de s&nétate publica. In pofida progreselor inregistrate, ne confruntdm incé
cu lacune semnificative in domeniul constientizarii si gestionarii acestei afectiuni. Acest fapt eve-
dentiazé necesitatea desfasurarii unar cercetéari suplimentare si a elaborarii unor strategii de ingri-
jire complexe.

Cuvinte-cheie Long COVID, Sindrom post-COVID-19, Post SARS-CoV-2, COVID-18.
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INTRODUCTION

The world faced an unprecedented challenge due to the emergence of the
COVID-19 pandemic, which led to increased morbidity and mortality. The
COVID-19 disease was caused by the novel severe acute respiratory syn-
drome (SARS) coronavirus-2 (SARS-Cov-2) (1). COVID-19 presented with a
wide array of manifestations, with most cases being a mild infection (80%).
However, 20% of infected patients could develop severe disease, and 5%
may become critically ill and develop pneumonia or acute respiratory dis-
tress syndrome, thus necessitating mechanical ventilation and intensive care
unit hospitalization (2). COVID-19 patients with accompanying comorbid ail-
ments (hypertension, diabetes mellitus, cardiac/renal disorders, etc.) were
most vulnerable to developing life-threatening complications (septic shock,
acute respiratory distress syndrome, etc.), finally resulting in the patient’s
death (3). Long COVID posed a new problem as the globe struggled to deal
with the fallout from this unprecedented public health emergency. It was in
the Spring of 2020 that the term Long COVID was described by patients who
were not recovering from the acute COVID-19 infection (4). After the initial
acute infection, like many other viral disorders, a multitude of long-lasting
symptoms had been described. A provisional definition would be persistent
symptoms and potential sequelae beyond four weeks from onset, of which
the main features are breathlessness, cognitive impairment, fatigue, anxi-
ety and depression (5). The often mentioned “brain fog” is characterized by
difficulties with concentration, memory and executive function (6). Post-vi-
ral syndrome is more common in depressed patients but can occur after a
number of viral infections, for example EBV, HSV and HTLV (7). Globally,
these manifestations have had a substantial influence on people’s everyday
functioning and quality of life. The World Health Organization has defined
long COVID as the emergence or persistence of new symptoms three months
following the original SARS-Cov-2 infection, and these symptoms must last
for at least two months with the absence of an alternate diagnosis (8). As per
existing research, the total anticipated cost in the United States alone by au-
tumn of 2021 from direct economic losses combined with COVID-19-related
mortality, morbidity, and relative mental health effects was $16 trillion (9).
Within two years of the pandemic’s onset, extensive information was gath-
ered on the effects of long COVID, its treatment, and prevention strategies
(10). However, the exact nature and its burden of long COVID symptoms on
public health is not investigated widely. With the increasing number of pa-
tients across the world witnessing prolonged symptoms and complications
due to Coronavirus disease, we conducted this systematic review to provide
a thorough overview of the disease by synthesizing the available data on the
challenges and complications associated with long-COVID. This review aims
to identify the most common clinical complications and challenges associat-
ed with long COVID across global populations.

MATERIAL AND METHODS

SEARCH STRATEGY

The systematic review of literature was conducted using the 2020 Preferred
Reporting Items for Systematic Literature Reviews and Meta-Analyses
(PRISMA) guidelines and was registered with the Prospective Register
of Systematic Reviews (PROSPERO). The registration ID of this review is
CRD42024578106, and it can be accessed at https://www.crd.york.ac.uk/
prospero/#myprospero. The PRISMA guidelines includes a 27-item checklist
which attests to transparency, iteration and complete reporting for systematic
reviews. The literature search was conducted on PubMed and Scopus
databases. We used the following Medical Subject Headings (Mesh) terms for
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our literature search — “challenges” OR “complications” (Subheading) AND
“Post-Acute COVID-19 Syndrome”(Mesh). We also assessed the references of
the selected articles to ensure that no study is missed while doing the initial
searches.

ELIGIBILITY CRITERIA:

This systematic review considered as inclusion and exclusion criteria the fol-
lowing items:

Inclusion Criteria
Studies published in English language;

Studies discussing the challenges and complications of long COVID/post
COVID-19 syndrome;

Qualitative and Quantitative studies;
Studies published since January 2020 to August 2024.

Exclusion Criteria
Studies focusing on acute COVID-19;
Studies published in languages other than English;

Review articles, Systematic reviews, Case series/reports, commentaries not
reporting primary findings were excluded;

Studies discussing only about a particular challenge or complication of long-
COVID with a disease condition;

Studies that hypothesize post-COVID-19 sequelae.

STUDY SELECTION

Two independent researchers conducted the literature search in August 2024
using specified inclusion and exclusion criteria. In the initial stage, literature
studies were screened on the basis of title and abstracts. Further, an in-depth
review of the selected studies was performed to assess their eligibility for
this review based on the inclusion criteria. The studies which had discussed
about challenges and complications of long COVID were included in this re-
view and independently analyzed by two researchers. Any disagreements
among the researchers were settled by careful deliberation; if agreement
could not be reached, the principal investigator, a third researcher, was con-
sulted to make the final decision.

DATA EXTRACTION

The findings from each of the selected studies were compiled into Microsoft
Excel. We assessed the findings under the following sub-headings: title of the
study, authors, year in which study was conducted, sample size, country, type
of study, result, and outcomes (challenges and complications of long COVID)
to present a summary of our findings.

RISK OF BIAS ASSESSMENT

The risk of publication bias was performed using the R package and Shiny
web app for visualizing risk-of-bias assessments which has been introduced
by the National Institute of Health Research (NIHR) (11). The 2020 version of
the software was used for the analysis. A total of 23 studies met the inclusion
criteria and were included in our systematic review. The tool assessed the
studies under the following domains 1. Bias arising from the randomization
process 2. Bias due to deviations from intended interventions 3. Bias due to
missing outcome data 4. Bias in measurement of the outcome 5. Bias in selec-
tion of the reported result and 6. Overall Bias.
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RESULTS
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INCLUDED

A total of 23 articles meeting the inclusion criteria were selected in this re-
view. Our initial search revealed 5083 articles, and after exclusion of articles
based on title, abstract, study design, and duplicate records, we included 23
studies in our review. The selection process adheres to the guidelines outlined
in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA); (fig. 1) depicts the selection process.

IDENTIFICATION OF STUDIES VIA DATABASES AND REGISTERS

Records identified from databases

Pubmed and Scopus:
(n=5083)

!

Records screened
(n=3014)

Reports sought for retrieval
(n=249)

Reports assessed for eligibility
(n=221)

Studies included in review
(n=23)

Records removed befare screening:

Duplicate records removed (n = 18)

Records marked as ineligible by initial screening
(n=2016)

Records removed for other reasons (n = 35)

Records excluded:
On the basis of title and abstract (n = 2765)

Reports not retrieved:
Full text articles not available (n = 28)

Reports excluded:
Articles which were focusing on specific
disease or condition only (n = 198)

Figure 1. Prisma flowchart.

STUDY CHARACTERISTICS

The selected studies included were cross-sectional studies, cohort studies,
and observational studies published from January 2020 to August 2024. A
detailed representation of the included studies is depicted in (tab. 1).
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Table 1. Table of study characteristics.

Author Year Se'lsrirggle Country Study Type Findings
Tabacofetal. | 2022 156 us Cross- Fatigue — 82%, brain Fog - 67%, headache - 60%,
(12) sectional sleep disturbances - 59%, reduction in patients
study in full - time work (pre - COVID: 76%, post — COVID: 41%),
anxiety disarder - 19%, major depressive disorder - 28%
Twomey et al. | 2022 213 UK Cross- Persistent symptoms for more than 6 months - 72.3%,
(13) us sectional lacking healthcare support - 33%,
Canada not able to wark - 42.3%, reduced working
hours - 41.8%, Chronic fatigue - 71.4%,
breathing discomfort - 55.2%
Naik etal.(14) | 2021 | 1234 India Observational | Persistent symptoms - 40.11%, long COVID symptoms
study reported beyond 12 weeks - 9.9%, myalgia - 10.9%,
Fatigue - 5.5%.
Gerardetal. | 2021 | 548 France Prospective | 6 months follow - up - reduced muscle strength - 14.3%,
(15) Cohort Study malnutrition and weakness - 81%, impairment - 18.5%,
Asthenia - 16%, Mood disorder & anxiety - 10%,
Dyspnea - 76%
Walker et al. 2023 | 3754 UK Cross- Pain/Biscomfart - 96.2%, Anxiety/Depression - 95%,
(18) sectional Lost =1 day from work in the previous 4 weeks - 51%,
study Unable to work at all - 20%, Functional impairment
(moderate to severe) - 53%
Mutiawati 2022 215 Indonesia Cross- Persistent Fatigue - 177%, prolonged headache - 72%,
etal. (17) sectional poor guality of life - 21.4%
study
Imoto et al. 20e2 285 Japan Cross- In 50% patients: persistent fatigue, alopecia,
(18) sectional concentration & memary problems, sleeplessness, joint
study pain, and headache - >50%
Gutierre 2022 | 206 Mexico Observational | Persistence of 1 or more symptoms - 73.3%,
Canales et al. study fatigue - 36.9%, anxiety - 26.2%, headache - 24.8%,
(19) alopecia - 22.8%, inability to walk - 5.8%
Badinlou 2022 507 Sweden Cross- Depression — 55%, anxiety - 20.5%, insomnia — 60.9%,
et al. (20) sectional post-COVID impairments and severe fatigue linked to
study poor mental health outcomes
Tsuzukietal. | 2022 457 Japan Cross- Persistence of at least 1 symptom longer than 4 weeks
(21) sectional after COVID-19 symptom onset - 44%,
persistent Fatigue — 12.7%, Alopecia - 12%
Titzede - 2022 | 236 Brazil Cohort study | Persistent fatigue - 21.2%, headache - 191%,
Almeida et al. myalgia - 16.1%, memory complaints - 39.8%,
(22) anxiety >33%, depression - 45%,
declined sleep quality - 45.8%, sleepiness - 41.5%
Kimetal. (23) | 2022 678 Korea Prospective | Concentration Difficulty - 224%, cognitive dysfunction -
study 21.2%, amnesia - 19.9%, depression - 178%, fatigue and
anxiety - 16.2%, mability problems - 79%, problems with
daily activities - 154%, pain/discomfart - 22%,
anxiety/depression - 40.7%
MacEwan 2022 21 us Qualitative Patients faced care barriers from praviders' disbelief,
et al. (24) study struggled to communicate symptams, felt helpless, and
worried about long-term health impacts.
O)ONE HEALTH | wwwhbamd 8 August 2025 | Volume B | Issue 3
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Balderas 2023 | 215 Mexico Prospective | Children with Persistent Symptoms at 2 Months - 32.6%,
et al. (25) study patients with comorbidities - 674%, long-term sequelae
- anxiety, alopecia
Reuschke 2022 | 14 M UK Observational | Left employment - 114%, employment exits in
et al. (26) study elementary occupations - 43%
Sykes et al. 2021 | 134 England | Observational | Breathlessness (compared to pre - COVID-19 state)
(27) study 60%, myalgia - 51.5%, anxiety — 478%, extreme fatigue -
396%, low mood - 37.3%, sleep disturbance - 35.1%
Delbressine 2021 | 239 Belgium, Longitudinal | Participants unable to be physically active or perform
et al. (28) Netherlands study sports at 8 manths - 12%, weekly walking time
at 68 months follow up:80 (30-150) min./week
(lower than pre - COVID-19;)
Asadi-Poaya 2021 58 [ran Observational | Fatigue - 21%, shortness of breath - 12%, exercise
et al. (29) study intolerance - 12%, walking intolerance - 9%, sleep
difficulty - 5%, muscle pain - 5%, joint pain - 5%,
headache - 5%
Karaarslan 2021 118 Turkey cohort study | Rheumatic and musculoskeletal symptom at 8 months -
et al. (30) 43.2%, fatigue 31.6%, joint pain - 18.6%, myalgia - 15.1%,
dyspnea - 25.3%, hair loss - 20.0%
Rass et al. 2022 76 Austria Observational | New and persistent neurological disarders - 12%, fatigue
(31) cohort study | —38%, concentration difficulties - 25%, fargetfulness
- 25%, sleep disturbances - 22%, myalgia - 17%, limb
weakness - 17%, headache - 16%, impaired sensation
- 16%, hyposmia - 15%, cognitive deficits - 18%,
depression - 6%, anxiety — 29%, post - traumatic stress
disorder - 10%
Shah et al. 2022 | 300 Nepal Prospective | Fatigue - 28.3%, shortness of breath - 8.7%,
(32) study alopecia - 18.3%, anosmia - 4.3%, ageusia - 4.3%
Degaldo- 2022 77 Spain Cross Patients reparted symptoms influencing work capacity
Alonso et al. sectional - 974%, cognitive issues — 92.2%, fatigue — 84.4%,
(33) study headache - 768%, sleep disorders - 70.1%, weakness
- B6.2%, anxiety/depression - 5%, dizziness - 55.8%,
dyspnea - 58.7%, cognitive complaints - 46.8%
Bungenberg | 2022 49 Germany Longitudinal | Fatigue - 74%, cognitive complaints - 70%, difficulties in
et al. (34) observational | attention and concentration - 56%, memary complaints
study - 38%, smell and/or taste disturbances - 52%, sleep
problems - 44%, headache - 22%

Our selected studies were conducted in multiple geographic locations, which
included 17 countries. The majority of the selected studies were conducted
amongst adults aged 18 years or more, while 2 (25, 29) studies were con-
ducted in children. The minimum sample size in 1 of the studies was 21 (24),
which was a qualitative study conducted in the US, while the largest sample
size was 3754 (16) in a cross-sectional study design conducted in the UK.

As per the findings from the included studies of our review, we have divided
the results into the following categories of physical and neurological symp-
toms, psychological and social impact, challenges in healthcare delivery ser-
vices, employment-related issues and impairment of health-related quality
of life.
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Physical and Neurological Symptoms

Fatigue was the most commonly reported long COVID symptom, with preva-
lence ranging from 5.5% to 84.4% across studies (12-23, 27, 29-34). This was
followed by brain fog or cognitive impairment, reported in up to 67% of cas-
es (12), and headaches, with a prevalence ranging from 5% to 76.6% (12, 17,
18, 19, 22, 29, 31, 33, 34). Sleep disturbances were observed in 22% to 60.9%
of participants (12, 18, 20, 22, 27, 31, 34), while myalgia or reduced muscle
strength ranged from 10.9% to 51.5% across studies (14, 22, 27, 30, 31). Stud-
ies conducted in Austria and Germany further highlighted the persistence
of neurological symptoms, including concentration difficulties, cognitive im-
pairment, and memory complaints in individuals with long COVID (31, 34).

Psychological and Social Impact

Long COVID is associated with significant psychological and social repercus-
sions, particularly anxiety and depression, with reported prevalence ranging
from 5% to 95% across studies (12, 15-16, 19-20, 22-23, 25, 27, 31, 33). Mental
health has also been significantly impacted by the social isolation and loss of
habits caused by long COVID.

Challenges in Healthcare Delivery Services

Patients also faced challenges in healthcare delivery services during Long
COVID. In a qualitative study conducted in the US, patients reported concerns
regarding the lack of comprehension of the healthcare professionals and the
lack of addressing long-term COVID symptoms (24). In another study across
the UK, US, and Canada, 1/3* of the long-COVID patients reported not receiv-
ing assistance from their medical healthcare team for their chronic symp-
toms (13).

Employment-Related Concerns

Long-term COVID has significantly impacted employment. In a study in the
US, there was a significant decline in the proportion of patients working full-
time from 76% pre-COVID to 41% post-COVID (12). In a study in the UK, the
authors reported 20% of post-COVID patients were unable to work at all, and
51% missed at least 1 workday in the past 4 weeks due to long COVID symp-
toms (16). In another study in the UK, 11.4% of patients with long COVID had
left their jobs (26), and 31.6% of patients reduced their working hours post-
COVID in a study conducted in Spain (33).

Health-Related Quality of Life with Physical Inactivity

Physical inactivity and reduced functional ability are common consequenc-
es of long COVID. In a study in the US, patients were likely to exercise for
150 minutes less per week after contracting COVID-19 (12). As per a study in
Belgium, 44% of patients were unable to do physical activities at 3 months
post-infection. Even though this improved to 12% at 6 months, the walking
time continued to be less than pre-COVID levels even after 6 months (28).

ASSESSMENT OF RISK OF BIAS

Risk of bias was assessed using the R-based ROBVIS software package. Of the
23 included studies, 16 (69.6%) were rated as having a low risk of bias, 5
studies (21.7%) had some concerns, and 2 studies (8.7%) showed a high risk
of bias (Figures 2 and 3). Each study was evaluated across five key domains:
randomization process, deviations from intended interventions, missing out-
come data, measurement of outcomes, and selection of the reported results.
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Figure 2. lllustration of the Risk-of-Bias Domains.
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Figure 3. Depiction of the Overall Risk of Bias.

Long COVID refers to persistent or newly developed symptoms occurring
after the acute phase of SARS-CoV-2 infection, often lasting weeks to many
months. In some individuals, new symptoms may emerge after an asymp-
tomatic period following recovery from the acute infection (35). This system-
atic review highlights the complex and far-reaching impacts of Long COVID
on individuals’ physical, neurological, and psychological health, as well as on
the healthcare system and overall quality of life.

FATIGUE AND MUSCULOSKELETAL SEQUELAE

Musculoskeletal complications are among the most common and significant
outcomes experienced by long COVID survivors, with predominant symp-
toms including persistent fatigue, muscle pain (myalgia), muscle weakness,
joint pain (arthralgia), and skeletal muscle damage (36). The most common
symptom that has affected individuals was found to be fatigue, as reported in
many studies (37, 38). We observed heterogeneity in the prevalence rates of
fatigue, ranging from 5.5% (14) to 84.4% (33) across the included studies. This
variation could be attributed to differences in study designs (e.g., cross-sec-
tional vs. cohort vs. qualitative), sample sizes (ranging from 21 to over 1.4
million participants), and timing of post-COVID symptom assessments. Phys-
iological mechanisms underlying these complications may include direct vi-
ral infection, systemic inflammation, and lifestyle disruptions. Studies have
identified ACE2 receptors and TMPRSS2 proteins in musculoskeletal tissues,
suggesting that SARS-CoV-2 may directly infect these areas. (39). Addition-
al pathological findings such as muscle fiber atrophy, necrosis, immune cell
infiltration, and neuronal demyelination further contribute to the biologi-
cal basis of fatigue and weakness (40, 41, 42). Lifestyle changes during the
pandemic (e.g., reduced activity, poor sleep) may have compounded these
outcomes (43).

