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=2 AND BIOSR
. g1~(l’~/_ 8500 =
/)}_

7

and practical, instructive and educational, non-governmental, apolitical and

non-profit professional organization, created 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 promotion of

SMpg® P~// knowledge within professional and research-innovation groups.

Biosafety - 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”.

Biosecurity - 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".

Risk management - 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.
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The One Health Concept: Wovk'mg on a more eﬁ‘tcien’c healthcare system

Gijsbert VAN WILLIGEN,

PhD, Biorisk Management Professional

Leiden University Medical Center

Department of Health Safety and the Environment
Leiden, the Netherlands

One Health Concept of the world Health nganisaﬁon is not a new concept, but it was somewhat ne-
glected over the years. However, the concept is a very important one. It recognizes that human health,
animal health and environmental health are interconnected instead of separate sub jects. Furthermore
it is very important for how we (should) look at human health care. Besides these 3 main ﬁelds also food
safety is part of the One Health Concept. A lot of the yearly illnesses derive ﬁfom contaminated food or
are transmitted on food. Some even say that more than ha[f of the illnesses in human originate ﬁfom
food sources. Examples ﬁfom recent history that started from food are the Ebola outbreak in West Af—
rica ’oy bush meat and the the SARS-CoV-2 pandemic that pro’oa’oly started at a food market in

Wuhang, although for the last is still no conclusive evidence.

At the moment we treat patients in hospital that are ill as we did in the past and what we will keep on
doing in the ﬁamre. That is of course a good approach, but aren’t we treating symptoms of a much
bigger prob[em? To my opinion we don’t tackle the actual source of the disease that main[y lies not in
the patient 'Ltself but in his suwounding like the environment, [ife sty[e, food safety (in the broadest
sense of theword) or even the genetic composition of the patient. Sometimes, we even can’t treat patients
anymore because of the antibiotic resistance of microorganisms that is derived ﬁrom the animal indus-

try to provide us with food pvoducts.

With the strategy of the One Health Concept we can address and solve main causes of human diseases
that [ay outside of the health care system. It is an integrated approach in which experts ﬁom all ﬁe[ds
that need to be involved will work toge’cher and ﬁnd solutions for, not on[y human diseases, but also
solutions for better food safety, animal health and environmental health including the climate changes
we are suﬂev'mg ﬁfom V'Lght now. It is an integvated appvoach where no borders between all involved
discip[ines should be present and a new 'm’cegvated way of think[ng must be present. Main th'mg is that
alot of issues must be tackled and solved. Only with the integrated appvoach of the One Health Concept
it should be feas'dole to reach the targets. However, fov Veaching the targets of the One Health Concept
alot of other peop[e will be involved besides the experts. Without po[icy makers and po[iﬁcians the One
Health Conce]o’t will not work, because only with a g[o]oa[ approach targets will be reached. Without the
commitment of poﬁﬁcians ﬁfom all countries prob[ems will be tackled on[y [ocaUy, instead of the global
appvoach needed for the One Health Concept.

For the One Health Concept a p[agcorm where information can be shared. One examp[e is the J owrnal
One Health & Risk Management which Vegulavly pays attention to subjects of the One Health Concept.

)/
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THE MICROBIAL STATUS OF BEE FAMILIES APIS MELIFERA DURING THE WINTER PERIOD
Veronica BUGNEAC"™, Nicolae STARCIUC
Technical University of Moldova, Chisinau, Republic of Moldova

Corresponding author: Nicolae Starciuc, e-mail: nicolae.starciuc@sasp.utm.md
DOI: 10.38045/0hrm.2024.1.01 CZU: 638.124.22:579.61

Keywords: bees, bac- Introduction. Bees are very important to balancing different ecosystems around the globe.
teria, fungals, culture It’s worth noting that, like animals and humans, bees are affected by different pathogens,
media, bacterial colo- such as bacteria, viruses, ecto- and endoparasites, and fungi. Therefore, the health of bee fam-
nies. ilies depends on the veterinary sanitary measures undertaken by the beekeepers in close con-
tact with the veterinarians. The aim of the research is to analyze the impact of the microbial
status of bee families during the winter period.
Material and methods. The research consisted of bee families from the experimental apiary
of the Institute of Microbiology and Biotechnology of the Technical University of Moldova.
Samples of dead bees, about 50 from each examined hive, were collected for bacteriological
research. The morphological properties of the bacterial colonies were studied.
Results. The obtained results demonstrate that a diverse microbial microflora prevails in bee
families during the winter period. The results of microscopic investigations confirmed the
presence of bacteria E. coli, accounting for over 50% of bacterial forms, followed by Strepto-
coccus and Staphylococcus with a level of 30%, fungal flora 15%, and up to 5% bacteria of
the genus Salmonella spp.
Conclusions. The bacteriological research carried out in bee families after the winter period,
reproduces the data of persistent bacteriocenosis in bee families during the cold period of the
year and allows for predicting the risk of infectious diseases in bees.

Cuvinte-cheie:  al- STATUSUL MICROBIAN AL FAMILIILOR DE ALBINE APIS MELIFERA iN PERIOADA

bine, bacterii, fungi, 1ERNATULUI

medii de culturd, colo- Introducere. Albinele sunt incredibil de importante pentru a echilibra diferite ecosisteme de

nii bacteriene, pe glob. De mentionat faptul cd albinele asemeni animalelor si oamenilor sunt afectate de
diferiti agenti patogeni — bacterii, virusi, ecto si endoparaziti, fungi. Din acest considerent,
sandtatea familiilor de albine depinde de actiunile sanitare veterinare care le intreprind
apicultorii in stransd conlucrare cu medicii veterinari. Scopul cercetdrii - analiza impactului
statusului microbian al familiilor de albine in perioada iernatului.
Material si metode. Ca material de cercetare au servit familiile de albine de la stupina
experimentald a Institutului de Microbiologie si Biotehnologii a Universitdtii Tehnice din
Moldova. Au fost prelevate probe de albine moarte, cdte 50 de albine de la fiecare stup exa-
minat, pentru cercetdri bacteriologice. S-au studiat proprietdtile morfologice ale coloniilor
bacteriene.
Rezultate. Rezultatele obtinute demonstreazd cd la familiile de albine in perioada iernatului
predomind o microflord microbiand diversd. Rezultatele investigatiilor microscopice au con-
firmat prezenta bacteriilor E. coli cu peste 50% din numdrul formelor bacteriene, urmate de
streptococi si stafilococi cu o pondere de 30%, flora fungicd - 15% si pand la 5 % bacterii din
genul Salmonella spp.
Concluzii. Cercetdrile bacteriologice efectuate la familiile de albine dupd perioada iernatu-
luiredau tabloul bacteriocenozei persistente la familiile de albine in perioada rece a anului
si permit prognozarea riscului bolilor infectioase la albine.
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INTRODUCTION

Bees are extremely important for balancing dif-
ferent ecosystems around the globe. Due to bees,
many species of plants are pollinated in forests,
grasslands, and a multitude of eco-sys-tems; re-
sulting in the production of fruits that serve as
food for many animal species and hu-mans. At the
same time, bees produce a lot of important prod-
ucts like honey, propolis, which are beneficial for
the human health and find applications in phar-
maceuticals, cosmetics, bakeries, etc. (1, 2).

We have to think that if bees stop pollinating the
fruits and vegetables which we eat, the world
would lose a special nutritional supply for ani-
mals, and also all the elements in the chain that
are ultimately consumed by humans. There are
numerous studies that try to explain why bee
populations and honey production are declining.
However, the reason for this is not yet fully
known. It is important to mentioned that there
are a significant number of diseases, including in-
fectious (bacterial, viral, fungal, etc.). These dis-
eases are dangerous and affect both adult bees
and their brood (Salmonellosis, Collibacilosis, Vi-
ral septicemia, American and European foul-
brood, Aspergyllosis, etc.). For this reason, the
health of the bee families and the efficiency of
their activity depends on the veterinary sanitary
measures undertaken by the beekeeper in close
contact with veterinarians (3, 4, 5, 6).

Atthe moment there are programs for monitoring
and sanitary veterinary supervision of beekeep-
ing units at national level, which provide for con-
trol and surveillance measures, or eradication
measures in case of the appearance of infectious
diseases in bees (6, 7).

Considering the above, the aim of the investigati-
ons was to analyze of the impact of the micro-bial
status of bee families during the winter period.

MATERIAL AND METHODS

The research material served the bee families
from the experimental apiary of the Institute of
Microbiology and Biotechnology of the Technical
University of Moldova. After the winter period,
three common samples were taken from the ex-
amined bee families. These samples comprised
five hives selected through a random method. The
general samples being composed of dead bees

and remains from inside of the hives, for bacteri-
ological research, in order to establish the pres-
ence and diversity of the bacterial flora from dead
bees during the winter period.

For the isolation of bacterial and fungal forms
from the collected samples, were used the com-
mon, selective and special nutrient mediums as:
nutrient agar, RVS broth, XLD agar, Brilliance Sal-
monella Agar, Endo medium, Sabouraud medium.
After incubation of the culture media at the ther-
mostat (at 37+1°C), were studied the morpholog-
ical properties of the bacterial colonies that devel-
oped on the nutrient culture media. Smears were
prepared from the obtained colonies and stained
using the Gram method for microscopic investiga-
tions.

RESULTS

After examination of bee families to assess their
condition after the winter period (fig. 1), priority
was given to families with unsatisfactory physio-
logical status (reduced mobility of the bee swarm,
excessive bee mortality, diarrheal matter on the
walls of the hives and on beehives). Bee samples
for laboratory investigations were then randomly
selected according to these criteria (fig. 2).

The results of bacteriological investigations con-
firmed significant growth of bacterial colonies on
general culture media, as well as on special nutri-
ent culture media. The most intensive growth of
bacterial colonies was on the Endo medium,
where specific microbial colonies for the E. coli
bacteria genus were observed. The bacte-rial col-
onies were morphologically characterized with
spherical and oval shapes, dark - red color, having
a gloss with a metallic appearance. Colonies on
this medium (on this medium) were predominant
with the highest growth intensity across all cul-
ture media (fig. 3).

On the peptone agar medium there was a notice-
able and intense growth of colonies of Streptococ-
cus and Staphylococcus bacterial forms with a
gray-white color and spherical shapes, uniformly
placed on the entire surface of the Petri dish (fig.
4).

In the case of insemination on the Salmonella Shi-
giella Agar medium, initially were observed an
uneven discoloration of the nutrient medium fol -

°1



ONE HEALTH &

4 OH.R

RISK MANAGEMENT

VOL. 5, ISSUE 1
2024

lowed by a moderate development of Salmonella
spp. colonies on the entire surface of the Petri

Figure 1. Examination of bee hives after winter
period.

Figure 3. Colonies of E. coli on the nutrient me-
dium Endo.

Co-inoculations on Sabouraud medium showed
an intensive growth of characteristic typical mi-
croscopic fungal colonies. These colonies deve-
loped over the entire surface of the Petri dish, had
a characteristic filamentous-fluffy, with gray-

Figure 5. Colonies of Salmonella spp. on nutrient

medium SSA.

plate. These colonies exhibited a light pink color
and a wet appearance, with oval shapes (fig. 5).

Figure 2. Preparation of samples taken from bee

hives for bacteriological investigations.

Figure 4. Colonies of Streptococcus and Staphy-
lococcus on nutrient Agar.

white color and spherical shapes, placed on the
surface of the substrate, concretized in the sur-
face of the nutrient medium (fig. 6).

For the morphological-microscopic studies of mi-
crobial and fungal colonies with a typical, well-

Figure 6. Colonies of fungals on nutrient medium

Sabouraud.

|6
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devel oped morphological structure, smears were
prepared, stained according to the Gram method

Figure 7. Association of microbial forms (E. coli,
Salmonella spp., yeasts).

The microbiological study results confirmed that
bee families after the winter period have a pre-
dominant associative bacterial flora. This combi-
nation of bacterial forms includes coliform bacte-
ria from genera such as Escherichia and Salmo-
nella (fig. 7) along with an association of bacteria
from genera Streptococcus, Staphylococcus, bacil-
lary flora and some forms of fungi (fig. 8).

The results of microscopic investigations confir-
med the presence of bacteria of the genera E. coli
which represented over 50% of the number of all
bacterial forms, followed by Streptococcus and
Staphylococcus in a range of 30%, fungal flora
15%, and up to 5% forms of bacteria from the
genera Salmonella spp.

DISSCUTIONS

One of the riskiest periods for the survival of bee
families is the cold period of the year, known as
the winter season. Beekeepers should funda-
mentally prepare for the winter of bee families.
The bacterial flora through which the bee family
passes during the winter period is decisive for
their health.

Another equally important factor is the volume
and quality of food (quality honey) for winter pe-
riod. As a rule, because the winter period is often
unpredictable in duration, the food reserve
should include a surplus of 15-20% beyond the

and examined under a biological microscope with
a magnification of 10x100.

Figure 8. Association of bacterial forms (Strepto-

coccus, Staphylococcus, and Bacillus).

ordinary needs of a bee family. In addition, the
composition of the microbiocenosis of bee fami-
lies is the basic health indicator of the bee families
during the winter period. For this reason, it would
be highly recommended to take samples from the
bee families before the wintering period. This
would allow the analysis of the microbiological
risks that may persist or become important fac-
tors affecting the viability of the bee nest during
the winter period.

In the microbiological study carried out, it was
demonstrated that the bacterial flora in bee fami-
lies after the winter period is polymorphic, con-
sisting of bacterial forms from genera, Esche-
richia, Salmonella, Streptococcus and Staphylococ-
cus in combination with microscopic fungal
forms. The results obtained demonstrate that a
considerable percentage of the dead bees are the
result of the presence of conditionally pathogenic
bacterial forms that, under the action of some fa-
vorable factors, become pathogenic for some bee
families. This is exemplified by a 25-30% increase
in mortality compared to other bee families,
where the intensity of the bacterial flora is much
reduced. The data obtained suggest that periodic
monitoring of bee families and the implementa-
tion of veterinary sanitary measures would mini-
mize the incidence of risk factors favoring the in-
crease in the percentage of mortality of honey
bees during the winter period.

1
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1.

Performing the bacteriological research in bee families after the winter period would allow us to
determine the bacteriocenosis in bee families during the cold period of the year. This, in turn, enable
us to intervene with some actions to reduce the risk factors for the occurrence of some bacterial or
fungal diseases in bee families before and during the winter period.

The bacterial flora, consisting of bacillary, coccoid and fungal forms, constitutes a permanent risk
of triggering some diseases in adult bees., It also presents an increased danger for the brood of bees
that will appear during the active foraging period in the bee families.

Bacteriological monitoring of bee hives can highlight and minimize the risks of infectious diseases
in bee families. It also helps in reducing or eliminating factors that might trigger infectious diseases

in bees.

CONFLICT OF INTEREST
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and.

Introduction. The major risk factors for lung cancer include tobacco smoking and exposure
to residential radon. A comprehensive study was conducted in the Republic of Moldova to
explore the interaction of smoking and radon as triggering factors for lung cancer morbidity.
Material and methods. The study used data on tobacco smoking prevalence from the na-
tional 2021 STEPS study, lung cancer morbidity data from 2012 to 2020, and radon meas-
urements obtained through RADTRAKZ2 during 2018 and 2021. The data processing tools
employed summary statistics and cluster analysis.

Results. The distribution of high radon values, the number of smokers and the lung cancer
morbidity is uneven throughout the country. The formation of a larger cluster combining all
variables developed from the formation of two distinct clusters: 1. the incidence and preva-
lence of lung cancer, the total number of tobacco smokers, the number of male smokers, the
number of female smokers, and the number of urban smokers, 2. the radon concentration and
the number of rural smokers.