COGNITIVE AND NEUROLOGICAL IMPAIRMENTS

Cognitive dysfunction, including memory loss, impaired concentration, brain
fog, and sleep disturbances, was frequently reported (31, 34). A meta-analysis
reported significant cognitive impairments in Long COVID patients, includ-
ing deficits in executive function, memory, attention, and processing speed
(44). Another review found persistent neurological symptoms — such as en-
cephalitis, seizures, mood swings, and brain fog — lasting up to 2-3 months
post-infection (45). Studies reported significant cognitive and neurological
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impairments in Long COVID patients, including deficits in executive func-
tion, memory, attention, processing speed, as well as symptoms like enceph-
alitis, seizures, mood swings, and brain fog lasting up to 2-3 months post-in-
fection (44, 45). Additionally, our study reported similar findings, including
fatigue, forgetfulness, sleep disturbances, limb weakness, cognitive deficits,
and post-traumatic stress disorder even a year after infection (31). Neuro-
psychiatric symptoms in COVID-19 survivors are linked to the virus entering
brain cells via ACE2 receptors and TMPRSS2, while severe cases may trigger
cytokine storms causing thrombotic issues like DIC (46, 47).

PSYCHOLOGICAL AND SOCIAL IMPACT

Long COVID has significant social and psychological impacts. In included
studies, it was observed individuals had high rates of anxiety (16.2%-55%),
depression (up to 20.5%), and insomnia (up to 60.9%) among post-COVID pa-
tients (12, 20). These mental health issues are often linked to job loss, social
isolation, poor physical health, and disrupted daily functioning. Patients also
expressed concerns about long-term effects on life expectancy and aging,
highlighting the ongoing psychological burden of the condition (24). A study
reported that nearly half of the patients remained emotionally affected after
8 weeks, with 28 requiring further mental health care (50).

CHALLENGES IN HEALTHCARE

Long COVID has posed striking challenges for healthcare systems around the
world. Patients have reported significant obstacles with regards to access to
care, managing long-term symptoms, and receiving an adequate diagnosis.
In a qualitative study conducted in the US, many patients felt their symp-
toms were disregarded or not adequately assessed by health professionals,
and they often felt misunderstood by them. The study also reported patients
being confused on how to effectively communicate their symptoms and con-
cerns regarding the absence of well-defined treatment guidelines (24). The
frustration and concern of patients battling with the long-term impacts of
COVID-19 infection may have left them worried about the management of
their prolonged symptoms in the future. A study reported that patients living
with long COVID shared that they suffered with a range of symptoms and felt
‘abandoned’ and ‘dismissed’ by healthcare providers and got conflicting or
limited advice (48). One third of patients in another study reported being ill
or in a worse clinical condition than at the onset of infection, even at eight
weeKks (49).

IMPACT ON EMPLOYMENT AND DAILY FUNCTIONING

Beyond physical and neurological impacts, long COVID has significantly
affected employment levels among patients who have reported a reduced
working capacity or being unable to work at all, as reported in our included
studies. (12, 13, 16, 26). The main reasons for reduced working hours and
capacity to work were found to be fatigue, cognitive problems, and psycho-
social variables, as reported in our studies. In another study, the authors
reported that amongst 195 patients who were employed prior to hospital-
ization, 40% of them could not return to work within 8 weeks of discharge
due to persistent symptoms or loss of job and of the ones who could resume
work in this study, a quarter had to reduce their working hours or alter their
responsibilities due to health issues (50) About 70% of previously admitted
patients for COVID-19 also could not return to work at 3 months after admis-
sion, as reported in another study (51).

Health-related quality of life has also been known to be impacted by long
COVID, especially with respect to physical inactivity. In a study in Belgium,
12% of participants post-COVID-19 were unable to be physically active and
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CONCLUSIONS

CONFLICT OF INTEREST

perform sports at 6 months (28). In a study in Indonesia, 21.4% of patients
reported poor quality of life due to headaches caused by post-COVID infec-
tion (17). 5.8% of patients in a study conducted in Mexico reported inability
to walk as a frequent complication of long-term COVID (19) and 7.9% of pa-
tients had mobility problems, and 15.4% reported challenges with their daily
activities in a study in Korea (23). Studies have attributed these impacts to
marked deficits in mental health and a lack of social engagement (17, 23).
An all-encompassing management of both physical and psychological distur-
bances can help reduce the impact of post-COVID symptoms on the daily lives
of individuals.

Our findings highlight that long COVID follows a prolonged and multifaceted
course, with symptoms like fatigue, brain fog, sleep disturbances, and myal-
gia persisting for months after infection. Studies reported physical, neuro-
logical, and psychological complications, with impacts on employment and
access to healthcare. The persistence and overlap of these symptoms suggest
that long COVID does not follow a uniform trajectory but varies based on
individual, clinical, and contextual factors, necessitating long-term multidis-
ciplinary care.

This systematic review comprehensively evaluates the challenges and com-
plications faced by patients with long COVID. The insights derived from this
review can help identify key specific areas for intervention, particularly in
addressing clinical, psychological, and socioeconomic complications. Under-
standing these issues will enable the development of targeted strategies to
mitigate the long-term effects of long COVID and improve patient outcomes.

The findings of this review are critical for healthcare policymakers and pro-
viders as they work to develop protocols that address the gaps in care for
long COVID patients. The COVID-19 pandemic has underscored the need for
upgraded healthcare systems, particularly in low- and middle-income coun-
tries, to adapt to new challenges, with long COVID complications as emerging
public health challenge.

Our review emphasizes the urgent need for multidisciplinary post-COVID
care pathways that seamlessly integrate physical, psychological, and social
health services into routine healthcare. Such comprehensive approaches can
strengthen clinical guidelines and support evidence-based policymaking,
helping health systems become more resilient in managing long COVID and
future public health challenges.

The authors have no conflicts of interest associated with the material pre-
sented in this paper.
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In the current healthcare context in Africa, numerous challenges remain to be addressed, including
limited access to services, disparities in the quality of care, and inequalities in health outcomes.
Furthermore, the lack of innovative business madels capable of responding to the diverse and
evalving needs of patients represents a major abstacle. This situation highlights the need to further
integrate the patient's experience into the design of healthcare services, which could transform
traditional business maodels by incorporating a human-centered and experiential dimension.

A systematic review of the existing literature was conducted to identify and synthesize the main
contributions in this field.

We examined the fundamental principles of a business model that emphasizes patient experience,
particularly in the healthcare sector in Africa. We also explored the factars influencing the eco-
nomic functioning of these experience-based healthcare services. In addition, we analyzed the
different ways in which these services are organized and marketed. Finally, we assessed how key
performance indicators relate to various components of the experience-driven business madel in
healthcare.

Athearetical framework will be developed to clarify the experiential business model and its implica-
tions for healthcare stakeholders, particularly regarding its design, promation, and implementatian.

Business models, patient experience, healthcare, Africa.

ECOSISTEME ANTREPRENORIALE SI DE INOVARE iN EXPERIENTA PACIENTULUI DIN AFRICA: REVIU SISTEMATIC

Introducere

Material si metode

Rezultate

Concluzii

Cuvinte-cheie

In contextul actual al sistemului de sénatate din Africa, existd numeroase provocéri care trebuie abor-
date. Acestea includ accesul limitat |a servicii, disparitati in calitatea ingrijirii si inegalitati in rezultatele
de s&nétate. In plus, lipsa unor modele de afaceri inovatoare, capabile sa rdspunda diverselor nevoi
in continud schimbare ale pacientilor, reprezintéd un obstacol major. Aceasta situatie evidentiaza ne-
cesitatea integrarii mai profunde a experientei pacientului in proiectarea serviciilor medicale, ceea
ce ar putea duce la transformarea modelelor traditionale de afaceri prin includerea unei dimensiuni
centrate pe om si pe experienta.

A fost realizaté o revizuire sistematica a literaturii existente pentru identificarea si sintetizarea principa-
lelor contributii in acest domeniu.

Au fost studiate principiile fundamentale ale unui madel de afaceri care pune accent pe experienta
pacientului, in special in sectorul sanatatii din Africa. De asemenea, au fost analizati factorii care
influenteaza functionarea economica a acestor servicii medicale bazate pe experienta. in plus, am
examinat diferite modalitati de organizare si promovare a acestor servicii. In final, am analizat mo-
dulin care indicatorii cheie de performanta se raporteaza la diferite componente ale modelului de
afaceri axat pe experienta in domeniul sanatatii.

Va fi elaborat un cadru teoretic pentru a clarifica modelul de afaceri bazat pe experienta si impli-
catiile acestuia pentru ,actorii* din domeniul sanatatii, in special in ceea ce priveste proiectarea,
promovarea si implementarea.

modele de afaceri, experienta pacientului, servicii medicale, Africa.
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INTRODUCTION

Over the past few decades, the concept of patient experience has undergone
substantial evolution within healthcare systems worldwide. As noted by
Wolf, this transformation has progressed from a rudimentary measure of
satisfaction to a holistic approach encompassing the emotional, social, and
behavioral dimensions of the care journey (1). Giebel et al. further empha-
size that this shift represents a paradigm change in which patient-centered
care has become a foundational element of organizational strategies in
healthcare (2).

The Experiential Business Model (EBM) represents a substantial conceptual
innovation in the management of healthcare organizations, going beyond
conventional approaches by prioritizing value co-creation and emotional
engagement at the heart of organizational strategy. In the healthcare sec-
tor, Busch et al demonstrate that this model can significantly improve the
quality of care while optimizing operational efficiency (3). The integration
of Biomedical Engineering Institutes (BIIs) into healthcare facilities, as
explained by (4), facilitates the development of personalized experiences
that enhance patient engagement and improve clinical outcomes. The Af-
rican context presents particularities that require specific adaptation of
the EAR (Enterprise Application Archive). Maphumulo & Bhengu, highlight
the structural and contextual challenges facing African healthcare systems
that negatively affect patient experience (5). In South Africa, there is a pro-
nounced gap between the satisfaction levels of private and public provid-
ers, as shown by (6). Cultural dynamics also have an impact on interactions,
with some people feeling marginalized, fostering mistrust and discourag-
ing them from seeking care (7). Understanding patients’ experiences is es-
sential to improving healthcare delivery in Africa. In addition, the public
health sector faces inadequate funding, poor infrastructure and a shortage
of qualified staff.

The limited adoption of the EBM across the continent raises important ques-
tions regarding its contextual adaptation and the mechanisms required to
overcome barriers to its implementation. Within this framework, the present
study seeks to explore the potential of the experiential business model in
African healthcare, based on a systematic review of the existing literature.
The analysis aims to identify strategic levers and adjustments necessary for
integrating this model into environments as diverse and complex as those
found in Africa. This reframing encourages healthcare systems to position
themselves as facilitators of holistic care experiences, thereby fostering trust
between patients and providers while strengthening the overall healthcare
ecosystem.

The main contributions of this article are as follows: first, it examines the
conceptual foundations of patient experience, its transformation through in-
novation, the role of entrepreneurial ecosystems, and the defining features of
experiential business models. Second, it details the methodological approach,
which involves a systematic literature review. Finally, it presents results and
proposes concrete strategies for clarifying the experiential business model
and its implications for healthcare stakeholders. The overarching objective
is to enrich the body of knowledge on integrating patient experience into
healthcare services in Africa, with the aim of fostering patient loyalty. The
findings underscore the need for innovative business models that prioritize
human-centered approaches and seek to transform conventional practices in
the healthcare sector.
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MATERIAL AND METHODS

SYSTEMATIC LITERATURE REVIEW

The aim of this Systematic Literature Review (SLR) is to develop comprehen-
sive and coherent theoretical concepts. This objective is pursued through
the synthesis of existing evidence and the identification of methodological
gaps in prior research. The study will commence with a descriptive analy-
sis, followed by a qualitative analysis that examines the thematic patterns
present in the literature. This approach is intended to identify critical vari-
ables rather than merely grouping findings into broad thematic categories,
thereby providing a stronger analytical foundation. Furthermore, the review
will adopt an integrated perspective on patient experience and the patient
journey, while also examining emerging technologies and innovations in the
field. Finally, strategies to minimize the risk of bias will be outlined.

ARTICLE SELECTION PROTOCOL

In this study, primary literature was collected using the Web of Science
(WOS) database. The WOS database is widely regarded as one of the most
comprehensive and reliable academic databases, incorporating a wide
range of renowned publishers and journals. To ensure the relevance of the
information collected, emphasis was placed on journal articles, as they are
considered to provide more in-depth and impactful research than confer-
ence proceedings (10).

The selection process was carried out meticulously in three stages. First, we
conducted a search using specific search terms. These search terms included
expressions such as:

(“Business model” OR “Commercial strategy” AND “digital transformation” OR
“innovation” AND “Healthcare” OR “Medical care” AND “Patient experience”
OR “Patient journey” AND “Africa” OR “continent of Africa”)

Only articles published in journals specializing in patient experience were
selected. In the subsequent step, the selection was refined by reviewing ab-
stracts, with particular attention to studies addressing strategic issues. This
process yielded a total of 60 articles. In the third phase, exclusion criteria
were applied following a comprehensive review of the full texts. This phase
resulted in the retention of 28 articles (Tab. 1).

Table 1. Results filtering process.

Initial search

Keyword search with equation 80 850 documents identified

Limited to Business, Management,

Filter by domain g e = 10,901documents
Filter by document type Limited to items 998 documents
Filter by language Limited to articles in English 960 documents
Filter by access Limited to open access articles 775 documents

Filter by citations

Selection of the most quoted articles | 28 documents
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RESULTS

1

0
2008

CODING AND ANALYSIS TECHNIQUE

After identifying 28 articles that met the sample selection criteria, the data
were processed using NVivo 15. A thematic analysis was performed to identi-
fy critical variables related to the business model, the healthcare sector, and
the patient experience. These variables were subsequently classified into
themes and incorporated into a conceptual framework (3, 10). The results
were strengthened by situating them within a clearly defined conceptual
framework grounded in well-established theoretical foundations from the
existing literature.

The analytical process comprised the following steps:

. Idea generation from primary studies. In this stage, the significant find-

ings from each reviewed article were identified and documented.

. Data coding, synthesis, and simplification. Recurring patterns and themes

were identified through systematic analysis of results with similar contexts
and concepts. Findings were organized according to a predefined coding sys-
tem, which facilitated the grouping of results and the subsequent identifica-
tion of themes. Keywords encapsulating these findings were then extracted.

. Development of a contextual framework. Based on the initial literature,

a contextual framework was formulated and organized into three compo-
nents: the design, promotion, and practices of the experiential healthcare
business model.

DESCRIPTIVE ANALYSIS

The annual distribution of publications (Fig. 1) reveals a marked upward
trend beginning in 2022, peaking at seven publications in 2023 - the highest
level of activity in the corpus. Although 2024 recorded a slight decline, publi-
cation levels remained relatively high.

2010 2012 2014 20186 2018 2020 2022 2024 2026

Figure 1. The visualization shows the number of publications published each year.
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TYPES OF REFERENCES

The distribution of the 28 references by type is shown in fig.2. Articles were
the main source of information for our literature review, accounting for 71%
of the total. The other references were book chapters (11%) and conference
papers (17%).

articies |

Conference papers -

Book chapters _

0 5 10 15 20 25

Figure 2. The types of references.

PUBLICATION SOURCES

The table below presents the main journals in which the selected sources
were published. Most articles appeared in management and public health
journals, suggesting that these are the preferred venues for research on en-
trepreneurship and innovation ecosystems in the context of patient experi-
ence. According to the data, 60% of studies on experiential business models
were published across 17 different journals classified in the “other” catego-
ry (Tab. 2), indicating that research on this topic is dispersed across a broad
range of specialized publications.

Table 2. Distribution of references by journal title.

Journal of Contemporary Management Issues 1 3%
Technaovation 2 7%
Journal of best practices in health professions diversity 1 3%
Journal of the Division of Health Psychology 1 3%
International Journal of Person-Centered Medicine 1 3%
Applied Nursing Research 1 3%
Revue Management & Avenir 2 7%
Journal of Business Venturing Insights 1 3%
Journal of Supply Chain Management Science 1 3%
Others 17 60%
Total 28 100%
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QUALITATIVE ANALYSIS

Issues and Challenges in the Healthcare Sector in Africa

Despite notable progress achieved in recent years, the African continent con-
tinues to face structural and systemic barriers that hinder the optimal devel-
opment of its health sector (Tab. 3). A key challenge is the lack of universal ac-
cess to healthcare, particularly in rural areas where medical infrastructure is
often inadequate or under-equipped and the availability of qualified person-
nel remains critically low (11). Continuity of care for discharged patients is
another persistent problem, exacerbated by insufficient follow-up and poor
coordination across different levels of the health system (12, 13).

These difficulties are further compounded by widespread socioeconomic
constraints (12). Poverty, low levels of education, and geographic isolation
— especially in remote areas — limit access to healthcare services and reduce
the capacity of individuals to adopt health-promoting behaviors (12). More-
over, healthcare providers, often overworked, operate under chronic short-
ages of material and human resources, diminishing their ability to meet the
increasing needs of patients (14).

The consequences of these challenges are significant, including patient attri-
tion, rising antimicrobial resistance, and dissatisfaction among both patients
and providers (12, 15). Addressing these multifaceted issues requires com-
prehensive and innovative strategies aimed at improving equity, accessibili-
ty, and sustainability within African health systems (16). In this context, the
development of public—private partnerships and the promotion of inter-insti-
tutional collaboration are essential. Table 3 summarizes the main challenges
and the corresponding solutions proposed for the healthcare sector across
the continent (17).

Table 3. Synthesis of challenges and proposed solutions.

Optimized healthcare infrastructure planning (11)

Limited access to healthcare infrastructure and affordable technologies

Development of personalized treatment plans | (12, 13).

Insufficient continuity of care post-hospitalization and active patient engagement

Cross-subsidy maodels to ensure equity in (12, 18)

Socio-economic constraints (poverty, isolation) healthcare access

Organizational innovation (Entrepre Nursing) (14, 17)

Overburdened healthcare providers and capacity building

Public-private partnerships and (14,18)

Weak interinstitutional collaboration , o .
interinstitutional collaborations

Transforming the Patient Experience through Healthcare Innovation
in Africa

Designing innovative, patient-centered solutions for healthcare in Africa re-
quires a holistic approach that emphasizes collaboration and patient engage-
ment (18). A key strategy involves leveraging digital health technologies to
broaden patient access to healthcare services. Telemedicine, for instance, has
emerged as a transformative solution by enabling remote consultations and
overcoming barriers commonly encountered in traditional healthcare deliv-
ery systems. This innovation not only enhances accessibility but also appeals
to patients who prioritize convenience and efficiency throughout their care
journey (19).
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Another promising avenue for innovation is the integration of patient feed-
back mechanisms within healthcare settings. Utilizing patient-reported out-
come measures (PROMs) alongside patient-reported experience measures
(PREMs) ensures that patients’ perspectives are incorporated into care deliv-
ery, aligning services more closely with their expectations and preferences
(Tab.4). Such engagement empowers patients to take greater ownership of
their care, leading to improved satisfaction and clinical outcomes (20).

Moreover, healthcare organizations should promote co-creation processes
involving patients from the initial stages of product and service development.
Collaborations with patient advocacy groups and other stakeholders across
the healthcare ecosystem help ensure that innovations effectively address
patients’ real-world challenges. Participatory approaches have demonstrat-
ed enhanced relevance and efficacy, thereby reducing the risk of developing
solutions that fail to meet actual needs (21).

Finally, embedding innovations within value-based healthcare business
models can better align incentives between providers and patients. For ex-
ample, implementing reimbursement models tied to performance metrics
linked to patient satisfaction encourages providers to prioritize high-quality,
patient-centered care while optimizing operational efficiency (19, 21).

By adopting these innovative strategies, African healthcare systems can sub-
stantially enhance the patient experience while addressing persistent gaps
in service delivery.

Table 4. The aspects and implications of patient experience through innovation.

(Sodig Odetunde
Babatunde, 2024)

Digital health
technologies

Tools to expand patient
access to healthcare

These innovations not only improve
accessibility, but also resonate with

as well as experience
measures (PREMs),

services patients who prioritize convenience
and efficiency in their healthcare
journey.
(Fernandes et al,, Patient feedback Using patient-reported This type of commitment allows
2020). mechanisms outcome measures (PROMs) | patients to take ownership of their

care pathway.

(Glover et al., 2024)

Co-creation between
companies in the
sector

Partnering with patient
advocacy groups and
stakeholders across the
healthcare ecosystem

Innovators can ensure that the
solutions they develop directly
address the real challenges faced
by patients.

(Sodig Odetunde
Babatunde, 2024)

Integrating
innovations into
business models

A substantial conceptual
innovation in the
management of healthcare
organizations

The implementation of models that
incorporate reimbursements based
on performance directly linked to
patient satisfaction measures.

CHARACTERISTICS OF EXPERIENTIAL BUSINESS MODELS

In healthcare, experiential business models seek to create value by compre-
hensively understanding patients’ needs and preferences. These frameworks
emphasize patient engagement through systematic feedback mechanisms,
which enhance satisfaction and health outcomes. Unlike traditional trans-
action-based models, experiential models provide holistic experiences that
promote overall well-being.
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Technology plays a crucial role in enabling personalized care delivery, with
services such as telemedicine allowing patients to consult providers remote-
ly, thereby meeting growing demands for convenience and accessibility.
These models frequently adopt community-focused strategies tailored to lo-
cal healthcare needs. For example, Philips’ Community Life Centers in Africa
demonstrate how experiential models can effectively engage communities
to provide essential healthcare services in a cost-efficient manner (22). By
focusing on specific contexts and leveraging available resources, such inno-
vations help bridge gaps in healthcare access.

Moreover, experiential business models foster collaboration among diverse
stakeholders within the healthcare ecosystem. Partnerships between provid-
ers, technology companies, and patients facilitate information exchange and
resource sharing, which are vital for driving innovation and enhancing ser-
vice delivery.

Additionally, these models often incorporate varied payment structures that
align incentives among stakeholders, shifting from fee-for-service toward
value-based care paradigms. This transition encourages an emphasis on pa-
tient outcomes rather than volume of services rendered (19, 22).

LEVERS OF THE EXPERIENTIAL HEALTHCARE BUSINESS MODEL

The experiential business model centers on creating enriching experiences
for all stakeholders, including patients, providers, and healthcare institu-
tions. Its primary objective is to optimize interactions among these groups
to enhance satisfaction and improve healthcare outcomes (6, 23). This model
emphasizes a patient-centric approach that encompasses engagement, edu-
cation, and support alongside traditional care delivery (23, 24).

Enhancing the quality of communication between patients and healthcare
professionals is essential to strengthening patient-centered care (25-27), im-
proving understanding of patient needs, and encouraging active patient in-
volvement in co-constructing their care pathways (28-30). Developing strate-
gies tailored to specific patient needs, such as personalized treatment plans,
is crucial for delivering holistic, customized care that increases patient satis-
faction while optimizing clinical outcomes (14, 22, 31).

Integrating people-centered approaches within healthcare systems has been
identified as a key strategy to elevate care quality and foster lasting trust
between patients and providers. In terms of organizational innovation, fos-
tering innovative behaviors among healthcare professionals — such as Entre-
preneur Nursing, which promotes entrepreneurial spirit in nursing — is im-
perative (17, 31). This approach stimulates creativity and the implementation
of novel solutions to address challenges faced by the healthcare sector.

Moreover, the integration of technological tools acts as a strategic catalyst
for improving both access to and the quality of healthcare services. As noted
by Al-Bader et al, innovation models based on affordable technologies play
a pivotal role in transforming healthcare systems, particularly in settings
marked by limited organizational efficiency and inequitable healthcare ac-
cess (18, 32).

Finally, inter-institutional collaborations — especially strategic partnerships
among hospitals, community clinics, and private entities — are recognized
as crucial mechanisms for optimizing resource utilization and expanding
healthcare coverage (14, 32).
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DIMENSIONS OF THE EXPERIENTIAL HEALTHCARE BUSINESS MODEL

Design

This study began with a comprehensive review of existing literature on busi-
ness models in the healthcare sector, drawing upon seminal works such as
those by (19, 24, 32). In addition to the literature review, direct observations
and in-depth discussions were conducted with key stakeholders, including
local health authorities, administrators, hospital Information Technology
(IT) directors, general practitioners, and pharmacists, following the recom-
mendations of (25, 32).

The literature review revealed that much of the existing research either re-
mains at a relatively abstract level — for example, the business model frame-
works proposed by (26, 32) — or focuses on very specific aspects, as noted by
the European Commission (2011). Notably, there is a scarcity of studies pro-
viding in-depth analyses of common business logic models. Similarly, in prac-
tice, we observed a lack of robust conceptual approaches to business design.

To address this gap, we broadened our perspective on e-health business mod-
els by exploring general business logic derived from e-commerce, which en-
abled a deeper understanding through field-based discussions. To illustrate
the practical application of business design models in e-health, we selected
three specific design models for detailed analysis.

Promotion

As noted by Garcia et al. (27), health promotion and therapeutic education
—rooted in care practices — have reached a significant stage of maturity. Con-
currently, over the past two decades, new perspectives from patients, rela-
tives, and users have introduced innovative practices into the field (27, 32).
This evolving dynamic warrants further exploration to deepen understand-
ing of its theoretical and practical dimensions.

Health promotion plays a crucial role in both individual and collective de-
velopment by providing valuable information, delivering appropriate edu-
cation, and strengthening essential daily life skills (3, 16, 32). Such efforts
empower individuals to take control of their health and make informed de-
cisions that promote well-being. Encouraging lifelong learning by supporting
patients, their families, and other users is essential to help them navigate
various life stages with confidence and peace of mind. Given its rapid expan-
sion, this dynamic area merits continued investigation to enhance compre-
hension of its foundational theories and practical applications.

Practices

Free Healthcare Initiatives and Specialized Service Models in South Africa

Initiatives such as “Free healthcare for pregnant women and children under
six” and “Universal access to primary healthcare for all South Africans” illus-
trate a shift in health system priorities — from focusing on the construction of
physical infrastructure to emphasizing the activities and services delivered
within these facilities. Increasingly, patients’ perspectives are being incorpo-
rated into policy-making processes.

In some cases, a variant of the healthcare business model takes the form
of specialist care, where hospitals concentrate on specific services — such as
cataract surgery or cardiac care — thereby achieving high levels of efficiency
and optimizing staff utilization (3, 16, 32). These facilities play a pivotal role
in healthcare development by providing accessible services to large popula-
tions (Fig. 3). High staff productivity and the ability to maintain reasonable
pricing contribute to the affordability of these services.
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However, in sub-Saharan Africa, hospitals employing cross-subsidy models
face growth constraints due to the limited number of patients who can afford
high-quality care. In response, many healthcare facilities are increasingly
adopting cross-subsidy business models as a strategic solution. These models
enable hospitals to adjust fees according to patients’ financial capacity, dis-
tributing operational costs across a larger patient base. Patients with higher
incomes may access enhanced services, such as comfortable waiting areas,
private rooms, and expedited booking, while lower-income patients benefit
from reduced fees that are critical for accessing essential care.

A notable example of innovation in healthcare delivery can be found in Tsil-
itwa, a rural town in South Africa’s Eastern Cape. The Tsilitwa clinic serves
approximately 10,000 patients but operates without an on-site physician; the
nearest hospital with available doctors is over 15km away, and the absence
of direct transport further limits healthcare access (9, 28, 32). To address this
challenge, South Africa’s Centre for Scientific and Industrial Research, in col-
laboration with the University of Cape Town’s Department of Informatics,
implemented a telemedicine initiative using wireless internet technology.
This system enables nurses to transmit medical images to doctors in real
time, facilitating remote consultations and significantly improving access to
medical expertise.

DESIGN PROMOTION PRACTICES

Observation of the field, Role of stakeholders,
Inspiration from the Education and health

Specialized care,
Accessibility

(cross-subsidy),
Telemedicine

business logic of other promotion,
sectors, Integration Collective dynamics
of technological
and operational
perspectives

Figure 3. Synthesis of experiential healthcare business model.

Indicator clusters

In this section, we present the result of cluster coding similarity in Nvivo 15,
using Pearson’s correlation coefficient. This is a method for detecting any
similarity in indicators between Dimensions of the experiential business
model (Tab.5).

Table 5. Top 7 common indicators.

Conception 2l 2 1 9 5 12 14
Promotion 8 24 3 7 1 4 B
Pratiques 0 1 17 3 2 1 4
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In order to gain a better understanding of the indicators used in the literature
on the experiential economic model, we attempted, in the third stage of pro-
cessing the indicators, to classify them into 7 categories, namely e-commerce,
therapeutic education, health accessible, costs, co-creation, ecosystem, Patient
opinion. (Fig. 4) shows the frequency of these categories in the dimensions
included in the sample. In e-commerce, Therapeutic education is the most fre-
quent. In fact, they have a positive impact on business performance (29, 32).
And they have a positive effect on the value of patient experiences (30, 32) and
on the two main stakeholders: entrepreneurs and patients, improving the en-
vironmental management of a healthcare center can be achieved through the
appropriate allocation of economic, human and financial resources.

Design Promotion Practices

e-ecommerce o5 e-ecommerce o5 e-ecommerce

20

Therapeutic
education

Therapeutic Patient
education option

Therapeutic Patient
education option

Patient
option

health
accessible

health
accessible

health

ecosystem .
Y accessible

ecosystem ecosystem

co-creation costs co-creation co-creation costs

Figure 4. Categories frequency by dimension.

DISCUSSIONS

Our study underscores the critical role of healthcare innovators in enhancing
the patient experience, particularly in resource-constrained regions such as
Africa (7, 32). Concrete actions are required to encourage these stakeholders to
develop innovative solutions aimed at improving both the quality of care and
patient satisfaction. Entrepreneurs are encouraged to leverage technological
advances to create platforms that facilitate communication between patients
and healthcare professionals. Digital health innovations — such as telemedi-
cine and mobile applications — offer substantial opportunities to expand access
to care in underserved communities, enabling remote consultations and fol-
low-up services, thereby overcoming geographical barriers (30, 32).

Incorporating patient feedback into service design is fundamental to devel-
oping effective care solutions. Actively involving patients in the development
process fosters trust and loyalty, granting them a participatory role throughout
their care journey. Collaboration with established healthcare providers can
further strengthen service quality. Start-ups should explore strategic partner-
ships to share best practices, provide team training, and ensure standardized
patient management, thereby optimizing the use of available resources.

Investment in data analytics represents another strategic lever for improving
the patient experience. The use of big data enables a deeper understanding
of patient behavior and treatment outcomes, allowing for more personalized
interventions that can enhance both clinical results and patient satisfaction.
Addressing systemic inequalities within healthcare systems is equally essen-
tial for sustainable progress. Initiatives targeted at marginalized populations
- including individuals with disabilities and those in remote areas — are cru-
cial to promoting equitable access to care (22, 32).

However, current research on entrepreneurship and innovation ecosystems
in the patient experience reveals several notable gaps. One such gap is the

‘Q‘ONE HEALTH | www.bbamd 27 August 2025 | Volume 6 | Issue 3



ONE HEALTH THE SCIENTIFIC JOURNAL
& RI

S K MANAGEMENT

OF THE MOLDAVIAN BIOSAFETY AND BIOSECURITY ASSOCIATION

CONCLUSIONS

CONFLICT OF INTEREST

FUNDING STATEMENT

limited exploration of how innovation can be strategically harnessed within
entrepreneurial models. While a substantial body of literature examines the
application of innovation to patient experience and customer engagement,
there remains a need for further research on tailoring innovation to foster
brand loyalty at the territorial level and effectively engage local populations.
Moreover, the relationship between entrepreneurship and patient loyalty is
insufficiently understood (32).

This study contributes to addressing these gaps by exploring the integration
of entrepreneurship and innovation ecosystems into the patient experience
within the African healthcare context. It examines the challenges of limited
access, disparities in care quality, and the need for innovative business mod-
els that prioritize human-centered approaches (6, 32). By focusing on inpa-
tient clinical pathways, it synthesizes evidence from randomized controlled
trials to provide actionable insights for improving both patient experience
and outcomes in African healthcare settings.

Finally, building networks among innovative actors in the healthcare sector
will strengthen the entrepreneurial ecosystem. Collaborative platforms for
sharing challenges and successes can foster collective advancement while
opening opportunities for mentorship and funding - both essential to sup-
porting the development of sustainable businesses dedicated to improving
the patient experience across Africa.

The potential of the Experiential Business Model (EBM) in the African health-
care sector is significant, particularly in reimagining how organizations can
place patient experience and engagement at the core of their practices. How-
ever, successful implementation requires overcoming key challenges, includ-
ing the fragmentation of healthcare systems, limited infrastructure funding,
and the absence of governance frameworks that foster innovation.

For effective integration, the EBM must be tailored to local African contexts,
taking into account the socio-economic, cultural, and technological factors
unique to each setting. While community dynamics can serve as important
positive levers, disparities in technology access — especially in rural areas —
remain critical obstacles to address.

A phased approach, beginning with localized pilot projects, appears to be a
prudent strategy for testing and refining the EBM to align with field-specif-
ic realities. This process necessitates collaborative governance supported by
multisectoral partnerships involving public, private, and non-governmental
stakeholders, enabling the exchange of best practices and the promotion of
innovation.

Further applied research is needed to explore how the EBM, along with its
technological components such as the Enterprise Application Repository
(EAR), can be adapted to diverse environments. It is essential to examine the
influence of institutional dynamics, develop reliable indicators for measur-
ing the patient experience, and assess the contribution of digital technologies
—such as telemedicine and data analytics — to optimizing the care pathway.
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ABSTRACT
Introduction

Material and methods

Results

Conclusions

Keywords

The presence of qualified pharmacists in community pharmacies ensures that high-risk patient
groups receive safe and effective pharmaceutical care when using pharmacy services.

This study employed a descriptive methodalogy. The research toal is a questionnaire, which in-
cludes 16 gquestions that describe to respondents' characteristics and assess respondents' atti-
tudes toward continuous training in specialized fields. The number of respondents was 406. Data
processing were performed using Excel saftware.

The majority of respondents (84,08%, Cl,.. 58,37-88,7) believe that there is a frequent need for im-
proving knowledge in the field of geriatrics, and 82.86% (Cl,.. 7953-8598) of respondents fully agree
that the community pharmacists should be well-informed in pediatrics. Pharmacists are aware of
the respansibility they bear towards these categories of patients in community pharmacies and
believe it is beneficial (6301%, Cl..: 58,35-6774) for them to periodically update their knowledge in
specialized pharmaceutical care, covering a variety of topics.

Pharmacists' views emphasized the importance of enhancing their professional training in deliver-
ing specialized pharmaceutical services. These findings support the development and implemen-
tation of the course "Specialized Pharmaceutical Assistance for High-Risk Patients" within pharma-
cists' continuing education programs.

Pharmacists, specialized pharmaceutical care, high-risk patients, professional development.

DOMENIILE DE EDUCATIE CONTINUA A FARMACISTILOR PRIVIND ASISTENTA PACIENTILOR CU RISC SPORIT

Introducere

Material si metode

Rezultate

Concluzii

Cuvinte-cheie

Prezenta farmacistilor calificati in farmaciile comunitare este garantia categoriilor de pacienti cu risc
sparit, ca var primi ingrijiri farmaceutice sigure si eficiente atunci cand utilizeaza serviciile farmaciei.