Conclusions. The study results demonstrate the leading role of tobacco smoking on morbid-
ity rate among adult population, regardless of gender across urban areas with a rather low
radon concentration. At the same time, they indicate the cumulative effect of smoking and
increased radon concentration in rural areas due to home construction features and lifestyle.

CONTRIBUTIE LA STUDIUL INTERACTIUNII ,FUMAT SI RADON” iN DEZVOLTAREA
CANCERULUI BRONHOPULMONAR iN REPUBLICA MOLDOVA

Introducere. Expunerile la fumul de tutun si la radonul rezidential reprezintd factorii de risc
major in dezvoltarea cancerului bronhopulmonar A fost efectuat un studiu care a avut in
vizor interactiunea fumat & radon ca factor declansator al morbiditdtii cancerului bronho-
pulmonar in Republica Moldova.

Material si metode. Au fost analizate datele privind prevalenta fumatului din studiul nati-
onal STEPS 2021, indicii vizdnd morbiditatea cancerului bronhopulmonar in 2012-2020 si
rezultatele mdsurdtorilor concentratiilor de radon obtinute prin detectoare RADTRAKZ in
2018-2021. Instrumentele de prelucrare a datelor au inclus statistici rezumative si analiza
clusteriand.

Rezultate. Distributia valorilor sporite de radon, a numdrului de fumdtori si a morbiditdtii
cancerului bronhopulmonar a fost neuniformd pe intreg teritoriul tdrii. Formarea unui clus-
ter mare, care combind toate variabilele, derivd prin formarea a doud alte clustere: 1. inci-
denta si prevalenta cancerului bronhopulmonar, numdrul total de fumdtori de tutun, numd-
rul de bdrbati fumdtori, numdrul de femei fumdtoare si numdrul de fumdtori din mediul ur-
ban; 2. concentratia radonului si numdrul de fumdtori din mediul rural.

Concluzii. Rezultatele studiului demonstreazd rolul principal al influentei fumatului asupra
morbiditdtii in randul populatiei adulte, indiferent de sex, intr-un mediu urban cu o concen-
tratie diminuatd de radon si, in acelasi timp, indicd asupra efectului cumulativ al fumatului
si al valorilor sporite ale concentratiei de radon in zonele rurale, din cauza caracteristicilor
de constructie ale locuintelor si a stilulului de viatd.
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INTRODUCTION

Lung cancer (LC) is the most common cancer
worldwide, as well as the most common cause of
cancer-related death in men (1). In 2020, it ran-
ked second as the most common cancer in the Re-
public of Moldova with over 726 people being dis-
eased in the same year, thus, accounting for 8.5%
of all newly diagnosed cancers in both men and
women (2). Moreover, lung cancer is the second
leading cause of death among the malig-nant tu-
mors in the country (3, 4). The major risk factor
contributing to the occurrence of LC is tobacco
smoke, responsible for approximately 80% to
90% of all cases (5). Furthermore, the gas radon
ranks among the other significant risk factors (6).

Radon (222Rn or Rn in further) is a natural noble
gas with no smell, color, or taste, produced
through the radioactive decay of uranium in the
Earth's crust. While outdoor concentrations of Rn
are generally low, they can accumulate indoors,
particularly in houses, where the general popula-
tion faces the highest exposure. Radon, being 7.5
times heavier than air, tends to concentrate in cel-
lars, basements, and ground floors of buildings.
However, cases of radon detection can also occur
on the upper floors of residential and public
buildings due to the "candle" effect. This phenom-
enon results from pressure differences between
warm and cold air, causing the gas to rise. In
homes, schools, and offices, radon levels can vary
significantly, ranging from 10 Bq/m3 to over
10,000 Bq/m3. People might unknowingly live
and work here in conditions with dangerously
high radon concentrations, posing a serious
threat to their health. Even minimal inhalation of
radon and its short-lived decay products, which
deposit in respiratory tracts and emit a-particles,
can be hazardous to human health. These parti-
cles can cause damage to target organs, particu-
larly the bronchial epithelium and tissue at the
junctions of the respiratory tracts (7). The lower
the radon concentration is in a house, the lower
the risk of lung cancer is, as there is no known
threshold below which radon exposure carries no
risk. The risk of lung cancer occurrence increases
by 16% per 100 Bq/m3 with continued exposure
to even average levels of radon concentration.
This dose-response relationship is linear, mean-
ing the risk of lung cancer proportionally in-
creases with rising radon exposure (8). According
to the World Health Organization (WHO) estima-

tes, radon causes lung cancer in 3% to 14% of all
cases, depending on the average level of radon
concentration in the country and the prevalence
of smoking (9, 10, 11). Moreover, the risk of LC
development is significantly higher in smokers
compared to non-smokers (11 - 14).

In many European countries a lot of studies of the
assessment of the lung cancer risk associated
with residential radon exposure have been con-
ducted over several decades (10,11,15-19).Itis
possible to increase the statistical power of re-
search results by combining information from
several studies, but this is very difficult to do
based on the published information. Urban areas
tend to show lower radon concentrations than ru-
ral ones because a large number of people live
high above ground in multi-storey buildings and
the bedrock under the urban localities is usually
sedimentary. Moreover, urban areas generally
have a higher prevalence of tobacco smoking
among population (10). Similar studies using
multivariable logistic regression analysis me-
thods were conducted in China (20). These stu-
dies revealed that exposure to incense smoke at
home may elevate the risk of lung cancer among
smokers, and concurrent exposure to radon may
further increase this risk. A parallel statistical
analysis in a Korean study produced results indi-
cating that both residential radon and cigarette
smoking were associated with increased odds of
lung cancer. The difference in odds ratios (ORs)
based on radon exposure was much more pro-
nounced in smokers than in non-smokers (21).

Considering that lung cancer ranks second among
total cancer morbidity and is also the second lead-
ing cause of death from malignant tumors in the
Republic of Moldova (4), with more than a quar-
ter of the adult population exposed to smoking
(22) and radon posing an increased risk factor for
public health in residential premises (23, 24), the
purpose of this study is to assess the interaction
between tobacco smoking and residential radon
exposure in relation to lung cancer morbidity in
the Republic of Moldova over the last ten years.
The research hypothesis states that the use of sta-
tistical methods is a key tool for identifying and
assessing the most vulnerable population groups
to the cumulative effects of tobacco smoking and
radon exposure as risk factors for lung cancer in
the country.
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Since the radon exposure is the second cause of
lung cancer after tobacco smoking, obtaining the
reliable relationships of their interaction is an im-
portant component in the rationale for the deve-
lopment and implementation of measures to con-
trol, mitigate and prevent the negative effect of
radon on public health in the country.

MATERIAL AND METHODS

Radon concentration data, measured in the air
of various house types (n=2500) across rural and
urban areas in the main zones of the Republic of
Moldova (North, Center, and South), between
2018-2021 by the National Agency for Public
Health of the Republic of Moldova, have been used
(25). The measurements mainly have been taken
on the ground floor, in bedrooms or in living
rooms. Long-term passive detectors, RADTRAK?2
were used for the measurements, with an expo-
sure period of 90 days. In 51% of homes, the ra-
don concentration exceeded the national/Euro-
pean standard level of 300 Bq/ma3. Given the con-
siderable variability in radon concentrations dur-
ing measurements due to various factors, it is cus-
tomary to use its arithmetic mean value in the sci-
entific research.

Morbidity data on the incidence and prevalence
of lung cancer per 100,000 of population (stan-
dardized index) disaggregated by gender, age and
urban/rural residence in 2012-2020 have been
provided by the Health Data Management Depart-

1. Proportion of population

(nr of population in every region / nr of
total population) * 100

by age, gender, residence, region

ment of the National Agency for Public Health.

One of the important issues that emerged was the
limited availability of data on number of smokers
restricted to the whole country and only from a
population study that had a limited number of in-
terviewees, which poses several challenges when
attempting to combine these data with regional
radon measurement data and the lung cancer
morbidity rates for the assessment. There-fore, a
proportional extrapolation of the data on the
number of tobacco smokers from the National
Household Survey on non-communicable di-
seases (NCD) risk factor prevalence STEPS 2021
(total number of interviewees was 4097 people,
age 18-69 y.o., both genders, urban/rural resi-
dence) has been carried out using the population
data of the National Bureau of Statistics during
this period (22, 26). The mathematical proportion
between the total population number in each age
group, gender and place of residence with the
number of the population in the same categories
by regions (rayons) has been calculated. Then,
based on these proportional links, the number of
smokers by region of the country has also been
calculated. After that, a standardized number of
smokers per 100,000 inhabitants has been calcu-
lated for further use in the study of smoking x ra-
don x lung cancer associations (fig. 1).

Methods. Proportional extrapolation calculations
were conducted within a created database in MS
Access 2010. The spatial distribution of variables

2. Nr of smokers

(proportion * nr of smokers from Na-
tional Household Survey) / 100

by age, gender, residence, region

v

3. Standardized nr of smokers
per 100 thou of population

(nr of smokers * 100 000) / nr of total
population

Figure 1. The proportional extrapolation algorithm used in the study.
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as cartograms was performed using CorelDRAW
2020. Statistical analysis was performed using
the specialized software Statgraphics Centurion
XVIII, and the statistical toolkit included sum-
mary statistics of variables, such as the mean
value, standard error, standard deviation, stan-
dardized kurtosis and asymmetry and cluster
analysis. The use of statistical tools in such stud-
ies is quite widespread, being used to obtain reli-
able results within the medical and biomedical
fields (11, 27).

RESULTS

According tothe 2021 National Household Survey
on the Prevalence of NCD Risk Factors (STEPS)
(22), in the Republic of Moldova, 29.9% of the
population are current tobacco users, with the
prevalence about seven times higher among men
(52.0%) than among women (7.7%). Smoking to-
bacco is far more common among men than
women (48.9% vs 6.3%), are while women in ur-
ban areas are almost four times more likely to be
current smokers than women in rural areas
(10.0% vs 2.4%). The data, obtained through re-
gional extrapolation, enabled us to create a spa-
tial distribution of tobacco smokers. The spatial
distribution of tobacco smokers by rayons is
shown in Figure 2, B. The highest number of
smokers is recorded in the Chisinau municipality
(more than 5700 per 100 thou), while many ray-
ons in the center of country show a fairly high
number of smokers (600-900 per 100 thou). In
the Autonomous Territorial Unit of Gagauzia the
number of smokers is also higher than the na-
tional average. Spatial distribution (fig. 2, A) of ra-
don measurements results in dwellings throu-
ghout the country demonstrates that the rayons

Residential radon concentration in 2019
(mean value), Bq/m3

QO data missing
O 150-200
© 200-250

@ 250-300

@ >300

Average - 268,9 Bq/m3

along the Dniester and Prut rivers are relatively
safe in terms of the national radon level (radon
concentration 300 Bq/ms3), ranging 150-200
Bq/ms3, while the northern, southern and south-
eastern rayons show radon concentrations over
250 Bq/ms3. Comparing the incidence and preva-
lence of lung cancer over a 10-year period (fig. 2,
C and D) reveals that almost the same areas con-
sistently indicate high values, particularly in the
north, east, and southwest of the country.

The level of the lung cancer incidence (per
100,000) varies from year to year showing the
highest rates observed in the North of the Repub-
lic of Moldova (fig.3). An analysis of lung cancer
morbidity in recent years indicates that the high-
est incidence occurred in Donduseni rayon (50.1
per 100,000 in 2018), and the maximum preva-
lence was reported in Criuleni rayon (142.8 per
100,000 in 2017). Conversely, the lowest inci-
dence and prevalence of lung cancer were regis-
tered in Cantemir rayon (8.0 per 100,000 in
2012) and Calarasi rayon (9.1 per 100,000 in
2017), respectively (28). Over the last three
years, there has been a decrease in the LC inci-
dence at the national level, and the 9-year linear
trend demonstrates a slight decrease (it de-
creases by 0.14 per 100 thousand per year). On
the other hand, lung cancer prevalence shows a
modest increase, with a tendency of 0.3 per
100,000 per year. However, a slight decrease has
been observed in the last three years, and the
southern region of the country exceeded the cen-
tral region in this parameter between 2018 and
2020. It is noteworthy that the maximum values
of lung cancer prevalence were also recorded in
the North of the country.

Total number of tobacco smokers 2021
(18-69 y.0., per 100 thou)

QO data missing
O <300

O 300-600
@ 600-900

@ >900

Average - 672,5 per 100 thou
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Incidence of lung cancer
in 2012-2020 (per 100 thou population)

O data missing
O <20

@ 20-25

@ 25-30

® >30

Average - 25,2 per 100 thou

Prevalence of lung cancer
in 2012-2020 (per 100 thou population)

QO data missing
O 20-40

O 40-60

© 60-80

® >80

Average - 53.5 per 100 thou

Figure 2. Cartograms of spatial distribution of radon concentration (A), total tobacco smokers (B), lung
cancer incidence (C) and lung cancer prevalence (D) in the Republic of Moldova.

y =-0,1387x + 25,708

40,0

R*=0,0277

30,0

20,0

10,0

BPC incidence, per 100 thou

0,0
S (‘9'3' (\9'33 & %Q'\‘? & %Q'{\ %@3’ %0\9 %@9
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w Center
South
Whole country

— Linear trend for the whole country

y =0,3277x + 49,423
2-0,1104

70,0

60,0
50,0
40,0
30,0
20,0

10,0

BPC prevalence, per100 thou

South
Whole country
— Linear trend for the whole country

Figure 3. Incidence (left) and prevalence (right) of lung cancer (LC) in the Republic of Moldova
(2012-2020) with linear trends and formulas (R? - approximation confidence value).

The descriptive-statistical analysis of the incidence
and prevalence of lung cancer in the Republic of
Moldova during the last 9 years is presented in
Table 1. The standard error which estimates how
the value of the statistic criterion changes from
one sample to another for the LC incidence was
small (~1), and it was even smaller across the
country (0.8).

The standard error of lung cancer prevalence also
indicates relatively small changes in relation to

the average value in the regions, but when consi-
dering the entire country, it was even smaller at
3.5. However, the standard deviation for lung can-
cer incidence suggests average variability in the
data (0>2), while the standard deviation for prev-
alence was large (0>19).

Average variability was further confirmed by the
coefficient of variation (CV), which shows the pro-
portion of the average spread of a random varia-

ble to the average value of this variable.
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For lung cancer incidence, this value was approx-
imately 17%, with the smallest variation rec-

orded in the northern part of the country. How-
ever, for lung cancer prevalence, the coefficient of
variation was around 40%.

Table 1. Descriptive analysis of lung cancer morbidity, averaged over 2012-2020 (per 100 thousand).

. Incidence Prevalence
Variable Whol Whol
North Center South ole North Center South ote
country country
Mean 28.6 23.4 22.5 25.0 58.3 47.4 46.7 51.1
Standard error 1.0 1.1 1.2 0.8 6.7 51 6.4 3.5
Standard devia- 3.34 3.98 3.6 4.48 23.20 18.55 19.3 20.61
tion (o)
Coefficient of va-
riation (CV), % 11.7 17.0 16.2 17.9 39.8 39.1 41.3 40.4
Minimum 22.1 19.2 17.5 17.5 32.7 20.9 26.2 209
Maximum 33.1 33.6 29.5 33.6 103.8 92.5 80.4 103.8

As shown, a direct comparison and an attempt to
explain the relationship between smoking and ra-
don with lung cancer morbidity, given the varia-
bility of these variables cannot be effectively car-
ried out. To find this relationship, a statistically
correct method was needed. The search for an ap-
propriate method for assessing these risk factors
must precede their statistical description, ena-
bling an understanding of the nature of the varia-
bles under study. Table 2 provides data from a
standard set of descriptive statistics on mean ra-
don concentration, number of smokers, and LC
morbidity in the country.