Cercetarea efectuata este una de tip descriptiv, instrumentul de cercetare este chestionarul.aplicat
la 406 respondenti, ce includea 18 itemi care descriu caracteristica respondentilor si masura in
care sunt de acord sau nu cu procesul de farmare continua in domenii inguste. Prelucrarea datelor
a fost efectuaté prin intermediul softului Excel.

Majoritatea respondentilor (84,06%, 1195: 58,37-6887) considera cé este necesaré perfectionarea
frecventd a cunostintelor in domeniul geriatriei, iar 82,86% (1195:79,53-85,99) dintre ei sustin in to-
talitate ca farmacistul din farmacia comunitara sa fie informat in domeniul pediatric. Farmacistii
sunt constienti de responsabilitatea pe care o au faté de aceste categorii de pacienti ai farmaciei
comunitare si considerd c& este in beneficiul (6301%, 195: 58.35-6774) lor s isi actualizeze periodic
cunastintele in domeniul ingrijirilor farmaceutice specializate, pe o diversitate de tematici.

S-au evidentiat opiniile farmacistilar privind necesitatea pregatirii lor profesionale in domeniul pre-
starii serviciilor farmaceutice specializate si s-a argumentat elaborarea si implementarea cursului
,Asistenta farmaceutica specializata la pacientii cu risc sporit", in cadrul ciclurilor de perfectionare
a farmacistilor.

Farmacisti, ingrijiri farmaceutice specializate, pacienti cu risc sporit, perfectionare.
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INTRODUCTION

Continuous professional training in pharmaceutical care is a legal and/or
ethical requirement, as outlined in the Code of Ethics for pharmacists, which
varies by country. The International Pharmaceutical Federation (FIP) defines
continuous professional development as the ,individual responsibility of the
pharmacist for the systematic maintenance, development, and extension of
knowledge, skills, and attitudes, to ensure ongoing competence as profession-
als throughout their careers” (1, 2). This refers a pharmacist’s commitment
to continually improving their skills, knowledge, and performance to benefit
from career growth and professional satisfaction.

Community pharmacies must adhere to a series of regulations and standards
to secure and maintain their position in the pharmaceutical market, and in-
vesting in their staff represents a key strategy in this regard.

In the Republic of Moldova, continuous education in the pharmaceutical
field is mandatory throughout a pharmacist’s entire career and is organized
in different training formats regulated by the Ministry of Health (3).

The concept of continuous professional education in medicine and pharma-
cy is outlined in the Regulation on the organization and implementation of
education and continuous professional development activities at the Nicolae
Testemitanu State University of Medicine and Pharmacy of the Republic of
Moldova. It encompasses “a series of planned educational activities aimed
at maintaining, updating, and developing the knowledge, behavior, and pro-
fessional attitudes necessary for doctors and pharmacists to perform their
professional activities effectively. Simultaneously, through the continuous
development of individual performance, these activities aim to achieve a
real improvement in the quality of medical and pharmaceutical services pro-
vided” (4).

The presence of qualified pharmacists in community pharmacies guarantees
that pharmacy patience will receive safe and effective pharmaceutical care
when using pharmacy services.

The target groups of patients to whom pharmaceutical services are directed
are high-risk groups, including the elderly, children with their legal repre-
sentatives, and patients with rare diseases, due to their specific characteris-
tics in medication use. The vulnerability of the elderly and children is deter-
mined by various factors that influence medication administration as well as
issues related to their irrational use, especially in outpatient settings (5, 6).
In addition to the specific biological characteristics of pediatric or geriatric
patients, such as metabolism, age, and bioavailability, the proper use of med-
ications for these patients is influenced by several factors. These include the
lack of age-appropriate dosage forms, the use of “off-label” medications, the
rising use of dietary supplements that have not been studied for these patient
groups, and, last but not least, the patient’s adherence to and compliance
with treatment (7).

Providing specialized pharmaceutical services to elderly individuals, while
considering the factors and characteristics mentioned, helps identify, re-
solve, and prevent medication-related problems (8, 9).

Planning pharmaceutical services that meet the individual health needs of
elderly individuals or children requires the implementation of specialized
pharmaceutical age specific care. The implementation of these services re-
quires an integrated, multidisciplinary approach and collaboration among
healthcare professionals. Specialized pharmaceutical care for these patient
groups involves pharmacists’ actions or interventions in community phar-
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macies focused on evaluating, preventing, and reducing risks associated with
irrational medication use while enhancing the benefits of drug therapies.
The development and implementation of such pharmaceutical services in-
volve three key steps: identifying the medication-related problems that need
to be addressed, selecting effective interventions to resolve these issues, and
implementing, monitoring, and evaluating the impact of these interventions
in community pharmacies (10, 11).

Therefore, it highlights the necessity for pharmacists to possess comprehen-
sive knowledge in addressing the specific medication-related needs of elder-
ly patients, children, and those with rare diseases, while also improving the
delivery of information to ensure that the specific requirements of these pa-
tients are adequately considered.

In the Republic of Moldova, there are no specialized programs for pharma-
cists in specialized areas of training, such as geriatrics, pediatrics, or assis-
tance for patients with rare diseases. For instance, in the United States, the
majority of training required to become a specialist in geriatric pharmacy
occurs subsequent after completing pharmacy school. A common way to be-
come a specialist is to complete a residency in geriatric pharmacy. Residency
experiences are elective in the field of pharmacy, but they serve to provide
intensive training experiences. A residency in geriatric pharmacy allows the
trainee to be immersed in the field of geriatrics by providing experiences
in long-term care, ambulatory care, and acute care settings, all focusing on
providing care for elderly individuals. All states require a license to practice
pharmacy, and there are some differences from state to state that would re-
quire a license transfer. State pharmacy boards use several components in
their licensing process, one of which is the NAPLEX exam administered by
the National Association of Boards of Pharmacy (12).

After practicing in the field of geriatrics, pharmacists may also wish to be-
come board-certified geriatric specialists. To obtain this certification, phar-
macists must pass an exam from the Board of Pharmacy Specialties, which
focuses on providing healthcare to elderly adults. In order to maintain their
certification, pharmacists may either retake the examination every seven
years or engage in continuing education courses specifically focused on geri-
atrics (12, 13).

Data on the need to prepare students and practitioners to provide pharma-
ceutical care to the elderly population are highlighted in the work ,,Geriatric
pharmacy education: a strategic plan for the future” (14) presented by a group
of authors who indicate that the care of elderly individuals is an essential
component of the education of all pharmacists. In this regard, in the mid-
1980s, the Office of Health Professions developed a model curriculum in geri-
atric pharmacy.

American College of Clinical Pharmacy which supports practitioners, scien-
tists, educators, and other professionals involved in clinical pharmacy and
pharmacotherapy, including in pediatric clinical pharmacy (ACCP Pediatrics
PRN), emphasizes in its Opinion Paper, recommendations aimed to improve
both the quality and quantity of education in pediatric pharmacy, such as:
increasing the minimum expectations for pharmacists entering practice to
provide pediatric care; standardizing education in pediatric pharmaceutical
care; expanding the number of pediatric clinical pharmacists; creating an
infrastructure for the development of pediatric clinical pharmacists and cli-
nician scientists (15).

Subsequently, professional organizations, such as the American Association
of Colleges of Pharmacy (AACP), in collaboration with the American Society
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of Consultant Pharmacists (ASCP), American Geriatrics Society (AGS), Amer-
ican Association of Colleges of Nursing (AACN) and the Institute of Medicine
(IOM) have significantly contributed to the development of geriatric pharma-
ceutical education (14).

Additionally, the guidelines of the Accreditation Council for Pharmacy Edu-
cation (ACPE) emphasize that every graduate pharmacist must be prepared
to provide direct pharmaceutical care to patients across a wide variety of
healthcare domains, with the responsibility to ensure optimal and safe ther-
apy outcomes for a wide range of patients. As a result, ACPE asserts that this
competency can be attained through the development of a solid training
foundation, including understanding specific populations, such as pediatric
or geriatric patients, and related prescription and non-prescription pharma-
cotherapy, population-specific dosage calculations and adjustments, and the
monitoring of rational use of medications (15).

Based on the aforementioned, the objective of this study has been defined as
follows: to evaluate the attitudes of practicing pharmacists in the Republic of
Moldova regarding continuous education in these fields, in order to highlight
the importance and necessity of a specialized training course in pharmaceu-
tical care for these patient groups.

MATERIAL AND METHODS

The present study employed a quantitative and descriptive research design
to investigate pharmacists’ attitudes toward continuous pharmaceutical edu-
cation, with a focus on high-risk patient groups such as the elderly, children,
and individuals with rare diseases. A case series approach was used as a de-
scriptive methodology aimed at identifying and analyzing trends and charac-
teristics among pharmacists involved in delivering specialized pharmaceuti-
cal services. This method allowed for a detailed examination of participants’
professional experiences and practices, offering valuable insights into the
continuing education needs associated with the care of high-risk patients.
Elderly patients were of particular interest due to the numerous risks posed
by irrational medication use, especially in outpatient settings.

The study was conducted over a two-year period (2022-2024) and involved
a sample of 406 specialist pharmacists working in community pharmacies.
To determine the minimum representative sample size, Cochran’s formula
was applied using the following parameters: a total pharmacist population
of 1.873 (as reported by the National Bureau of Statistics in 2023), a 95% con-
fidence level (Z = 1.96), a 5% margin of error, and an estimated population
proportion of 0.5. The resulting adjusted sample size for this population was
approximately 319 pharmacists.

Data were collected using a structured, anonymous questionnaire to ensure
objectivity of responses. The questionnaire included 16 closed-ended items:
three questions pertained to demographic characteristics, while 13 assessed
respondents’ levels of agreement or disagreement with statements regarding
continuous training in specialized fields.

Microsoft Excel was used for data entry and statistical processing. Descriptive
statistics, including frequencies and percentages, were applied to summarize
participants’ responses and highlight patterns in preferences for continuing
education in specialized pharmaceutical care.
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RESULTS
- The majority of respondents are specialists aged between 31 and 40 years
(42.60%, CI,.: 37.8-47.4), had over 21 years of professional experience (25.40%,
Cl,;: 21.14-29.6) and work in urban environments (86.50%, CI,,: 83.12-89.78)
(see Figures 1-3).

‘ Color ‘ % ‘ Age category ‘
- 5.20 ‘ 61-70 years ‘
‘ ‘ 2360 ‘ 20-30 years ‘
| | 4280 . 31-40years |
e 1260 | 4150years |
- 16.00 ‘ 51-60 years ‘

Figure 1. Age category of the respondent pharmacists.

The largest age group among respondent pharmacists is 31-40 years, com-
prising 42.6% of the total. The second most represented group is 20-30 years,
making up 23.6%. Pharmacists aged 51-60 years account for 16%, while those
aged 41-50 years represent 12.6%. The smallest category is 61-70 years, with
5.20% of respondents.

‘ Color ‘ % ‘ Experience ‘
- 540 ‘ Up to one year ‘
‘ ‘ 1700 ‘ 1-5 years ‘
‘ ‘ 18.20 ‘ 6-10 years ‘
- 23.20 ‘ 11-15 years ‘
L 1080 . 16-20vyears |
‘ ‘ 2540 ‘ >21 years ‘

Figure 2. Professional experience of the respondent pharmacists.

The largest group consists of pharmacists with more than 21 years of expe-
rience, representing 25.4% of respondents. Those with 11-15 years of experi-
ence make up 23.2%, while 6-10 years accounts for 18.2%. Pharmacists with
1-5 years of experience represent 17.0%, and those with 16-20 years make up
10.8%. The smallest category includes pharmacists with less than one year of
experience, comprising 5.4% of respondents.
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Color % Work areas
- 1350 Rural
86.50 Urban

Figure 3. Work environment of the respondent pharmacists.

The majority of respondent pharmacists work in urban areas, accounting
for 86.5% of the total. In contrast, 13.5% of pharmacists work in rural areas.

The majority of respondents indicated that they agree that the elderly follow
the pharmacist’s recommendations regarding the use of medications - total
agreement of 23.90% (CI,: 19.74-28.04) and partial agreement of 53.70% (CI,:
48.84-58.54) (Fig. 4). 75.68% (CI,: 71.44-79.79) of the respondents indicated
that the elderly often follows their advice regarding medication administra-
tion in outpatient settings (Fig. 5). Additionally, more than half of the respon-
dents - total agreement of 21.90% (CIL,: 17.89-25.94) and partial agreement of
53,20% (CI,;: 48.34-58.06) claim that they are able to monitor the medication
of elderly patients, including OTC, Rx, and potentially dangerous drugs, and
can provide specific recommendations when necessary (Fig. 6).

Agree/degree

Color % .
recommendations

- 000 Total disagreement
- 2390 Total agreement
5370 Partial agreement
- 1850 Neutral
390 Partial disagreement

Figure 4. To what degree do you agree that elderly patients follow the pharmacist's recommendations
regarding medication use?

The majority of respondents expressed partial agreement (53.7%), indicating
that elderly patients generally follow pharmacists’ recommendations regard-
ing medication use. A significant portion (23.9%) reported total agreement,
while 18.5% remained neutral. Partial disagreement was noted by 3.9% of
respondents, and none (0%) indicated total disagreement.
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‘ Color ‘ % ‘ Follow recommendations‘
- 0.00 ‘ Never ‘
- 1351 ‘ Very often ‘
| . 7588 | Often |
- 1081 ‘ Rarely ‘
- 0.00 ‘ Very rarely ‘

Figure 5. How often does the elderly patient follow your advice regarding medication use?

<

The majority of respondents indicated that elderly patients often follow phar-
macists’ advice regarding medication use (75.6%). A smaller portion reported
that patients follow recommendations very often (13.5%), while 10.8% noted
that adherence occurs rarely. No respondents indicated very rarely or never.

‘ Color ‘ % ‘ Agree/degree monitoring ‘
- 250 ‘ Total disagreement ‘
‘ ‘ 2190 ‘ Total agreement ‘
‘ ‘ 53.20 ‘ Partial agreement ‘
- 18.20 ‘ Neutral ‘
- 4.20 ‘ Partial disagreement ‘

Figure 8. To what degree do you agree that the pharmacist is capable of monitoring the elderly patient's
medication and intervening, when necessary, with specific recommendation?

The majority of respondents (53.2%) expressed partial agreement, suggest-
ing that pharmacists are generally capable of monitoring elderly patients’
medication and providing necessary interventions. 21.9% reported total
agreement, indicating strong confidence in pharmacists’ ability to manage
medication use. 18.2% remained neutral, while 4.2% expressed partial dis-
agreement, and 2.5% indicated total disagreement.

The number of drugs registered in the state drug registry is constantly in-
creasing, along with the variety of dietary supplements used as adjunctive
treatments. However, as the range of both drugs and dietary supplements ex-
pands, the responsibility of the community pharmacist increases proportion-
ally, because many of these products have not been tested for use in high-risk
patient groups, such as children and the elderly. Pharmacists have expressed
their total agreement (48.8%, CI,: 43.90-53.63) and partial agreement (36.2%,
CI,,: 31.53-40.88) on the relationship between the quality of pharmaceutical
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care for the elderly and the effectiveness of pharmacists’ ongoing profession-
al education (Fig. 7), that helps pharmacists enhance their skills in managing
age-related minor health conditions, recognizing drug interactions, and pro-
viding personalized care, minimizing risks associated with polypharmacy
and adverse drug reactions etc.

Agree/degree that the quality
Color % of care depends on the
pharmacists' performance

- 0.50 ‘ Total disagreement ‘
‘ ‘ 48.80 ‘ Total agreement ‘
‘ ‘ 36.20 ‘ Partial agreement ‘
- 1260 ‘ Neutral ‘
- 2.00 ‘ Partial disagreement ‘

Figure 7. To what extent do you agree that the quality of geriatric pharmaceutical care depends
on the pharmacists' performance obtained through continuous professional training?

The majority of respondents (48.8%) expressed total agreement, indicating
strong confidence that the quality of geriatric pharmaceutical care depends
on pharmacists’ performance gained through continuous professional train-
ing. 36.2% reported partial agreement, 12.6% remained neutral, 2.0% ex-
pressed partial disagreement and 0.5% indicated total disagreement.

This understanding is reflected in pharmacists’ attitudes. Thus, 82.86% (CI,:
79.53-85.99) of respondents agree with the statement: ,It is important for the
community pharmacist to be informed in the field of pediatrics” (Fig. 8). Ad-
ditionally, 86.86% (CI,,: 84.04-89.36) of respondents agree with continuous
education in the field of pediatric medication (Fig. 9).

Agree/degree informing
Color % the community pharmacist
about pediatrics

- 057 ‘ Total disagreement ‘
‘ ‘ 82.86 ‘ Total agreement ‘
‘ ‘ 1343 ‘ Partial agreement ‘
- 171 ‘ Neutral ‘
- 143 ‘ Partial disagreement ‘

Figure 8. The importance of informing the community pharmacist about pediatrics.
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The majority of respondents (82.86%) expressed total agreement, emphasizing
the high importance of informing community pharmacists about pediatrics.
13.43% reported partial agreement, 1.71% remained neutral, while 1.43% ex-
pressed partial disagreement, and 0.57% indicated total disagreement.

Agree/degree interest in

Color % continuous education
0.57 Total disagreement
86.86 Total agreement
857 Partial agreement
- 314 Neutral
- 086 Partial disagreement

Figure 9. Interest in continuous education in the field of pediatric medication.

The majority of respondents (86.86%) expressed total agreement, highlight-
ing strong interest in continuous education in the field of pediatric medica-
tion. 8.57% reported partial agreement, 3.14% remained neutral, while 0.86%
expressed partial disagreement, and 0.57% indicated total disagreement.

In the context of pediatric medication, several areas for continuous improve-
ment were identified. Specifically, the following areas of interest were high-
lighted: ,Methods of calculating drug dosages for children or for ,off-label”
medications (71.43%, CI,.: 67.03-75.82); "Evaluating the appropriateness of
the prescribed pediatric dose according to the child’s age” (60.1%, CI,: 55.34-
64.86); ,,Selecting the most appropriate form of administration for pediatric
prescriptions” (47.21%, CI,: 52.15-42.43); ,Counselling parents, guardians,
or legal representatives of the child regarding medication administration
techniques and potential side effects of medications prescribed to children”
(53.44%, CI,: 48.60-58.30); "Methods of direct communication with pediat-
ric patients to increase treatment adherence” (52.71%, CI,:47.85-57.57). This
indicates an increased interest in the topic of training related to high-risk
patient care.

Methods of calculating drug dosages for children/ _ 214
for off-label medications
Evaluating the appropriateness of the prescribed _ 217
pediatric dose according to the child's age
Selecting the most appropriate form of administration _ 192
for pediatric prescriptions

Counseling parents/guardians/legal representatives of

the child regarding the administration technique/side _ 244

effects of medications prescribed to children
Methods of direct communication with pediatric _ 290
patients to increase treatment adherence
8] 50 100 150 200 250 300 350

Figure 10. Areas of interest for continuous improvement in the field of pediatric medication.
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The most emphasized area of professional interest is the calculation of drug
dosages for children, including off-label medications (290 responses). Evalu-
ating the appropriateness of the prescribed pediatric dose according to the
child’s age is also highly prioritized (244 responses). Additionally, counselling
parents, guardians, or legal representatives on administration techniques
and potential side effects plays a crucial role (217 responses). There is also
considerable interest in methods of direct communication with pediatric pa-
tients to improve treatment adherence (214 responses). Lastly, selecting the
most appropriate form of administration for pediatric prescriptions remains
an area requiring ongoing attention (192 responses).

Since pharmacists are service providers dedicated to supporting the health
and well-being of these patient groups, it is essential for them to enhance
their values, knowledge, and skills through various avenues of continuous
professional development. The rigorous regulation of continuous profes-
sional training ensures that pharmacists expand their expertise and knowl-
edge, update their existing skills, and acquire new methods for performing
tasks in the community pharmacy, as the profession assumes various roles
within health services. The majority of respondents (64.06%, CI,.: 59.37-68.7)
consider that there is often a need for improving knowledge in the field of
geriatrics; only 43 respondents indicated that it is rarely needed, one respon-
dent said very rarely, and two said never (Fig. 11). These findings suggest that
pharmacists are aware of the responsibility they bear towards the visitors
of the community pharmacy. Additionally, they recognize the benefit of pe-
riodically updating their knowledge in the field of geriatric pharmaceutical
care, with the majority expressing total agreement (63.01%, CI.: 58.35-67.74)
and 30% (CI,: 25.58-34.50) indicating partial agreement. Only 5 respondents
disagreed (Fig. 12).

Color % Update knowledge
050 Never

- 2462 Very often
64.06 Often

- 1061 Rarely
0.20 Very rarely

Figure 11. Indicate how often the pharmacist should update their knowledge in the field of geriatrics.

The majority of respondents (64%) believe that pharmacists should update
their knowledge in geriatrics often. 24.6% consider it necessary to update
knowledge very often, 10.6% think updates should occur rarely, while 0.2%
suggest very rarely, and 0.5% believe it is never necessary to update knowl-
edge in this field.
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Color % Agree/degree the necessity
(o]

of updating knowledge
- 0.20 Total disagreement
63.10 Total agreement
30.00 Partial agreement
570 Neutral

- 100 Partial disagreement

Figure 12. Please state your agreement regarding the necessity of updating knowledge
in the field of geriatrics.

The majority of respondents (63.1%) expressed total agreement, emphasizing
the necessity of updating knowledge in the field of geriatrics. 30% reported
partial agreement, 5.7% remained neutral, while 1% expressed partial dis-
agreement, and 0.2% indicated total disagreement

In response to the question regarding the topics for continuous training in
geriatric pharmaceutical care, more than half of the respondents indicated
the following: potentially dangerous medications for the elderly, specificities
of pharmacotherapy in the elderly, drug interactions, controlled self-medica-
tion in the elderly, communication with the elderly patients, polypharmacy,
and healthy nutrition for age-related diseases (Tab. 1).

Table 1. The continuous training topics for providing geriatric pharmaceutical care.

Specificities of pharmacotherapy in the elderly 65.1 60.45-69.75
Controlled self-medication in the elderly 60.1 55.37-64.92
Compliance/adherence to treatment in the elderly 423 3751-4714

Potentially dangerous medications for the elderly 728 6843-7711

Communication with the elderly 56.7 5185-61.51
Drug interactions 611 56.38-65.89
Healthy nutrition for certain diseases in the elderly 507 4587-55.62
Detection, monitoring, and analysis of adverse reactions 384 33.62-43.01
Polypharmacy 554 5059-60.29
Promotion of an active lifestyle 458 40.93-50.65
Including family members in ensuring medication therapy 329 28.34-3750
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DISCUSSIONS

CONCLUSIONS

CONFLICT OF INTEREST

ETHICS APPROVAL

The results of this study underscore the importance of continuous pharma-
ceutical education, particularly in the context of providing care for high-risk
patient groups such as the elderly, children, and individuals with rare diseas-
es. These populations face significant risks associated with irrational medica-
tion use — especially in outpatient settings — which highlights the crucial role
of pharmacists in managing drug therapies and preventing complications.

Continuous professional education is perceived as a key factor in optimiz-
ing specialized pharmaceutical care for elderly patients, with pharmacists
acknowledging its positive impact on the quality of services provided to this
group. The findings highlight a need for enhanced training in managing drug
interactions, polypharmacy, and adverse drug reactions — critical compo-
nents for ensuring the safety of older adults.

In the field of pediatric medication, the study indicates a high level of in-
terest among pharmacists in continuous training, particularly in the correct
dosing and counselling of parents regarding medication administration and
its effects. Parental counselling plays a distinct role in this regard, and train-
ing pharmacists to improve this interaction can have a significant impact on
treatment adherence.

In conclusion, the findings not only emphasize the importance of continuous
pharmaceutical education but also demonstrate pharmacists’ active interest
in advancing their expertise in caring for high-risk patients. Strengthening
knowledge in geriatrics and pediatrics is essential for improving pharmaceu-
tical care, ensuring the safe use of medications, and supporting pharmacists’
ongoing professional development as healthcare providers.

The study highlighted pharmacists’ views on the importance and necessity of
strengthening their professional training in delivering pharmaceutical care
to high-risk patient groups throughout the medication process.

The development and implementation of the course Specialized Pharmaceu-
tical Assistance for High-Risk Patients within pharmacists’ continuous profes-
sional training cycles were justified by the findings.

Investing in the development of pharmaceutical personnel and involving
them in the provision of healthcare services for high-risk individuals would
help meet the specific medication needs of these patients and improve the
management of their treatment in outpatient settings.
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Results

Conclusions

Keywords

Biological disease-modifying antirheumatic drugs (bDMARDSs), such as tocilizumab (TCZ), are essen-
tial for reducing disease activity in moderate to severe rheumatoid arthritis (RA). This study aims
to identify clinical and labaratory predictors of a favarable response to TCZ, enabling personalized
therapeutic strategies.

A longitudinal clinical study in dependent samples included 133 bio-naive patients (121 waomen,
12 men, mean age 49.87+13.31 years) with seropositive RA (radiclogical stages I-Ill) treated with
TCZ and csDMARDs at the Timafei Mosneaga Republican Clinical Hospital. Clinical and laboratory
parameters were monitored manthly over a six-maonth period. Statistical analysis was performed
using Spearman's correlation and multiple regression. The Wilcoxon signed-rank test was applied
to compare parameters befare and after TCZ treatment.

Favarable response predictors included swollen joint counts (p=0.59, p<0.01), tender joint counts
(p=040, p<0.01), C-reactive protein (p=046, p<0.01), ESR (p=0.25, p<0.01), platelet count (p=0.289,
p<0.01), hemoglobin (p=-0.26, p<0.01), hematocrit (p=-0.23, p<0.01), and age (p=-0489, p<0.01). Re-
gression analysis confirmed the influence of swaollen joint counts (p=0.30, p<0.001), age (p=-0.30,
p<0.001), and C-reactive protein (p=0.18, p=0.016) on DAS28 reduction.

Swallen and tender joint counts, C-reactive protein, and age are key independent predictars of ther-
apeutic success with TCZ after six months of treatment.

Rheumatoid arthritis, bio-naive, tocilizumab, predictors, markers.

PREDICTORII CLINICI SI DE LABORATOR Al RASPUNSULUI TERAPEUTIC LA TOCILIZUMAB

IN ARTRITA REUMATOIDA
Introducere

Material si metode

Rezultate

Concluzii

Cuvinte-cheie

Medicamentele biologice antireumatice modificatoare de boald ((DMARDs), precum tocilizumahb (TC2),
sunt esentiale pentru reducerea activitatii bolii in artrita reumatoida (AR) moderata si severa. Studiul
urmareste identificarea predictorilor clinici si de laborator ai unui réspuns favorabil la TCZ pentru opti-
mizarea tratamentului personalizat.

Studiul prospectiv a inclus 133 de pacienti bio-naivi (121 femei, 12 barbati, varsta medie 49,87+1331
ani) cu AR seropozitiva (stadii radiologice I-1ll), tratati cu TCZ si csDMARDs la Spitalul Clinic Republi-
can Jimofei Mosneaga". Parametrii clinici si de laborator au fost monitarizati lunar timp de 8 luni.
Datele au fost analizate statistic prin corelatii Spearman si regresie multipla. Wilcoxon signed-rank
test a fost utilizat pentru a compara parametrii inainte si dupa tratament.

Parametrii asociati cu raspuns favorabil au inclus numarul articulatiilor tumefiate (p=0,59, p<0,01),
numarul articulatiilor dureroase (p=040, p<0,01), proteina C reactiva (p=0486, p<0,01), VSH (p=0,25,
p<0,01), trombacitele (p=0,28, p<0,01), hemoglobina (p=-0,26, p<0,01), hematocritul (p=-0,23, p<0,01)
sivarsta (p=-0489, p<0,01). Regresia multipld a confirmat influenta numarului articulatiilor tumefiate
(p=030, p<0,001), varstei (p=-0,30, p<0,001) si proteinei C reactive (p=0,18, p=0,016) asupra reducerii
scorului DAS28.

Numarul articulatiilor tumefiate si dureroase, proteina C reactiva si varsta sunt predictori esentiali
ai succesului terapeutic cu TCZ dupa 6 luni de tratament.

Artrita reuratoida, bio-naiv, tocilizumab, predictor, markeri.
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INTRODUCTION

According to the Treat-to-Target (T2T) strategy, the primary objective in man-
aging rheumatoid arthritis (RA) is to achieve and sustain remission or low
disease activity (1). Biological disease-modifying antirheumatic drugs (bD-
MARDs), such as tocilizumab (TCZ), are essential in implementing this strat-
egy in patients with moderate to severe RA. Despite their effectiveness, there
is limited guidance on selecting the most appropriate bDMARD for initiat-
ing therapy in bio-naive patients. Given that up to one-third of RA patients
receiving tumor necrosis factor-alpha inhibitors (TNF-i) fail to achieve ade-
quate clinical improvement, a personalized approach to bDMARD therapy
may be warranted (2). Initiating treatment with the agent most likely to ob-
tain a positive therapeutic response which could shorten the time to disease
control, reduce healthcare costs, and prevent patient frustration — factors
that may ultimately enhance treatment compliance. Evidence also suggests
that bio-naive patients may exhibit better responses to biologic therapies
compared to those previously treated with biologics, although it remains un-
certain whether this is attributable solely to their treatment-naive status (3).
To optimize treatment selection, it may be beneficial to identify clinical and
laboratory parameters that predict a more favorable response to specific bD-
MARDs. This study aims to identify such predictive markers for tocilizumab,
a humanized monoclonal antibody targeting the interleukin-6 (IL-6) recep-
tor, in patients with seropositive RA.

MATERIAL AND METHODS

Alongitudinal clinical study involving dependent samples was conducted on
133 biologic-naive patients (121 women and 12 men) diagnosed with seropos-
itive rheumatoid arthritis, according to the 2010 ACR/EULAR (American Col-
lege of Rheumatology/European League Against Rheumatism) classification
criteria. All patients were receiving intravenous tocilizumab (TCZ) in accor-
dance with standard treatment protocols, in combination with conventional
synthetic disease-modifying antirheumatic drugs (csDMARDs). Tocilizumab
was administered at a dose of 8 mg/kg every 4 weeks in 113 patients (85%),
while the remaining 20 patients (15%) received 4 mg/kg at the same inter-
val. In addition to TCZ, 115 patients (86%) were treated with methotrexate
at weekly doses ranging from 10 to 12.5 mg, and 18 patients (14%) received
leflunomide at a maintenance dose of 10-20 mg daily. Prior to initiating TCZ
therapy, 101 patients (76%) were taking daily methylprednisolone at doses of
4-12 mg, while 32 patients (24%) did not require corticosteroids for symptom
control. Corticosteroid dosages were individually tapered throughout the
course of treatment. The mean age of the patients was 49.87 +13.31 years.
Before initiating TCZ therapy, the mean disease activity, assessed using the
Disease Activity Score in 28 joints with C-reactive protein (DAS28-CRP), was
6.12 +1.02, and the mean disease duration was 10.08 + 6.9 years. Most patients
had radiologically confirmed signs of disease, classified as Steinbrocker stage
II in 64.66%, stage III in 30.83%, and stage I in 4.51%. Data from patients who
discontinued or interrupted TCZ therapy — thereby deviating from the stan-
dard treatment regimen — as well as those who ceased csDMARD use, were
excluded from the final analysis. To evaluate treatment efficacy, the follow-
ing parameters were assessed prior to each TCZ administration (initially and
then approximately once per month): tender joint count (T]JC), swollen joint
count (SJC), DAS28-CRP score, erythrocyte sedimentation rate (ESR), C-reac-
tive protein (CRP), hemoglobin, hematocrit, red blood cell (RBC) count, abso-
lute neutrophil count, absolute lymphocyte count, and platelet count.
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RESULTS

Data were collected from the medical records of patients who received TCZ
treatment at the Timofei Mosneaga Republican Clinical Hospital in Chisinau,
Moldova, between February 2022 and July 2024, with informed patient con-
sent. The compiled data were used to conduct statistical analyses aimed at
identifying baseline clinical and laboratory parameters that could predict
a favorable therapeutic response to TCZ. Spearman correlation coefficients
were calculated to assess the relationship between individual parameters and
the reduction in disease activity. Multiple regression analysis was conducted
to determine independent predictors of treatment efficacy. The Wilcoxon
signed-rank test was applied to compare clinical parameters before and after
TCZ therapy. Disease activity was assessed using the composite score DAS28-
CRP. To quantify changes in disease activity, the delta DAS28-CRP was calcu-
lated as the difference between the baseline DAS28-CRP score and the score
recorded after six months of treatment. The multiple regression model used
the following equation for the dependent variable DAS28-CRP: z = Bo + B1X1
+ B2X3 + ... + BiXkx where z — result of the equation, X;-Xx — investigated pre-
dictors, Bo — intercept, and Pi1-Bx — regression coefficients. Probability of the
multiple regression (P = 1/(1 + e?); e~2.71828) and coefficient of multiple de-
termination R?were calculated. The statistical analysis was performed using
Statistica StatSoft 10, 95% CI, p<0.05.

This study did not require approval from an Ethics Committee because it ad-
hered strictly to standard clinical protocols and guidelines outlined in the
national clinical protocol “Rheumatoid Arthritis in Adults” of the Republic of
Moldova. All procedures, including the administration of tocilizumab and
csDMARDs, were carried out as part of routine medical practice and complied
with national healthcare regulations under the mandatory health insurance
program. Data were collected from patient records with full respect for ano-
nymity and confidentiality. Informed consent was obtained from all partici-
pants for the use of their anonymized medical data for research purposes.

The EULAR response criteria for assessing treatment effectiveness in rheu-
matoid arthritis are based on changes in the DAS28 composite score after 3
to 6 months of therapy. A good response is defined as a reduction in DAS28 of
more than 1.2, with a final score below 3. A moderate response corresponds
to a reduction of 0.6 to 1.2, while a reduction of less than 0.6 indicates a
non-response (4). According to these criteria, 49 patients (36.85%) were clas-
sified as good responders, 80 (60.15%) as moderate responders, and 4 (3.01%)
as non-responders to tocilizumab therapy, which was added to their existing
csDMARD and corticosteroid regimen.

Swollen joint count (SJC) showed a moderate positive correlation with the
reduction in disease activity (p = 0.59, p < 0.01) (Fig. 1). Similarly, tender joint
count (TJC) was positively correlated with disease activity reduction, though
to a lesser extent (p = 0.40, p < 0.01) (Fig. 2). Age showed a moderate negative
correlation with the reduction in disease activity (p = -0.49, p < 0.01). C-reac-
tive protein (CRP) levels (p = 0.46, p < 0.01) (Fig. 3) and erythrocyte sedimen-
tation rate (ESR) (p = 0.25, p < 0.01) were both positively associated with a
reduction in disease activity. While the correlation with CRP was moderate,
the correlation with ESR was weak. A moderate positive correlation was also
observed between CRP and ESR (r = 0.52, p < 0.01). Baseline hemoglobin (p =
-0.26, p < 0.01) and hematocrit (p =-0.23, p < 0.01) levels before initiating TCZ
therapy were inversely correlated with the degree of DAS28 reduction. An
increase in hemoglobin levels was noted over the course of treatment (Fig. 4).
Platelet counts, although within normal ranges, showed a weak but statisti-
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cally significant positive correlation with the reduction in disease activity (p
=0.29, p <0.01) (Fig. 5). In contrast, red blood cell counts, absolute neutrophil
and lymphocyte counts, and disease duration did not demonstrate any signif-
icant correlation with changes in disease activity.
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Figure 1. Swollen joint count (SJC) upon the start of tocilizumab therapy correlated with reduction
in DAS28-CRP score after a 6-month treatment (scatterplot).
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Figure 2. Tender joint count (TJC) upon the start of tocilizumab therapy correlated with reduction
in DAS28-CRP score after 6-month treatment (scatterplot).
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Figure 3. C-reactive protein levels upon the start of tocilizumab therapy correlated with reduction

in DAS28-CRP score after 6-month treatment (scatterplot).
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Figure 4. Hemoglobin levels assessed monthly over the 6-month treatment period

(box and whisker plot).
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Figure 5. Platelet count upon the start of tocilizumab therapy correlated with reduction

in

DAS28-CRP score after 6B-month treatment (scatterplot).