The coefficient of variation was quite high for the
number of smokers, with a difference between
the smallest and largest standard deviations ex-
ceeding 3 to 1, indicating significant heterogene-
ity. Of a particular interest are the standardized
asymmetry and a standardized kurtosis, which
can be used to determine whether the samples
come from normal distributions. Values outside
the range of -2 to +2 for tobacco smokers indicate
considerable deviations from normality. This
highlights a pronounced non-normality in the dis-
tribution of data, thereby challenging the assump-
tion that the data originate from normal distribu-
tions.

Table 2. The statistical characteristics of the variables studied in the Republic of Moldova.

Statistic parameters

Variables Me-  Standard Sta@dqrd Coeﬂ"i cient Standardized  Standardized
Average dian error deviation variation asymmetry kurtosis
(0) (CV), %

Mean average Rn concen- 261.8 262.8 9.62 56.1 21.4 1.51 1.73
tration, Bq/m3

Number of total tobacco

smokers (per 100 thou) 685.3 525.0 156.14 9104 132.8 12.89 36.52
Incidence of lung cancer  25.0 24.0 0.77 4.48 17.9 0.83 2.21
(per 100 thou)

Prevalence of lung cancer

(per 100 thou) 51.1 45.0 3.53 20.61 40.4 -1.04 0.33

Checking the normality of the distribution of the
variables using the Shapiro-Wilks and Kolmogo-
rov-Smirnov tests as statistically principal tools
for this purpose (tab. 3), revealed that only the to-
tal number of smokers deviates from a normal
distribution (criterion p<0.05) with a confidence

level of 95%. Conversely, the remaining indi-ca-
tors exhibit a significance value of=0.05, affirming
that these variables conform to a normal distribu-
tion. This analysis shows the heterogeneity of the
variables, requiring the use of appropriate tools
to investigate their subsequent interactions.
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Table 3. Parameters used to test the normality of the distribution of the studied variables.

Variables

Shapiro-Wilks

p - criterion p - criterion

Kolmogorov-Smirnov

Mean average Rn concentration, Bq/m3 0.169 0.746
Number of total tobacco smokers (per 100 3.37173E-11 0.000198146
thou)

Incidence of lung cancer (per 100 thou) 0.176424 0.64719
Prevalence of lung cancer (per 100 thou) 0.0220654 0.509546

To select an appropriate estimator for capturing
the heterogeneity of variables, a multivariate
analysis was conducted using the calculation of
various statistics. The most appropriate method
for this task, cluster analysis (a multivariate me-
thod), was employed, and the results are pre-
sented in Figure 4. Cluster analysis can be used as
a tool for qualitatively assessing data that differs
in nature but presumably has mutual associations
a priori. For example, in our case, radon and
smoking are considered trigger factors for the oc-
currence of lung cancer.

Euclidean Distance
0 03 06 09 1,2 1,5 18

T T T T T T T

Nr of total smokers

Nr of female smokers

Nr of male smokers
Nr of urban smokers

_©

Lung cancer incidence

Lung cancer prevalence

Nr of rural smokers

Rn concentration

1 1 1 1 1 1 1

Figure 4. Dendrogram of the cluster analysis of
the prevalence and incidence of lung cancer, the
number of smokers and the concentration of ra-

don in the Republic of Moldova.

A clustered multifactorial analysis was conducted
to determine the Euclidean distances of the inter-
actions among the studied parameters. The pro-
cess began with the formation of a higher clus-ter
(Euclidean Distance = 1.8), combining all varia-
bles, followed by the formation of two clusters
with the smallest distances between variables, in-
dicating their similarity: 1. The lung cancer inci-

dence, the lung cancer prevalence, the number of
total tobacco smokers, the number of male smok-
ers, the number of female smokers and the num-
ber of urban smokers (Euclidean Distance = 1.1),
2. The radon concentration and the number of ru-
ral smokers (Euclidean Distance = 1.6).

DISCUSSIONS

The exposure to the residential radon is sus-
pected to be a risk factor for lung cancer develop-
ment, in addition to tobacco smoking, the carcino-
genic potential of which is firmly established by
more than three decades of evidence (12, 16, 29,
30, 31). So far, few studies have focused on the
joint effect of tobacco smoking and residential ra-
don on the occurrence of lung cancer. Only in the
last 10 years, such studies have become more
widespread due to the large amount of accumu-
lated data and increased attention from the scien-
tific community and public health bodies. A vast
majority of these studies are based on case-con-
trol methods (32), with only a few being purely
statistical and using multivariable logistic regres-
sion (20, 21). For example, in Slovenia, three data
sources were recently associated at the level of
settlements: lung cancer patients, residents, and
the radon map of Slovenia (33). Analyzed using
spatial smoothing models with Bayesian hierar-
chical models, it was found that about 60 people
develop lung cancer every year due to radon ex-
posure in the living environment, representing
5% of all individuals who develop this disease. An
analysis of relative risk by gender showed that in
Slovenia, an increased relative risk of lung cancer
occurs in areas with higher radon exposure,
mainly in men rather than in women. However,
the lack of quantitative data on smoking in the
statistical study limits its comprehensiveness, as
it does not provide a complete assessment of the
synergistic effect of smoking and radon in the de-
velopment of lung cancer.

Alimited number of statistical studies is primarily
explained by the availability and accessibility of
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suitable data for such research across various cat-
egories, such as measuring radon concentration,
tobacco smoking statistics, and lung cancer mor-
bidity. Secondly, there are significant financial,
human, and time costs associated with conduct-
ing such studies. While the results of case-control
studies provide a closer understanding of the
pathophysiological features of the radon-smok-
ing-cancer interaction at the individual level,
however, they have limitations in the regional and
population aspects. Paradoxically, the statistical
description of these associations at the regional
and national levels serves more as a qualitative
assessment than a quantitative one, which allows
public health services to obtain an overall per-
spective on the public health problem, enabling
them to adjust their policies to reduce the burden
of diseases caused by tobacco smoking and natu-
ral ionizing radiation (6, 12).

Based on these considerations, this study at-
tempts to statistically assess the association be-
tween lung cancer morbidity across the Republic
of Moldova and both tobacco smoking and resi-
dential radon concentration. The distribution of
high radon values, the number of smokers, and
lung cancer morbidity is uneven throughout the
country and does not always coincide, making it
challenging to quantify the superposition of their
interaction and the distribution of variables. Ad-

CONCLUSIONS

ditionally, it is essential to provide a numerical ex-
pression of the number of tobacco smokers for
statistical processing and analysis in this study,
although the statistical extrapolation can be con-
sidered not as a quantitative but rather a qualita-
tive assessment of the total number of smokers
due to the uncertainties in the representativeness
of the available data. In turn, this implies a quali-
tative assessment of the study results rather than
a quantitative one. The use of statistical tools for
the analysis of input data confirmed a heteroge-
neous variability of the variables and facilitated
the selection of an appropriate assessment
method. So far, cluster analysis of heterogeneous
data has assisted in identifying arguments for the
smoking-radon-cancer interaction. Formatted
clusters, demonstrating the smallest Euclidean
distances between risk factors and lung cancer
morbidity, highlight the predominant role of to-
bacco smoking in the morbidity among the adult
population, regardless of gender, in urban envi-
ronments with relatively low radon concen-tra-
tions. At the same time, these clusters indicate the
interaction effect of smoking and increased radon
concentration in rural areas, due to the construc-
tion features of houses and lifestyle (construction
material, the presence of basements, living in one-
story houses, etc.), aligning well with interna-
tional studies (16, 21, 34).