A multiple regression analysis was performed to evaluate the combined ef-
fect of various factors on the dependent variable ADAS28. The resulting equa-
tion was as follows:

7 =2.346 - 0.3X, + 0.085X, + 0.145X, + 0.240X, + 0.30X_— 0.25X, + 0.246X — 0.08X,
~0.01X, + 0.020X,, + 0.038X,, + 0.001X,

where X, - patient age; X, — erythrocyte sedimentation rate; X, - C-reactive
protein levels; X, — tender joint count; X, — swollen joint count; X -hemoglobin
level; X, —hematocrit; X,—red blood cell count; X,— neutrophil count; X, - lym-
phocyte count; X, — duration of disease; X,,— platelet count.

The multiple regression model was statistically significant, adjusted R? =
0.4863 (p<0.001). The calculated probability of multiple regression was high
(P=94%).

Regression analysis determined SJC (f=0.30, p<0.001), TJC ($=0.24, p=0.0012)
and age (B=-0.30, p<0.001) as significant predictors. Neither CRP nor ESR
showed statistically significant beta coefficients in the model when both
were included (p > 0.05). However, when CRP was excluded, ESR became a
significant predictor (B = 0.16, p = 0.028), and when ESR was excluded, CRP
showed a significant effect (§ = 0.18, p = 0.016). Hemoglobin level, hematocrit,
platelet count, red blood cell count, and absolute neutrophil and lymphocyte
counts were not statistically significant predictors (p > 0.05).

The tables below present the pre- and post-treatment values of the ana-
lyzed clinical (Tab. 1) and laboratory (Tab. 2) parameters, along with the
median change in each parameter following tocilizumab treatment and
the statistical significance of these changes, as determined by the Wilcoxon
signed-rank test.
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Table 1. Clinical features assessed at the initiation of tocilizumab therapy.

Median of change

Significance level

clnez] Mean before TCZ EED) B8 i after 6 months of calculated by Wilcoxon
parameters of treatment :
treatment signed-rank test (p)
TJC 211+73 81+53 -130 <0.001
SJC 88+76 14+24 -6.0 <0.001
DAS28-CRP 6.1+1.02 35+0.8 -2.64 <0.001

protein.

Note: TJC, tender joint count; SJC, swollen joint count. DBAS28-CRP, Disease Activity Score in 28 joints with C-reactive

Table 2. Laboratory findings assessed at the initiation of tocilizumab therapy.

Median of change

Significance level

;:Ea?;la;tc:r\g Mean before TCZ Meagfitt:;tizrinths after 6 months of cal_culated by Wilcoxon
treatment signed-rank test (p)
ESR (mm/hour) 257149 6.9+6.6 -150 <0.001
CRP (mg/L) 1914250 2.2+29 -71 <0.001
Hb (g/L) 118.2+145 1278+9.8 9.0 <0.001
Hct (%) 3643+4.22 38.36+2.86 15 <0.001
RBC (x108/pL) 416+042 417+0.29 -0.16 0.524
NEU (103%/ul) 425+2.1 44+13 0.67 0.106
LYM (10°%/pl) 2.1+08 55+50 385 <0.001
PLT (10%/ul) 311.8+91.5 208.5+530 -970 <0.001
Note: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; Hb, Hemoglobin; Het, hematocrit; RBC, red blood
cell count; NEU, absolute neutrophil count; LYM, absolute lymphocyte count; PLT, platelet count.

DISCUSSIONS

In previous studies, rheumatoid factor, platelet count, hemoglobin lev-
els, aspartate aminotransferase (AST), and alanine aminotransfer-
ase (ALT) have been identified as potential predictors of a more fa-
vorable response to tocilizumab compared to other bDMARDs (5, 6).
In the present sample, factors associated with a greater reduction in disease
activity included elevated CRP and ESR, higher platelet counts, lower hemo-
globin and hematocrit levels, younger age, and increased swollen and tender
joint counts.

C-reactive protein is an acute-phase reactant produced by hepatocytes in re-
sponse to stimulation by pro-inflammatory cytokines, particularly interleu-
kin-6 (IL-6), whose activity is inhibited by TCZ (7). Previous studies suggest
that in certain cases of RA, specific cytokines may play a more dominant role,
rendering bDMARDs targeting less involved pathways less effective (2). It has
been proposed that CRP could serve as a readily accessible, indirect marker
of IL-6-driven disease, with higher baseline CRP levels potentially indicat-
ing greater responsiveness to IL-6 blockade. However, CRP appears to be an
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unreliable standalone predictor of therapeutic efficacy, as reductions in CRP
levels do not consistently correspond with clinical improvement (8, 9).

In contrast to CRP, ESR is also likely influenced by RF and other immunoglob-
ulins (10). A 2022 study further suggests that ESR may serve as a predictor of
tocilizumab efficacy in slowing the radiological progression of RA (11). How-
ever, due to its low specificity, ESR should be considered a supportive indica-
tor of disease activity — and by extension, a potential predictor of treatment
response — only when interpreted alongside more specific biomarkers and
clinical findings.

Platelet counts are elevated by IL-6 through increased megakaryocyte differ-
entiation and high thrombopoietin expression (12). It has been hypothesized
that elevated platelet counts may characterize RA cases in which IL-6-driven
inflammation predominates. A 2017 study used platelet counts, along with
hemoglobin, AST, and ALT levels, to develop a scoring system for comparing
the efficacy of TCZ and TNF-i therapies (6). The present findings align with
the notion that higher platelet counts may be associated with a more favor-
able response to TCZ.

In this patient cohort, pre-treatment hemoglobin levels showed an inverse
correlation with treatment efficacy. The gradual increase in hemoglobin ob-
served during therapy (Figure 4) suggests that systemic inflammation was
likely a major contributing factor to anemia at the tocilizumab treatment
initiation. Prior to therapy, 62 patients (46%), all of whom were women, were
found to be anemic - 34 with moderate and 28 with mild anemia based on
hemoglobin levels. As inflammation subsided, hemoglobin levels rose, and
by six months, anemia was identified in only 17 patients (13%) — 4 with mod-
erate and 13 with mild anemia.

Although the literature supports the beneficial effect of TCZ on hemoglobin
levels in patients with RA (13), this study lacks data on baseline iron status.
It remains unclear whether any patients received concurrent treatment for
iron deficiency anemia, making it difficult to determine the relative impact
of iron deficiency versus RA-associated chronic inflammation on hemoglobin
levels. Nevertheless, a 2013 study also reported that tocilizumab was more
effective in improving anemia than TNF-a inhibitors, attributing this effect to
reduced hepcidin production following IL-6 inhibition (14).

In the present study sample, younger patients tended to show a greater re-
duction in disease activity, a finding consistent with previous research (15).
This may be partly due to a shorter disease duration, as biological therapy
was initiated sooner after diagnosis in younger patients compared to old-
er ones. Consequently, younger individuals often exhibit fewer morpholog-
ical changes, and the associated cyto-molecular processes may be less es-
tablished. A similar rationale has been proposed in discussions regarding
whether bio-naive patients respond more favorably to biologics, as they are
typically younger, have a shorter disease course, and exhibit less advanced
pathological changes. However, in this sample, disease duration was not a
significant predictor of TCZ treatment efficacy.

In the study sample, both tender and swollen joint counts showed a correla-
tion with tocilizumab efficacy. Among them, the swollen joint count was the
more significant and specific predictor of therapeutic success, a finding sup-
ported by previous studies as well (16). One possible explanation for the su-
perior predictive value of SJC is that tenderness may be reported in joints
affected by other conditions, such as osteoarthritis, making it a less specific
marker for RA activity. In contrast, joint swelling can be more objectively as-
sessed by the clinician, thereby offering greater diagnostic specificity.
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Multiple recent studies contributed to the individualization of treatment by
comparing the efficacy of various biologic agents and exploring cyto-molecu-
lar characteristics of RA that may serve as predictors of therapeutic response
(17). Notably, elevated levels of granulocyte-macrophage colony-stimulating
factor (GM-CSF) have been associated with a poor response to tocilizumab
(18). At the same time, the combination of histopathological classification
and genetic analysis appears to offer promising results in identifying RA sub-
types more likely to respond to specific therapies, thus guiding the choice of
therapies (19).

This study has several limitations. Firstly, the relatively small sample size
limited the ability to thoroughly analyze less typical presentations of RA (e.g.,
age <30, disease duration >25 years). Secondly, the medical charts lacked de-
tailed information on investigations and treatments unrelated to RA man-
agement, which prevented conclusions regarding certain findings — such as
potential causes of the observed changes in hemoglobin levels. Thirdly, the
data reflected outcomes only at the end of a limited follow-up period, making
it uncertain whether the identified predictors remain valid for maintaining
low disease activity beyond the 6-month period.

A greater reduction in disease activity following tocilizumab treatment add-
ed to background therapy was positively associated with higher swollen and
tender joint counts, elevated C-reactive protein (CRP) levels, increased eryth-
rocyte sedimentation rate (ESR), and elevated platelet counts.

Hemoglobin and hematocrit levels were negatively correlated with the re-
duction in disease activity.

Swollen and tender joint counts, as well as age, were identified as indepen-
dent predictors of improved therapeutic response to tocilizumab.

These findings indicate that bio-naive, seropositive rheumatoid arthritis
patients who are younger, exhibit high disease activity, and have a greater
number of affected joints are more likely to achieve a favorable response to
tocilizumab after six months of treatment.

The authors of the article deny the existence of any conflict of interest in the
publication of this research.

The study was approved by the Research Ethics Committee of the Nicolae
Testemitanu State University of Medicine and Pharmacy (Decision no. 21 of
21.12.2019).

This study did not receive any external funding. All costs related to the
research were covered by the authors themselves or were supported under
the mandatory health insurance program, in accordance with the national
clinical protocol “Rheumatoid Arthritis in Adults” of the Republic of Moldova.

HONE HEALTH | wwwhbamd

52 August 2025 | Volume B | Issue 3



&QN E HEALTH

S K MANAGEMENT

THE SCIENTIFIC JOURNAL
OF THE MOLDAVIAN BIOSAFETY AND BIOSECURITY ASSOCIATION

REFERENCES

1.

Smolen JS, Landewé RBM, Bijlsma JW]J, et al. EU-
LAR recommendations for the management of
rheumatoid arthritis with synthetic and biologi-
cal disease-modifying antirheumatic drugs: 2019
update. Ann Rheum Dis. 2020;79(6):685-699. doi:
10.1136/annrheumdis-2019-216655

Fatani AZ, Bugshan NA, AlSayyad HM, et al. Caus-
es of the Failure of Biological Therapy at a Tertia-
ry Center: A Cross-Sectional Retrospective Study.
Cureus. Published online September 24, 2021.
doi:10.7759/cureus.18253

Nakashima Y, Kondo M, Harada H, et al. Clinical
evaluation of tocilizumab for patients with ac-
tive rheumatoid arthritis refractory to anti-TNF
biologics: tocilizumab in combination with meth-
otrexate. Mod Rheumatol. 2010;20(4):343-352.
doi:10.1007/s10165-010-0290-x

Van Gestel AM, Prevoo MLL, Van 'T Hof MA, Van
Rijswijk MH, Van De Putte LBA, Van Riel PLCM. De-
velopment and validation of the European League
Against Rheumatism response criteria for rheu-
matoid arthritis. Comparison with the prelimi-
nary American College of Rheumatology and the
World Health Organization/International League
Against Rheumatism Criteria. Arthritis Rheum.
1996;39(1):34-40. doi:10.1002/art.1780390105
Maneiro R], Salgado E, Carmona L, Gomez-Reino
JJ. Rheumatoid factor as predictor of response to
abatacept, rituximab and tocilizumab in rheuma-
toid arthritis: Systematic review and meta-anal-
ysis. Semin Arthritis Rheum. 2013;43(1):9-17.
d0i:10.1016/j.semarthrit.2012.11.007

Nakagawa J, Koyama Y, Kawakami A, et al. A nov-
el scoring system based on common laboratory
tests predicts the efficacy of TNF-inhibitor and
IL-6 targeted therapy in patients with rheuma-
toid arthritis: a retrospective, multicenter obser-
vational study. Arthritis Res Ther. 2017;19(1):185.
doi:10.1186/s13075-017-1387-9

Pope JE, Choy EH. C-reactive protein and implica-
tionsinrheumatoid arthritisand associated comor-
bidities. Semin Arthritis Rheum. 2021;51(1):219-
229. doi:10.1016/j.semarthrit.2020.11.005

Wang ], Devenport ], Low JM, Yu D, Hitraya E.
Relationship Between Baseline and Early Chang-
es in C-Reactive Protein and Interleukin-6 Levels
and Clinical Response to Tocilizumab in Rheu-
matoid Arthritis. Arthritis Care Res (Hoboken).
2016;68(6):882-885. doi:10.1002/acr.22765
Narvéez ], Magallares B, Diaz Torné C, et al. Predic-
tive factors for induction of remission in patients
with active rheumatoid arthritis treated with
tocilizumab in clinical practice. Semin Arthritis

Date of receipt of the manuscript: 04.02.2025

Date of acceptance for publication: 24.07.2025

Marius GOREA, WaS Researcher ID: MFI-1817-2025
Camelia CIORESCU, WoS Researcher ID: MFI-1812-2025
Liliana GROPPA, SCOPUS ID: 57214966323

Lia CHISLARI, WoS Researcher ID: ACA-7903-2022; SCOPUS ID: 57214230205
Victor CAZAC, WoS Researcher ID: HCH-1230-2022; SCOPUS ID: 57214229597
Eugeniu RUSSU, WoS Researcher ID: GQI-4583-2022; SCOPUS ID: 56230881100

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Rheum. 2016;45(4):386-390. doi:10.1016/j.semar-
thrit.2015.07.001

Wolfe F. Comparative usefulness of C-reactive
protein and erythrocyte sedimentation rate in
patients with rheumatoid arthritis. ] Rheumatol.
1997;24(8):1477-1485.  https://pubmed.ncbinlm.
nih.gov/9263138/.

Watanabe R, Murakami K, Fujisaki T, et al. Base-
line erythrocyte sedimentation rate level predicts
long-term inhibition of radiographic progression
by tocilizumab: the KURAMA cohort. Immunol
Med. 2023;46(2):84-92. d0i:10.1080/25785826.2023
.2170384

Jarlborg M, Gabay C. Systemic effects of IL-6
blockade in rheumatoid arthritis beyond the
joints. Cytokine. 2022;149:155742. doi:10.1016/j.
Cyt0.2021.155742

Hashimoto M, Fujii T, Hamaguchi M, et al. Increase
of Hemoglobin Levels by Anti-IL-6 Receptor An-
tibody (Tocilizumab) in Rheumatoid Arthritis.
PLoS One. 2014;9(5):€98202. doi:10.1371/journal.
pone.0098202

Song SNJ, Iwahashi M, Tomosugi N, et al. Com-
parative evaluation of the effects of treatment
with tocilizumab and TNF-a inhibitors on serum
hepcidin, anemia response and disease activity in
rheumatoid arthritis patients. Arthritis Res Ther.
2013;15(5):R141. doi:10.1186/ar4323

Pers YM, Fortunet C, Constant E, et al. Predictors of
response and remission in a large cohort of rheu-
matoid arthritis patients treated with tocilizumab
in clinical practice. Rheumatology. 2014;53(1):76-
84. d0i:10.1093/rheumatology/ket301

Pavelka K, Hejduk K, Mann H, Dokoupilova E,
Suchy D. AB0317 Swollen joints- the only predic-
tor of achieving low disease activity in ra with
tocilizumab therapy in czech national registry
attra. Ann Rheum Dis. 2013;72(Suppl 3):A884.
doi:10.1136/annrheumdis-2013-eular.2639

Su QY, Luo J, Zhang Y, et al. Efficacy and safety
of current therapies for difficult-to-treat rheu-
matoid arthritis: a systematic review and net-
work meta-analysis. | Transl Med. 2024;22(1):795.
doi:10.1186/512967-024-05569-x

Su J, Hu W, Ding Y, et al. Serum GM-CSF level is
a predictor of treatment response to tocilizumab
in rheumatoid arthritis patients: a prospective
observational cohort study. Arthritis Res Ther.
2024;26(1):130. d0i:10.1186/s13075-024-03373-y
Lewis MJ. Predicting best treatment in rheumatoid
arthritis. Semin Arthritis Rheum. 2024,;64:152329.
do0i:10.1016/j.semarthrit.2023.152329

ONE HEALTH

www.bba.md

August 2025 | Volume B | Issue 3


https://pubmed.ncbi.nlm.nih.gov/31969328/
https://pubmed.ncbi.nlm.nih.gov/31969328/
https://pubmed.ncbi.nlm.nih.gov/34712530/
https://pubmed.ncbi.nlm.nih.gov/20480201/
https://pubmed.ncbi.nlm.nih.gov/8546736/
https://pubmed.ncbi.nlm.nih.gov/23290690/
https://pubmed.ncbi.nlm.nih.gov/28800780/
https://pubmed.ncbi.nlm.nih.gov/33385862/
https://pubmed.ncbi.nlm.nih.gov/26473986/
https://pubmed.ncbi.nlm.nih.gov/26254548/
https://pubmed.ncbi.nlm.nih.gov/26254548/
https://pubmed.ncbi.nlm.nih.gov/9263138/
https://pubmed.ncbi.nlm.nih.gov/9263138/
https://pubmed.ncbi.nlm.nih.gov/36688476/
https://pubmed.ncbi.nlm.nih.gov/36688476/
https://pubmed.ncbi.nlm.nih.gov/34688020/
https://pubmed.ncbi.nlm.nih.gov/34688020/
https://pubmed.ncbi.nlm.nih.gov/24878740/
https://pubmed.ncbi.nlm.nih.gov/24878740/
https://pubmed.ncbi.nlm.nih.gov/24286116/
https://pubmed.ncbi.nlm.nih.gov/24056521/
about:blank
https://pubmed.ncbi.nlm.nih.gov/39198829/
https://pubmed.ncbi.nlm.nih.gov/38997725/
https://pubmed.ncbi.nlm.nih.gov/38008706/

&QN E HEALTH

S K MANAGEMENT

THE SCIENTIFIC JOURNAL
OF THE MOLDAVIAN BIOSAFETY AND BIOSECURITY ASSOCIATION

i BIOLOGICAL
SCIENCES

OPEN ACCESS

(CMOoM

SYNTHESIS, ABSORPTION, DISTRIBUTION, METABOLISM,
EXCRETION AND ANTIOXIDANT ASSAY OF SOME N4 -
SUBSTITUTED THIOSEMICARBAZONES OF CINNAMALDEHYDE

Andrei CIURSIN™, Roman RUSNAC™, Aurelian GULEA

Moldova State University, Institute of Chemistry, Scientific Research Laboratary
"Advanced Materials in Biopharmaceuticals and Tehnic", Chisinau, Republic of
Moldava

Carresponding author: Roman Rusnac, e-mail: roman.rusnac@usm.md

https://doi.org/10.38045/chrm.2025.3.05 CzU:547388.3:547571:615.2

ABSTRACT
Introduction

Material and methods

Results

Conclusions

Keywords

The increasing number of cancer diagnoses is a pressing issue in modern medicine. One contrib-
uting factor to cancer development is oxidative stress caused by free radicals, which can damage
proteins, lipids, and DNA. Antioxidants are commonly used to mitigate these effects by neutralizing
free radicals and reducing their harmful impact. Recent studies have shown that thiosemicarba-
zones may have antioxidant properties. These compounds are also known for their potential as
anticancer, antibiotic, and antifungal agents. In this research, a series of thiosemicarbazanes were
synthesized and their antioxidant capacity was evaluated. Additionally, the ADME (Absorption, Distri-
bution, Metabalism, Excretion) parameters of the synthesized compounds were evaluated to deter-
mine their potential as pharmaceutical candidates.