1. To conclude, tobacco smoking remains a major public health problem worldwide as a major car-
cinogenic risk factor for radon-induced lung cancer. The combined concern of radon and smoking
interaction presents a challenge for scientific research in this area. This analysis reveals a radon
and tobacco smoking in the incidence and prevalence of lung cancer, manifesting in area-specific
characteristics, i.e. abiotic and geogenic factors. The use of cluster analysis has allowed us to qual-
itatively assess the interaction of these factors on a regional scale. The association between to-
bacco smoking, radon and lung cancer morbidity has been confirmed nationwide through statis-

tical analysis tools.

2. The availability of reliable results of such an assessment is an unconditional basis for developing
and adopting appropriate preventive measures at all levels of the public health system and the
health system as a whole. It is only natural that costly remedial actions to reduce indoor radon
exposure should be based on a scientific risk assessment. Thus, there is a need in providing the
strategic guidance on the synergistic approach to radon and tobacco control. This leads us to an
important policy statement: reducing tobacco smoking among the population is the most cost-
effective strategy for reducing the public health burden of radon exposure.
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Keywords:  profes- Introduction. The COVID-19 pandemic has created favorable conditions for the onset and

sional burnout syn- exacerbation of burnout syndrome. The aim of the research was to assess the degree of im-

drome, mid-level med- pact of burnout syndrome on mid-level medical staff during the pandemic period, as well as

ical personnel, COVID- its determinants.

19 infection. Material and methods. The research was based on a selective descriptive, quantitative
study conducted from November 2022 to March 2023. The quantitative component involved
surveying a sample of 463 nurses and midwives involved in providing medical care to COVID -
19 positive patients.

Results. The results indicate that burnout syndrome during the pandemic period affected
100% of mid-level medical personnel who provided medical care to COVID-19 patients. The
most pronounced dimension of burnout syndrome was psycho-emotional exhaustion, at
29.2%. Younger age and shorter work experience were more affected among mid-level med-
ical personnel. Medical staff in republican, departmental, and municipal medical institutions
were more dffected than those in district institutions.

Conclusions. Burnout syndrome was detected in all medical workers involved in healthcare
delivery, predominantly manifesting itself through psycho-emotional exhaustion, with vary-
ing degrees of intensity among different categories of medical personnel.

Cuvinte-cheie: ASPECTE PRIVIND AFECTAREA PRIN ARDERE PROFESIONALA A LUCRATORILOR MEDI-
sindromul de ardere CALI CUSTUDII MEDII DIN REPUBLICA MOLDOVA IN PERIOADA PANDEMICA
profesionald, personal Introducere. Pandemia COVID-19 a creat conditii propice pentru instalarea si accentuarea
medical mediu, infec- sindromului burnout. Scopul cercetdrii a fost de a evalua gradul de afectare prin sindromul
tia COVID-19. de ardere profesionald a personalului medical mediu in perioada pandemicd, precum si
factorii determinanti ai acestuia.
Material si metode. Cercetarea prezentd a constat in studiul de tip selectiv descriptiv,
cantitativ, efectuat in perioada noiembrie 2022 - martie 2023. Componenta cantitativd a
implicat chestionarea unui esantion de 463 de asistenti medicali si moase implicate in
acordarea asistentei medicale pacientilor cu COVID-19.
Rezultate. Rezultatele aratd cd sindromul de ardere profesionald in perioada pandemicd a
afectat 100% din personalul medical mediu care a acordat asistentd medicald pacientilor cu
COVID-19. Dimensiunea cea mai exprimatd a sindromului burnout a fost epuizarea psiho-
emotionald, in 29,2%. Cel mai afectat a fost personalul medical mediu de vdrstd tdndrd si cu
stagiu de muncd mic. Personalul medical din institutiile medicale republicane,
departamentale si municipale au fost mai afectati decdt cei din institutiile raionale.
Concluzii. Sindromul de ardere profesionald a fost depistat la toti lucrdtorii medicali
implicati in actul medical, exprimdndu-se, in special, prin epuizare psiho-emotionald, diversd
dupd intensitate, in diferite categorii de personal medical.
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INTRODUCTION

Burnout syndrome (BOS) is one of the many is-
sues facing modern society, arising from one's
professional life and work environment, with im-
mediate consequences on professional activities
as well as the health of those who perform that
work (1).

Burnout syndrome was initially described specif-
ically in relation to medical activity. In 1981,
Maslach and Jackson proposed a multi-dimen-
sional approach to burnout, defining it as “a syn-
drome of emotional exhaustion, depersonaliza-
tion, and reduced personal accomplishment” (2).
Emotional exhaustion represents a state of psy-
cho-emotional fatigue resulting from mental
overload, an inadequate perception of one’s own
emotions, and indifference. Reduced personal ac-
complishment signifies a tendency towards nega-
tive self-assessment of personal achievements,
abilities, and success. Depersonalization is a
symptom characterized by the loss of self-aware-
ness due to psychological exhaustion, a disrup-
tion in relationships with others (1).

An essential stress factor for the population, espe-
cially for the healthcare system, has been the
COVID-19 pandemic. To date, the virus has af-
fected approximately 761 million people and con-
tinues to evolve, generating new strains and new
victims. Humanity is approaching the tragic mile-
stone of around 6.8 million deaths caused by
COVID-19 infection on a global scale (3).

Although the pandemic lasted for approximately
two years, the subject of burnout among health-
care professionals due to burnout syndrome has
become very attractive to various authors. A
meta-analysis and systematic review of 148 stud-
ies with a sample of 154,194 healthcare workers
conducted in Asia from the beginning of the pan-
demic until March 15, 2021, found burnout syn-
drome in 68.3% of the respondents. The preva-
lence among nursing staff was 50% higher than
among doctors (4).

The study of the impact of burnout on medical
nurses through its three dimensions has sparked
interest. Galvanis P. et al., in 2021, conducted a
systematic review (following Cochrane criteria)
of sixteen studies thatincluded 18,935 nurses. Ac-
cording to this review, the global prevalence of
emotional exhaustion was 34.1%; depersonaliza-
tion - 12.6%, and reduced personal accomplish-

ment was 15.2%. The main risk factors that in-
creased burnout among nurses were young age,
low social support, increased perceived threat of
contracting the SARS-CoV-2 virus, extended
working hours in quarantine areas, working in
hospitals with inadequate and insufficient mate-
rial and human resources, increased workload,
and lower levels of training regarding COVID-19

(5).

Nurses are facing unprecedented damages due to
the COVID-19 pandemic. A survey conducted by
AMN Healthcare (a staffing agency in the USA)
found that nurses surveyed experienced signifi-
cantly elevated levels of stress, exhaustion, and
other challenges, leading nearly 1 million nurses
to consider the possibility of leaving the medical
profession (6).

In the Republic of Moldova, the impact of burnout
syndrome on mid-level medical staff was studied
in 2015, where an impact of 60.6% was identified,
in the absence of pandemic conditions (1).

The aim of the research is to assess the level of im-
pact of burnout syndrome on mid-level medical
workers in COVID-19 profile departments in the
Republic of Moldova during the pandemic period,
as well as to identify predisposing factors of burn-
out syndrome.

MATERIAL AND METHODS

The research in question represents a cross-sec-
tional, selective, descriptive study conducted
through questionnaire surveys of a representa-
tive sample of 413 mid-level nurses (calculated
from the total number of nurses practicing in the
country - 15,811 individuals) who worked in
COVID-19 departments during the pandemic,
providing direct medical care to COVID-19 posi-
tive patients. The exclusion criterion was refusal
to participate in the study. The questionnaire was
developed for the purposes of the study, taking
into account scientific standards and interna-
tional study data. The questionnaire structure
consists of 41 items divided into three parts, in-
cluding: Socio-demographic data; Maslach Scale
(Burnout Inventory) (7) with 25 items structured
into 3 dimensions of BOS (emotional exhaustion,
depersonalization, derealization); Opinions on
BOS factors in COVID-19.