All starting reagents were purchased from Sigma Aldrich or Alfa Aesar. The synthesis of the com-
pounds was carried out using classical methads, adopted for this study. ADME analysis was per-
formed using ADMETLabs 3.0 platform. Antioxidative properties were investigated using the stan-
dard assay method.

Five thiosemicarbazones were synthesized. The presence of characteristic functional groups was
confirmed by FTIR spectroscopy. Synthesized compounds have a good ADME profile, characteristic
of biologically active compounds. It was found that compounds 1 and 5 exhibit antioxidative activity
in 6 times and 3 times higher than Trolox.

Obtaining new thiosemicarbazones based on cinnamaldehyde with the study of antioxidant
properties and ADME screening would allow in the future that these products can be tested in the
clinical and preclinical stages with rigarous evaluations. The synthesized products represent an
increased antioxidant potential for the biopharmaceutical field.

N4-substituted thiosemicarbazones; cinnamaldehyde; antioxidant activity; ADME analysis.

SINTEZA, STUDIUL ADME SI

ACTIVITATEA ANTIOXIDANTA A UNOR TIOSEMICARBAZONE

N4 SUBSTITUITE ALE ALDEHIDEI CINAMICE

Introducere

Material si metode

Rezultate

Concluzii

Cuvinte-cheie

Una dintre problemele actuale ale medicinei moderne o constituie cresterea permanenta a cazu-
rilor de cancer. Deseari, cancerul reprezintd consecinta stresului oxidativ, cauzat de radicalii liberi.
Acesta conduce la deteriorarea ADN-ului si a proteinelor. Pentru combaterea stresului oxidativ sunt
folosite substante cu efect antioxidant. Ele capteaza radicalii liberi, reducand efectele nocive ale
acestora. Multi cercetatori raporteaza ca tiosemicarbazonele pot manifesta efecte antioxidante. Pe
langa aceasta, compusii respectivi sunt cunascuti si pentru efectele lor anticancerigene, antibiotice
si antifungice. In cadrul cercetarii a fost sintetizaté o serie de tiosemicarbazone si a fost examinaté
proprietatea lor antioxidantd. De asemenea au fost evaluati parametrii ADME, in scopul determindrii
potentialului farmaceutic al compusilor sintetizati.

Tati reagentii au fost achizitionati de la Sigma Aldrich sau Alfa Aesar. Sinteza compusilor 1-5 a fost
realizatd conform procedurilor de sinteza clasica, cu unele adaptari de rigoare, in cazul nostru. Ana-
liza ADME a fost efectuaté utilizand ADMET Labs 3.0. Analiza antioxidanta a fost realizaté prin inter-
mediul metodei standard.

Au fost sintetizate cinci tiosemicarbazone noi. Prezenta grupelar functionale caracteristice a fost
confirmata prin intermediul spectroscaopiei FTIR. Compusii sintetizati au un profil ADME bun, carac-
teristic substantelor biologic active. S-a observat, in cazul compusilor 1 si 5, 0 activitate antioxidanta
de 6 si de 3 ari mai mare decat in cazul Trolox, substanta de referinta.

Obtinerea de noi tiosemicarbazone pe bazé de cinamaldehidg, prin studiul proprietétilor antioxidan-
te si screening ADME, ar permite in viitor testarea acestor produse in stadiile clinice si preclinice cu
evaludri riguroase. Produsele sintetizate reprezintd un potential antioxidant sporit pentru domeniul
biofarmaceutic.

Tiosemicarbazone N4-substituite, cinamaldehida, activitate antioxidanta, analiza ADME.
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INTRODUCTION

Medicinal chemistry, like many scientific disciplines, is continually evolving
to meet emerging health challenges. The recent SARS-CoV-2 pandemic has
underscored humanity’s vulnerability to global health crises and empha-
sized the urgent need for the development of novel therapeutic agents. The
rising incidence of cancer remains a major concern. As shown in Figure 1,
the annual incidence is expected to nearly double by 2050 (1). One contrib-
uting factor to cancer development is the presence of free radicals — highly
reactive species capable of inducing oxidative stress (2). These species can
damage cellular proteins, impairing their function, and disrupt lipid mem-
branes, thereby compromising membrane integrity (3). Additionally, free
radicals can induce DNA damage and genetic mutations (4). For example,
mutations in the gene encoding phosphoinositide 3-kinase (PI3K), a key en-
zyme in the PI3K/AKT/mTOR signaling pathway, can result in permanent
activation of PI3K, leading to uncontrolled cell growth (5). Antioxidants are
commonly used to combat free radicals. These compounds have the ability to
trap and bind free radicals, neutralizing their harmful effects. This process
can reduce or even prevent oxidative damage and mutations.

Estimated numbers (in millions)

20

15

=
o

Incidence, Males

Incidence, Females

Mortality, Males

Maortality, Females

4

2022 2026 2030 2034 2038 2042 2046 2050

Years

Figure 1. Estimated numbers of cancer incidence and mortality for 2022-2050 period,

for males and females (1).

In this context, the development of novel compounds with antioxidant prop-
erties represents a highly promising area of research. Thiosemicarbazones,
which can be considered derivatives of Schiff bases, have attracted consid-
erable attention due to their diverse biological activities. Several studies (6,
7) have reported the antioxidant properties of specific thiosemicarbazones
and their metal complexes, some of which have demonstrated greater activ-
ity than reference antioxidants such as Trolox and Rutin. Additionally, other
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studies (8, 9) have described the antiproliferative activity of thiosemicarba-
zones against HL-60 leukemia cells. These compounds have also exhibited
antimicrobial (10-12), antifungal (12, 13), and antitumor (14, 15) properties.
Despite their promising biological effects, it is crucial for thiosemicarbazones
to exhibit low toxicity levels for practical use. One potential solution to this is-
sue is the introduction of natural compounds in their synthesis. In this study,
thiosemicarbazones were synthesized using cinnamaldehyde, a compound
naturally found in the bark of cinnamon trees (16). Previous research has
shown that cinnamaldehyde itself possesses antimicrobial activity (17) and
it is safe for human consumption, as it is commonly used in the food indus-
try. This article reports the synthesis of five cinnamaldehyde-based thiosemi-
carbazones and evaluates their antioxidant activity and ADME (Absorption,
Distribution, Metabolism, and Excretion) profiles. The aim of this study was
to obtain thiosemicarbazone derivatives with antioxidant properties and fa-
vorable pharmacokinetic parameters, supporting their potential for future
pharmaceutical development.

MATERIAL AND METHODS

All starting reagents were purchased from Sigma Aldrich or Alfa Aesar and
used without any further purification. FTIR spectroscopy was performed
using a Brucker Alpha spectrometer at room temperature. ADME analysis
was performed using ADMETLab3.0 (18). Antioxidant activity assay was per-
formed using the procedure described in source (19). General procedures for
compounds synthesis have been taken and adapted from sources (20, 21, 22).

GENERAL PROCEDURE FOR ISOTHIOCYANATES SYNTHESIS

The primary amine (1.0 equiv.) was dissolved in a biphasic mixture of hex-
ane and water, followed by the addition of sodium bicarbonate (NaHCOs, 2.0
equiv.). The reaction mixture was cooled to approximately 0°C, and a solu-
tion of thiophosgene (1.0 equiv.) in hexane was added dropwise under stir-
ring. The mixture was then stirred at room temperature until the red-orange
color disappeared. The organic (hexane) layer was separated, washed three
times with saturated NaHCOs solution, and dried over anhydrous Na;SOs.
After removal of the solvent under reduced pressure, the resulting pale yel-
low oils were obtained, affording hexyl isothiocyanate in 76% yield and octyl
isothiocyanate in 83% yield.

1 eq.CSCl., 2 eq. NaHCO Z5
H.C NH 2 3 z
I TR o
n Hexan/water n

n=3y5,7

Figure 2. Scheme of isothiocyanates synthesis.

GENERAL PROCEDURE FOR THIOSEMICARBAZIDES SYNTHESIS

The reaction for the formation of thiosemicarbazides was carried out ac-
cording to the following synthesis protocol: the appropiate isothiocyanate
dissolved in tetrahydrofuran is added dropwise to the solution of hydrazine
monohydrate in THF while the reaction mixture was cooled in an ice and
salt bath during the mixing of the initial reagents. After the addition was
complete, the mixture was stirred at room temperature for 30 minutes. The
progress of the reaction was monitored by thin-layer chromatography (TLC).
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0 N=—H

\—/

The resulting precipitate was filtered, washed with cold ethanol, and then
washed three times with diethyl ether. The reaction afforded white solids:
N*-hexylthiosemicarbazide (85% yield), N*-octylthiosemicarbazide (92%
yield), and N*-norbornylthiosemicarbazide (91% yield). The melting points
and IR spectra of the products were consistent with those reported in the

literature.
R_N\\C NH, H.0 JSI\
—————> R NH
\\S THF SNH SNH 2

Figure 3. Scheme of thiosemicarbazides synthesis,
R = exa-norborn-2-yl, hex-1-yl and oct-1-yl.

MORPHOLINE-THIOSEMICARBAZIDE SYNTHESIS

Thiophosgene (1.0 equiv.) was dissolved in chloroform and, with constant
stirring, added to a chloroform solution of morpholine (1.0 equiv.) and tri-
ethylamine (1.0 equiv.), which had been cooled in an ice-salt bath. The reac-
tion mixture was then stirred at room temperature for 3 hours. Diethyl ether
was subsequently added until triethylamine hydrochloride fully precipitat-
ed. The precipitate was removed by filtration, and the resulting solution was
concentrated using a rotary evaporator. Cold hexane was added to the con-
centrated solution to induce crystallization. The crystalline solid was collect-
ed by filtration and air-dried to afford morpholine-4-carbothioyl chloride as
a pale yellow solid in 55% yield.

To a solution of hydrazine monohydrate (1.0 equiv.) in absolute 1,4-dioxane,
a solution of morpholine-4-carbothioyl chloride (1.0 equiv.) was added drop-
wise. The reaction mixture was stirred for 30 minutes at room temperature,
leading to the formation of a light pink precipitate. The product was filtered,
washed with diethyl ether, and dried to yield morpholine-thiosemicarbazide
(IUPAC name: morpholine-4-carbothiohydrazide) as a white solid in 67%
yield.

NH=NH
cscl,, Et,N Fl NH, H,O /\ 2

> < = O N
CHCI, \ / 1,4-dioxane \ / S

Figure 4. Scheme of morphol|ne—4—carb0thi0hydrazide synthesis.

S
R JI\ NH
“NH NH

Figure 5. Scheme of thiosemicarbazones synthesis R= H, norborn-2-yl, hex-1-yl and oct-1-yl, morpholin-1-yl.

GENERAL PROCEDURE FOR THIOSEMICARBAZONES SYNTHESIS

In a round-bottomed flask, 1 equivalent of the corresponding thiosemicar-
bazide and 1 equivalent of cinnamaldehyde were added, using ethanol as a
solvent. A small amount of glacial acetic acid (3-5 drops) was then added as
a catalyst. The mixture was refluxed for 2-4 hours, with the consumption of
the initial compounds monitored using chromatography. After cooling, the
reaction mixture was filtered and the solid product was washed with ethanol
and dried.

NN CHg000H S \N/N\n/
T Eton
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RESULTS

s
)l\ AN
HoN NH

compound (1)

Compound (1)

Compound (2)

Compound (3)

Compound (4)

Compound (5)

COMPOUNDS SYNTHESIS

The thiosemicarbazones were synthesized using a general synthetic proce-
dure, resulting in good yields of 79-93% with the exception of compound 5,
which was obtained in 66% yield. The presence of functional groups was con-
firmed using FTIR spectroscopy, indirectly confirming the structure of the
synthesized compounds. The structures of the synthesized compounds are
shown in Figure 6.

s s
H,,C Jl\ N ngcg Jk N
B78sHT SNH AV SNHOOONH NN

compound (2 compound (3)

s s
NHJ\NH'N\ A (\NJI\NH'N\ X

&/compound (4) 0\) compound (5)

Figure B. Structure of synthesised compounds 1-5.

(2E)-2-[(2E)-3-phenylprop-2-en-1-ylidene]hydrazine-1-carbothioamide

It was synthesized according to the general procedure. Yellow solid, reflux
time — 2.5 hours. Yield: 93%. FTIR (cm™): 3340 v (N-H, secondary amine); 3058
v (C-H, Alkene); 1545 v (C=N, imine); 765, 696 v (C-H, monosubstituted ben-
zene ring), 1245 v (C=S).

(2E)-N-hexyl-2-[(2E)-3-phenylprop-2-en-1-ylidene]hydrazine-1-carbothioamide

It was synthesized according to the general procedure. Yellow solid, reflux
time - 3.5 hours. Yield: 85%. FTIR (cm™?): 3344 v (N-H, secondary amine); 3132,
3004, 2924, 2853 v (C-H, Alkane); 3056 v (C-H, Alkene); 1540 v (C=N, imine);
750, 691 v (C-H, monosubstituted benzene ring), 1258 v (C=S).

(2E)-N-octyl-2-[(2E)-3-phenylprop-2-en-1-ylidene]hydrazine-1-carbothioamide

It was synthesized according to the general procedure. Yellow solid, reflux
time — 4.5 hours. Yield: 88%. FTIR (cm™?): 3347 v (N-H, secondary amine); 3139,
3008, 2921, 2861 v (C-H, Alkane); 3060 v (C-H, Alkene); 1553 v (C=N, imine);
751, 689 v (C-H, monosubstituted benzene ring), 1246 v (C=S).

(E)-N-((1R,2S,4S)-bicyclo[2.2.1]heptan-2-yl)-2-((E)-3-phenylallylidene)
hydrazinecarbo-thioamide

It was synthesized according to the general procedure. Yellow solid, reflux
time — 5 hours. Yield: 79%. FTIR (cm?): 3313 v (N-H, secondary amine); 3123,
2983, 2945, 2866 v (C-H, Alkane); 3037 v (C-H, Alkene); 1533 v (C=N, imine);
745, 689 v (C-H, monosubstituted benzene ring), 1231 v (C=S).

N’-[(1E,2E)-3-phenylprop-2-en-1-ylidene]Jmorpholine-4-carbothiohydrazide (5)

It was synthesized according to the general procedure. Yellow solid, reflux
time — 6 hours. Yield: 66%. FTIR (cm™): 2965, 2859 v (C-H, Alkane); 3026 v (C-H,
Alkene); 1450 v (C=N, imine); 754, 693 v (C-H, monosubstituted benzene ring),
1240 v (C=S).
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ADME analysis

ADME analysis is an essential initial screening tool for assessing the poten-
tial biological activity of compounds. Additionally, analyzing the data obtained
from this assay provides some valuable insights into key parameters for the
compound’s future use. Table 1 presents the calculated physicochemical prop-
erties, including the logarithm of the octanol-water partition coefficient (Log
P ), which indicates the ratio of a compounds solubility in lipophilic (octanol)
and hydrophilic (water) phases. Ideally, Log P value should not exceed 5, as
it indicates that the compound will primarily remain in the cell membrane.
Conversely, values below 1 suggests that the compound will not penetrate the
membrane at all. It is worth noting that all synthesized compounds, except for
3, have acceptable partition coefficient values. Furthermore, the pK, values for
the synthesized compounds fall within the range of 8.3-9.9, indicating that they
are more likely to be absorbed in the intestine rather than the stomach.

Table 1. Some physicochemical properties calculated for compounds 1-5.

Physicochemical properties

Campaing Number of H-bond Number of Mole_cular
acceptors H-bond donors weight
1 1 2 205.28 281 8.36
2 1 2 28944 482 948
& 1 2 31749 5.55 9.87
4 1 2 29943 456 9.26
5 2 1 27537 301 883

LogP,,, - logarithm of the octanol-water partition index value, pK, - acidity constant

o/w

In general, the descriptors in Table 1-namely, the number of H-bond accep-
tors, number of H-bond donors, molecular weight, and Log P_ ) can be evalu-
ated using drug likeness rules to identify potential drug-like compounds with
promising biological activity. As shown in Table 2, all compounds, with the
exception of compound 3, meet all commonly used rules, indicating a high
likelihood of biological activity. However, compound 3 does not meet the Ve-
ber and Muegge rule due to its high Log P value.

Table 2. Correspondence to drug-likeness rules of synthesized compounds.