In distributing the questionnaires, consideration
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was given to the level of the institution, geogra-
phical distribution, and willingness to participate
in the study. To ensure the representativeness of
the sample, only nurses who worked in COVID-19
departments and provided medical care to
COVID-19 infected patients were selected. A total
of 600 questionnaires were distributed across 9
medical institutions: one republican, one depart-
mental, 3 municipal institutions, and 4 district in-
stitutions, including 3 level 2 institutions and one
level 1 institution. The questionnaires were ad-
ministered anonymously, being self-adminis-
tered, and a total of 495 questionnaires were re-
turned, of which 463 were validated. Data collec-
tion took place from November 2022 to March
2023, with an unrestricted timeframe for the ob-
served pandemic period. Data analysis was con-
ducted using Excel.

RESULTS

Within the study, following the application of the
Maslach Scale, it was found that 100% of the re-
spondents were affected by burnout syndrome.
The lowest recorded score was 27 points (the
minimum score of the Scale being 25 points), with
two such questionnaires, and the highest score
was 112 points (the maximum score of the Scale
being 125 points). The healthcare staff was af-
fected by burnout syndrome differently (mini-
mal, moderate, or high): the majority of respond-
ents reported a moderate level of impact (58%);
lightly affected individuals accounted for 26% of
respondents; and 16% reported a high level of
burnout (fig. 1).

4 )
B Minimal impact
level
B Moderate
impact level
High impact
level
- J

Figure 1. Impact of burnout syndrome on mid-
level medical personnel.

With regard to the three characteristics of the
syndrome - emotional exhaustion, depersonali-
zation, and reduced personal accomplishment - a
high impact level was reported by respondents as

follows: 29.2% for emotional exhaustion, only
6.8% for depersonalization, and 7.8% for reduced
personal accomplishment. The respondents’ mod-
erate impact level on the dimensions of BOS is as
follows: 60.9% - reduced personal accom-plish-
ment; 50.5% - emotional exhaustion; 22.4% - de-
personalization. For the low impact level, the di-
mension of depersonalization was reported in the
highest proportion (70.8%) (fig. 2).
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Figure 2. Impact on mid-level personnel through
the dimensions of burnout syndrome (%).

High-level burnout syndrome impact by cate-
gories. Given that the high impact level through
burnout syndrome poses the greatest risks to the
health of individuals and the quality of services
they provide, our study aimed to investigate the
connection between high level burnout syndrome
impact and certain socio-demographic character-
istics of the respondents, such as age, years of
work experience, duration of work in COVID-19
departments, institutional level, isolation from
loved ones, and experiencing COVID-19 infection.

Thus, a high impact level due to burnout syn-
drome was reported by respondents in the age
group of up to 25 years (19.6%), while those least
affected were respondents in the 55 years and
older age group (12.1%). According to the pre-
sented data, younger respondents appear to be
more vulnerable, while older respondents seem
to be more resistant (p<0.001) (t-test Paired Two
sample for Means in Excel). Regarding psycho-
emotional exhaustion, a higher impact level is re-
ported by mid-level medical personnel in the age
group up to 25 years (34.8%), while a lower pro-
portion (21%) is reported by those aged 55 years
and older. Therefore, psycho-emotional exhaus-
tion is inversely proportional to the age of the re-
spondents (p<0.001).
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Regarding work experience, it was determined
that those with up to 5 years of experience are af-
fected at a high level by burnout syndrome in
21.13% of cases, while those with over 30 years
of experience are affected in only 13.3% of cases
(p<0.001). The same trend continues for the com-
ponent of psycho-emotional exhaustion of burn-
out syndrome: healthcare personnel with up to 5
years of experience are assessed as having a high
impact level in 38% of cases, whereas those with
over 30 years of experience are affected in only
15.5% of cases (p<0.001).

According to the obtained data, there is a correla-
tion between the duration of work in COVID-19
departments and the level of burnout syndrome
impact. Thus, individuals who worked in COVID-
19 departments for up to 3 months experienced a
high level of burnout in only 5.6% of cases, while
those who worked for 12 months or more were
strongly affected in 18.8% of cases (p<0.001). The
level of psycho-emotional exhaustion is also de-
pendent on the duration of work in COVID-19 de-
partments, being directly proportional to the time
spent in these sections. Therefore, among individ-
uals who provided medical care to COVID-19 pos-
itive patients for up to 3 months, a high impact
level was observed in only 11.1% of cases,
whereas for those who worked for more than 12
months in COVID-19 departments, a high level of
psycho-emotional exhaustion was observed in
33.2% of cases (p<0.001).

An aspect studied in the research was the level of
impact on personnel depending on the type of in-
stitution. Correspondingly, a high impact level due
to burnout syndrome was reported to a greater
extent by mid-level medical personnel in depart-
mental institutions (27%), presumably because
COVID-19 patients were still being treated there
at the time of the study. This was followed by a
consecutive decrease in the proportion of those
affected as follows: republican institutions
(16.8%), municipal institutions (17.2%), and dis-
trict institutions (10.5%) (p<0.001). High level
psycho-emotional impact was reported by per-
sonnel in institutions located in the city of Chis-
inau, specifically at 43.2% in departmental insti-
tutions, 40.8% in municipal institutions, 39.6% in
republican institutions, and 14% in district insti-
tutions. These differences could be explained by
the complexity of cases and the duration of
providing medical care to COVID-19 patients in
the mentioned institutions (p<0.001).

Considering that many of the mid-level medical
personnel who provided medical care to COVID-
19 patients spent a significant amount of time in
isolation, we aimed to study the influence of iso-
lation on the level of burnout syndrome im-pact.
Accordingly, we found that those who did not ad-
here to the isolation regimen were affected at a
slightly higher, but not statistically significant,
proportion of a high degree - 16.6% versus 15.4%
(p<0.001) - with a slight upward trend for psy-
cho-emotional exhaustion, which affected a
greater proportion of those who adhered to the
isolation regimen (31.6%) compared to those
who did not adhere (26%) (p<0.001).

We also investigated the impactlevel due to burn-
out syndrome depending on experiencing COVID-
19 infection. Among mid-level medical personnel
who experienced COVID-19 infection, a higher de-
gree of impact was assessed in a greater propor-
tion than among medical personnel who did not
experience the infection: 17.6% versus 11.3%
(p<0.001). Accordingly, 31.8% of those who expe-
rienced COVID-19 infection reported an advanced
level of psycho-emotional exhaustion, compared
to 23.3% of those who were never infected with
COVID-19 (p<0.001).

Influencing factors related to burnout syn-
drome. In the study, the respondents’ opinions
regarding factors that could prevent or facilitate
burnout syndrome were evaluated, placed in the
multiple-choice questions of the questionnaire.
According to the respondents’ opinions, several
factors could have contributed to reducing or pre-
venting burnout during the COVID-19 pandemic,
including: support from superiors and colleagues
(19.9%); support from loved ones (19.2%); a suit-
able work schedule (18.8%); sufficient human re-
sources (18.2%); adequate professional training
(12%); and better information about the disease
in question (11.2%) (fig. 3).

In the respondents’ view, the most important fac-
tor that could have led to the onset of burnout
syndrome is the increased risk of infection at
21%, followed by the difficulty of cases and the
work environment at 18.7%, and the extended
work schedule at 18.4%. Relationships with col-
leagues could have caused burnout syndrome in
11%, self-isolation in 10%, and the relationship
with superiors and patients in less than 10% (fig.
4).
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Figure 3. Factors that could have reduced the onset of burnout syndrome (%).
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Figure 4. Factors that could have led to the onset of burnout syndrome (%).

To overcome burnout syndrome, 181 individuals
reported that they needed external help. The
main sources of requesting help were respond-
ents’ families in 125 cases, help from superiors
was requested by 99 individuals, and help from
colleagues was sought by 96 individuals.