Drug-likeness rules correspondence
Compound Lipinski Ghose Veber

+ +

+ +

*+ correspond; **- not correspond

Table 3 presents calculated ADME data, which shows that all compounds,
except for 5, are not inhibitors or substrates for permeability glycoprotein
(Pgp), also known as MDR1 - multidrug resistance protein 1.

These findings suggest that compounds 1-4 are unlikely to exhibit drug resis-
tance effects mediated by this protein. The calculated plasma clearance val-

ONE HEALTH | www.hbbamd 59 August 2025 | Volume 6 | Issue 3

BRTSK MANAGEMENT



ONE HEALTH THE SCIENTIFIC JOURNAL

& RISK MANAGEMENT OF THE MOLDAVIAN BIOSAFETY AND BIOSECURITY ASSOCIATION

ues indicate a relatively slow clearance rate, which may result in prolonged
retention in the body and potentially lower dosing requirements. However,
this could also increase the risk of accumulation and associated toxicity. Ad-
ditionally, all compounds - except for compound 5 — are predicted to have
oral bioavailability (F% > 20%), indicating favorable systemic exposure fol-
lowing oral administration.

None of the synthesized compounds are predicted to cross the blood-brain
barrier, suggesting a low likelihood of central nervous system-related side
effects. Furthermore, all compounds are expected to exhibit good intestinal
absorption, with predicted absorption rates of at least 30%.

Table 3. Calculated ADME parameters for compounds 1-5.

ADME parameters
Compound PIaSnTSr‘;Ii?SLagnce' in:iilijtor sul:?sgtrrjate
1 336 - - >30% o .
2 5486 = = >30% - +
3 523 - § >30% - :
4 310 = = >30% - +
5 6.79 = + >30% - -

HIA - human intestinal absarption, BBB - crossing of blood-brain barrier,
F20% - bioavailability >20%; Pgp - permeability glycoprotein
*+Yes; **-No

ANTIOXIDANT ACTIVITY ASSAY

The antioxidant activity of the synthesized compounds was also assessed,
following the procedure described in (19). The results are shown in Figure 7.
The data reveals that compounds 2, 3, and 4 do not possess significant anti-
oxidant activity. However, compound 5 exhibits three times the antioxidant
activity of Trolox, and compound 1 has six times the activity.

>100 >100 >100

50
45
40
35 3333
30
25
20
15
10.05
10
5.50
. B
0
1 2 3 4 S

Trolox

IC,,, uM

Compound

Figure 7. Antioxidant activity IC, of tested compounds compared with Trolox.
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DISSCUSIONS

CONCLUSIONS

CONFLICT OF INTEREST
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AUTHOR
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The compounds were synthesized using to the procedures outlined in our
previous work. The final yields of the compounds 1-5 can be considered good.
All compounds, with the exception of compound 3, correspond to all the most
widespread used drug likeness rules. The activity of the synthesized com-
pounds, with the exception of compound 5, is not expected to be affected by
MDR1- mediated drug resistance. Furthermore, the ADME profile obtained
from the results indicates that the synthesized compounds possess drug like-
ness indices characteristic of medicinal compounds. Antioxidant analysis re-
vealed that compound 1 and 5 exhibit stronger antioxidant properties than
Trolox. Based on these findings and the ADME analysis, it can be assumed
that compound 1 has the highest potential for reducing oxidative stress in
biochemical system:s.

Five thiosemicarbazone derivatives based on cinnamaldehyde were suc-
cessfully synthesized, and their structures were confirmed through infrared
spectroscopy.

. The synthesized compounds exhibited favorable pharmacokinetic proper-

ties, including absorption, distribution, metabolism, and excretion, with the
exception of compound 5, which deviates from commonly accepted drug-like-
ness criteria.

These compounds are not expected to cross the blood-brain barrier, thereby
reducing the risk of adverse effects related to central nervous system inter-
actions.

With the exception of compound 5, the compounds are unlikely to act as sub-
strates or inhibitors of permeability glycoprotein, suggesting their bioavail-
ability and activity are not significantly influenced by this efflux transporter.

Antioxidant assays revealed that compounds 1 and 5 exhibit significantly en-
hanced activity compared to Trolox, being approximately 6-fold and 3-fold
more potent, respectively.
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in font Cambria, size 11 points, spaced at 1.0, fully justified alignment, fields 2 cm on all sides. All pages must be numbered consecu-
tively (in the right bottom corner) and continuously. Abbreviations should be explained at first occurrence in the text and should not
be excessively used. The manuscripts must not exceed the number of words (without the title, affiliation, abstract and references):
review articles - 4500 words; research articles - 3000 words; expert opinions - 2500 words; case presentation - 1,700 words;
experimental and clinical notes - 1,300 words; book reviews and presentations - 2,000 words; teaching articles - 4000 words. The
volume of tables and figures should not exceed 1/3 from the volume of the manuscript. The journal reserves the right to make any
other formatting changes. Rejected manuscripts are not returned.

All manuscripts submitted for publication should be accompanied by two abstracts:
in the language of origin of the article and English.

Title and authors

The title should be as shart as passible (maximum - 120 signs The summary should not include tables, charts, and bib-
with spaces), relevant for the manuscript content. The names liographic notes; information not included in the article.

of the authors should be written in full: name, surname (e.g.

Jon JONES). Affiliation should include: Department/Unit/Chair, Figures. The text included in figures should be written in font
University/Hospital, City, Country of each author. Beneath the Cambrig, 10 point. Each figure should be accompanied by a

affiliation, the author's details and contact information - heading and legend. They should be numbered with Arabic nu-
e-mail address (e.g. correspanding author: Jon Jones, e-mail: merals and placed in parentheses (e.g. fig. 1). Both the title (e.g.
jon.jones@gmail.com). Figure 1) and legend are centred, below the figure.

Tables. The text included in tables should be written in font Cam-

The structure of the manuscrlpt bria, 10 point. Each table should be accompanied by a heading.

The manuscript should comprise the following sub- headings Tables should be inserted into the text and adjusted to the width
(capitalized): of the page. The tables are numbered in Arabic numerals and
- SUMMARY mentioned in body text in parentheses (e.g. tab. 1). The title of the

- INTRODUCTION (will reflect the topical ity and the gen- table is centred on the top of the table (6.9, Table 1).
Eral %esgntaftlt?jn Oitge problem studied, purpose and References are numbered in the order they appear in the pa-
ypothesis of the study) per. The reference sources are cited at the end of the article
- MATERIAL AND METHODS by using AMA style and will include only the references cited
—  RESULTS within the text (the reference is numbered within round paren-
—  DISCUSSIONS theses). The intext citations that appear more than once are

numbered similarly as in the first citation. The number of ref-

- CONCLUSIONS erences should not exceed 50 sources. The scientific authors
- CONFLICT OF INTERESTS are responsible for the accuracy of their writings. The refer-
- ACKNOWLEDGEMENT (optional) ence list should include only those references that have been

consulted by the authars of the manuscript. The elements of
the reference sources are written exactly in accordance with
the requirements.

- ETHICAL APPROVAL (specify the presence or absence
of a positive opinion from the ethics committee: no,
date, institution ad informed consent)

- REFERENCES For more information see: http://journal.ohrm. bba.md/index.

php/journal-chrm-bba-md/editing_ guidelines
The summary should contain 1,600 signs with spaces:

- Introduction

- Material and methods
- Results

- Conclusions

- Key words: 3-5 words
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CERINTE PENTRU AUTORI

Reguli de tehnoredactare

Pregatirea manuscrisului (elaborat in limbile engleza si franceza) va fiin conformitate cu instructiunile publicate in: Uniform Require-
ments for Manuscripts Submitted to Biomedical Journals (1994) Lancet 1996, 348, V2; 1-4 (www.icmje.org). Manuscrisele trebuie sa
fie cu font Cambria, dimensiune 11 puncte, spatiat la interval 1,0, aliniere justificatd, campurile 2 cm pe toate laturile. Toate paginile
trebuie s& fie numerotate consecutiv (in coltul de jos, in partea dreaptd) si sa includd numerotarea continua a paginilor. Abrevierile
trebuie sa fie explicate la prima aparitie in text si nu trebuie utilizate excesiv. Manuscrisele nu trebuie sa depaseasca (fard a numara
titlul, afilierea, rezumatul si referintele): pentru articole de sinteza/referate - 4500 de cuvinte; pentru articole de cercetare - 3000
de cuvinte; pentru opinii ale expertilor - 2500 de cuvinte; prezentare de caz si imagini din practica clinica/laborator - 1700 de cuvin-
te; note experimentale si clinice - 1300 de cuvinte; recenzii si prezentari de carte - 2000 de cuvinte; articole didactice - 4000 de
cuvinte. Volumul tabelelor si figurilor nu trebuie sa depaseasca 1/3 din volumul manuscrisului. Revista isi rezervéa dreptul de a face
orice alte modificari de formatare. Manuscrisele respinse nu sunt returnate.

Toate manuscrisele transmise spre publicare trebuie sa fie insotite de doua rezumate:
in limba de origine al articolului si in limba engleza.

Titlul si autorii

Titlul ar trebui séa fie cat mai scurt posibil (maximum - 120 de In rezumat nu vor fi incluse tabele, grafice si note bibliografice;
semne cu spatii), elocvent pentru continutul manuscrisului. informatii care nu sunt prezentate in studiu.

Numele autorilor vor fi scrise deplin: prenume, nume de familie

(ex: lon RUSU). Afilierea va include: Sectia/Departamentul/Ca- Figuri. Textul inclus in figuri trebuie sa fie scris cu font Cambiria,
tedra, Universitatea/Spitalul, Orasul, Tara pentru fiecare autor. dimensiune 10 puncte. Fiecare figura trebuie sa fie insotita
Se vor mentiona obligatoriu, mai jos, datele autorului cores- de titlu si legenda. Ele vor fi numerotate cu cifre arabe si vor fi
pondent si informatiile de contact - adresa de e-mail (ex: autor mentionate in text in paranteze (ex: fig. 1). Titlul (ex: Figura 1) si
Corespondent lon Rusu, e-mail: ionlrusu@gma”.com). |eg8nda flgurll trebuie sa fie scrisa centrat, sub flguré

Tabele. Textul inclus in tabele trebuie sa fie scris cu font Cam-

Structura manuscrisului bria, dimensiune 10 puncte. Fiecare tabel trebuie sa fie insatita

Manuscrisul va cuprinde urmatoarele subtitluri (scrise cu de titlu. Tabelele vor fi inserate in text, fara a depéasi latimea
majuscule): unei pagini. Ele vor fi numerotate cu cifre arabe si vor fi menti-
- REZUMAT (vezi cerintele mai jos) onate in text in paranteze (ex: tab. 1). Titlul tabelului va fi poziti-

- INTRODUCERE (se va reflecta actualitatea si prezen- onat deasupra tabelulul centrat (ex Tabelul 1).

EITEr) el ) g nl s el e, e £l i |peitere Referintele trebuie sa fie numerotate in ordinea aparitiei in

studiulu) text. Citarea sursei de referinta va fi conform stilului AMA, pla-
- MATERIAL S| METODE sat4 la sfarsitul articolului si va include doar referintele citate
—  REZULTATE in text (mentionand numarul de referinta in paranteza rotunda).
_  DISCUTII Daca aceeasi referinta este citatd de mai multe ori, ea va fi tre-
' cuta in text cu acelasi numar ca la prima citare. Numarul total

- CONCLUuzIl

de referinte nu va depasi 50 de surse. Acuratetea datelor tine
- CONFLICT DE INTERESE de responsabilitatea autorului.

- MULTUMIRI SI FINANTARE (optional) ) ) . " )
' ’ ' Pentru mai multe informatii consultatii: http://journal.chrm.

-~ APROBAREA ETICA (se va specifica prezenta sau lipsa bba.md/index.php/journal-ochrm-bba-md/editing_guidelines
avizului pozitiv de la comitetul de etica: nr, data, institu-

tia si acordul informat)
- REFERINTE

Rezumatul va contine pana la 1600 de semne cu spatii si va
cuprinde:

- Introducere

- Material si metode

- Rezultate

- Concluzii

- Cuvinte-cheie: 3-5 cuvinte
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EXIGENCES POUR LES AUTEURS

Normes de rédaction

La préparation des manuscrits (rédigés en anglais et frangais) sera conforme aux instructions publiées dans Uniform Requirements
for Manuscripts Submitted to Biomedical Journals (1994) Lancet 1996, 348, V2, 1-4 (www.cmje.org). Les manuscrits doivent étre
en police Cambrig, taille 11 points, espacés a l'intervalle 1,0, alignement justifié, champs 2 cm de tous les cotés. Toutes les pages
doivent étre numeérotées consécutivement (dans le coin inférieur droit) et inclure une numérotation continue des pages. Les abrévi-
ations doivent étre expliquées lors de la premiere apparition dans le texte et ne doivent pas étre utilisées de maniere excessive.
Les manuscrits ne doivent pas dépasser (sans mentionner le titre, I'affiliation, le résume et la bibliographie) le volume suivant: pour
articles de synthese/rapports - 4500 mats; pour les articles de recherche - 3000 mots; pour les opinions d'experts - 2500 mots;
présentation de cas et photos de la pratique clinique/de laboratoire - 1700 mots; notes expérimentales et clinigues - 1300 mots;
commentaires et présentations de livres - 2000 mots; articles pedagogiques - 4000 mots. Le volume des tableaux et des figures
ne doit pas dépasser 1/3 du volume du manuscrit. La revue se réserve le droit d'apporter toute autre modification de formatage. Les
manuscrits rejetés ne sont pas retournés.

Tous les manuscrits a publier doivent &tre accompagnés par deux résumés:
dans la langue originale et en anglais.

Titre et auteurs

Le titre doit étre le plus court que possible (maximum - 120 Le resumeé ne comprendra pas des tableaux, graphiques et des
signes avec espaces), éloquent pour le contenu du manuscrit. notes bibliographigues; des informations non présentées dans
Les noms des auteurs serant écrits complets: prénom, nom I'etude.

(ex: Albert LEBRUN). Quant a l'affiliation, on devra indiquer: Sec-

tion/Département/Chaire, Université/Hopital, Ville, Pays - pour Figures. Le texte inclus dans les figures doit étre écrit avec po-
chague auteur. Les données de l'auteur correspondant et les lice Cambria, taille 10 points. Chague figure doit étre accom-
coordonnées - adresse e-mail (ex: auteur correspondant: Al- pagneé par un titre et une legende. Ceuxci seront numérotes
bert Lebrun, e-mail: albertlebrun@gmailcom) seront ohliga- avec des chiffres arabes et mentionnés dans le texte entre
toires ci-dessous. parentheses (ex: fig. 1). Le titre (ex: Figure 1) et la Iégende de la

figure doivent étre centrés, au-dessous de la figure.

Structure du manuscrit Tableaux. Le texte inclus dans les tableaux doit étre écrit

Le manuscrit comprendra les sous-titres suivants (avec lettres avec police Cambria, taille 10 points. Chaque tableau doit

majuscules): étre accompagneé par un titre. Les tableaux seront numeérotés

- RESUME (voir les exigences ci-dessous) avec des chiffres arabes, mentionnés dans le texte entre

- INTRODUCTION (reflétera l'actualité et la présentation p:-jwrenthéses (ex tab.|1), 6t seront in_sérés dans le texte, san;

générale du probleme étudig, le but et 'hypothese de dépasser la largeur d'une page. Le titre du tableau sera placé
I'étude) au-dessus du tableau, centré (ex: Tableau 1).

- METHODES Les références doivent étre numérotées dans l'ordre ou elles

—  RESULTATS apparaissent dans le texte. La citation de la source de référence

—  DISCUSSIONS sera de style AMA, placée a la fin de l'article et n'inclura que

des références citées dans le texte (mentionnant le numéro

- CONCLUSIONS de référence entre parentheses rondes). Si la méme référence

- CONFLIT D'INTERETS est citée plusieurs fois, elle sera transmise dans le texte avec

- REMERCIEMENTS ET FINANCEMENT le méme numero que celui de la premigre citation. Le nombre

total de références ne dépassera pas 50 sources. La respons-
abilité pour I'exactitude des données est a la charge de l'au-
teur. Il faut indiquer dans le manuscrit seulement les référenc-
es vraiment consultées par les auteurs. Les composants des
- REFERENCES sources de référence doivent étre rédigés strictement selon
les exigences.

- APPROBATION ETHIQUE (préciser la présence ou l'ab-
sence d'avis favorable du comité d'éthique: no, date,
institution et consentement éclairé)

Le résumé contiendra 1600 signes avec espaces:

- Introduction Pour plus d'informations, vair: http://journal.ohrm. bba.md/
_  Méthodes index.php/journal-chrm-bba-md/editing_ guidelines

- Résultats

- Conclusions

- Motsclés: 3-5mots.
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The One Health concept

©

5

Globally, the 0One Health concept is a worldwide strategy to expand
interdisciplinary collaborations and communications in all aspects related to
the health care of humans, domestic animals or wildlife, which can no longer
be approached separately, but only jointly.

One Health addresses not only human and animal disease concerns, but
also issues related to lifestyle, diet, exercise, the impact of different types of
human-animal relationships, and environmental exposures that can affect
bath populations. In order to achieve the expected effects, it is also necessary
to educate the population to make them aware of the risk factors and benefits
of prevention, as well as communication and understanding between patients
and healthcare providers.

HUMAN HEALTH

The WHO defined health in 1946 as “a state of complete physical, mental
and social well-being and not merely the absence of disease or infirmity”,
with the later addition of “the capacity to lead a socially and economically
productive life”.

ANIMAL HEALTH

The OIE defines animal welfare in 2008: an animal is in good condition if
it is healthy, enjoys comfort, is well fed, is safe, is able to display its innate
(natural) behavior and does not suffer from unpleasant conditions such as
pain, fear and stress.

PLANT AND ENVIROMENTAL HEALTH

Environmental health refers to those aspects of human health that include
the quality of life determined by physical, biological, socio-economic and
psycho-social factors in the environment. The interrelationships of people
with the environment concern medicine, when an ecological system is in a
state of equilibrium, the health of the population prevails.
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