DISCUSSIONS

The results of the conducted study emphasize the
influence of the COVID-19 pandemic as a predic-
tive factor in the onset of burnout syndrome
among mid-level medical personnel. The onset of
BOS is a gradual process and occurs in the pres-
ence of persistent stress factors. During the pan-
demic, medical staff were constantly exposed to
stress, which is why burnout syndrome was con-
tinuously increasing. Teo 1. and the team of au-
thors studied changes in medical personnel re-
garding stress, anxiety, and workplace exhaustion
over six months of the pandemic and found that
the number of individuals reporting workplace
stress and exhaustion increased by approxi-
mately 1.0-1.2% monthly (8).

The 100% impact on mid-level medical personnel
in the study could thus represent the cumulative
effect of the two years of the pandemic (the study
data were obtained in the final phase of the
COVID-19 pandemic). Psycho-emotional exhaust-
tion represents the dimension of burnout syn-
drome with the highest prevalence for high im-
pact level, as reported by other studies, such as
the one conducted by Galanis P. and the team of
authors (5).

In the study, we found that a range of factors are
associated with a high level of burnout, including:
young age and short work experience, extended
work duration in COVID-19 sections/units, expo-
sure to COVID-19 infection, and self-isolation.
Among the risk factors mentioned by respond-
ents, the top three are: the risk of infection, the
difficulty of treated cases, and extended working
hours. Among the preventive factors for BOS were
mentioned: family support, support from superi-
ors, a balanced work schedule, and sufficient re-
sources. Similar results have been obtained in
other studies. Galanis P. points out that the main
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risk factors that increased nurses’ exhaustion in-
cluded the following: young age, perceived threat
of SARS-CoV-2 infection, extended working hours
in quarantine zones, working in hospitals with in-
adequate and insufficient material and human re-
sources, increased workload, and lower level of
training regarding COVID-19 (5). In 2021, Zhang
Y. reported the importance of age and work expe-
rience as triggering factors for burnout during the
pandemic: participants of a younger age experi-
ence greater emotional exhaustion and fewer per-
sonal achievements, which is derived from a lack

CONCLUSIONS

of experience, adaptation, and stress resilience.
Burnout was observed in 78.5% of cases in the
emotional exhaustion subscale (9). Teo 1. men-
tions that long working hours were associated
with a higher likelihood of developing burnout
syndrome, while teamwork and a sense of appre-
ciation at the workplace from superiors and col-
leagues were associated with lower chances of
stress, anxiety, and workplace exhaustion (8).
Thus, burnout syndrome manifested similarly in
different countries.

1. Burnout syndrome was reported by the surveyed mid-level medical staff at a rate of 100%, and
the most impactful dimension of the syndrome was psycho-emotional exhaustion, affecting the
mid-level staff at high (29.2%) and moderate (50.5%) levels.

2. The severity of BOS varies depending on a range of factors, including the young age of medical
staff, short work experience, prolonged time spent in COVID-19 units, and the level of the insti-

tution, etc.

3. According to the respondents’ opinion, an adequate work schedule and sufficient human re-
sources can prevent burnout syndrome, while the fear of infection, the complexity of cases, and
a stressful work environment, as well as extended working hours, can contribute to its onset.
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Introduction. Excessive and inappropriate antibiotic (AB) consumption is associated with
the development of antibiotic resistance (AR). Insufficient knowledge and irrational practices
in the use of AB for acute respiratory infections (ARI) by patients contribute to the develop-
ment of AR. Aim: to assess the knowledge and practices of AB use in patients with ARl in order
to identify educational needs.

Material and methods. The study included 393 patients with AR The standardized Happy
Audit-2 questionnaire was applied. Complaints, the frequency of ARI occurrence, adminis-
tered AB treatment, AB acquisition method, AB compliance, knowledge about AB, and AB
resistance were assessed.

Results. AB were used by 40.3% of the patients. Antibiotic treatment was recommended by
a doctor in 87.6% of cases, taken independently by 5.6%, recommended by a pharmacist in
5.0%, and recommended by relatives in 1.9% of cases. AB were obtained without a prescrip-
tion in 6.3% of cases, and household reserves were used in 20.8% of cases. Patients were com-
pliant with antibiotic treatment in 89.7% of cases but 10.3% of respondents did not adhere
to the prescribed duration/dosage. 26.7% of respondents believed that AB were effective
against viral infections, and 13.8% believed they were harmless to the human body. In 24.1%
of cases, respondents were unaware of the adverse effects of AB, including the development
of bacterial resistance in 29.7% of cases.

Conclusions. Insufficient knowledge about the effects of antibiotics and irrational usage
practices, including self-medication, emphasize the need for strengthening awareness and
education measures for potential antibiotic users.

CUNOSTINTE SI PRACTICI DE UTILIZARE A ANTIBIOTICELOR DE CATRE PACIENTII CU
INFECTII RESPIRATORII ACUTE

Introducere. Consumul excesiv si inadecvat de antibiotice (AB) este asociat cu dezvoltarea
rezistentei la antibiotice (RAB). Cunostintele insuficiente si practicile irationale de utilizare
AB in infectii respiratorii acute (IRA) de cdtre pacienti contribuie la dezvoltarea RAB. Scopul
lucrdrii este de a evalua cunostintele si practicile de utilizare a AB la pacientii cu IRA, in
scopul identificdrii necesitdtilor educationale.

Material si metode. Studiul a inclus 393 de pacienti cu IRA. S-a aplicat chestionarul stand-
ardizat Happy Audit-2. Au fost evaluate acuzele, frecventa suportdrii IRA, tratamentul AB
aplicat, modul achizitiondrii AB, complianta la AB, cunostintele despre AB si a rezistentei la
AB.

Rezultate. S-au tratat cu AB - 40,3% de pacienti. Tratamentul AB a fost recomandat de
medic in 87,6% de cazuri, luat de sine stdtdtor - de 5,6%, recomandat de farmacist - 5,0%,
la recomandarea rudelor - 1,9% de cazuri. S-au procurat AB fdrd retetd in 6,3% de cazuri, s-
au utilizat AB din rezervele casnice in 20,8% de cazuri. Au fost complianti la tratamentul AB
-89,7%, dar nu au respectat durata/doza - 10,3% de respondenti. Au considerat cd AB sunt
eficace in infectiile virale - 26,7% si inofensive pentru organismul uman - 13,8% de re-
spondenti. In 24,1% de cazuri, respondentii nu cunosteau despre efectele adverse ale AB, in-
clusiv despre dezvoltarea rezistentei bacteriene in 29,7% de cazuri.

Concluzii. Cunostintele insuficiente despre efectul AB si a practicelor irationale de utilizare,
practicarea automedicatiei impune necesitatea fortificdrii mdsurilor de constientizare si
educare a potentialilor utilizatori de AB.
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INTRODUCTION

Incorrect use of antibacterial preparations is rec-
ognized as a major cause of antibiotic resistance
development (1, 2). The determinants of irra-
tional antibiotic use relate to knowledge about ra-
tional use and the phenomenon of bacterial re-
sistance in the general population (3). Incorrect
behaviors and concepts regarding antibiotic use
are observed in both developed and developing
countries, where the general popular-tion, for the
most part, has insufficient knowledge about anti-
biotics and a mistaken perception of their impact
on bacterial resistance development (4). Over the
decades, there has been no significant trend to-
wards reducing irrational use and improving an-
tibiotic use behaviors (5).

Self-medication with AB is widespread and varies
in different communities, often associated with
their inappropriate consumption (6). On one
hand, self-medication can offer some benefits to
individuals and healthcare systems by saving pa-
tient and physician time and reducing work ab-
senteeism. On the other hand, self-medication is a
practice that contributes to the increase in bacte-
rial resistance (7).

Antibiotic resistance can be reduced through the
systematic amplification of knowledge about ra-
tional use and the associated risks of irrational
use of AB (8).

Aim: the conducted study assessed the knowledge
and practices of antibiotic use by patients with
acute respiratory infections (ARIs) in Chisinau,
with the aim of identifying the needs for appropri-
ate educational measures.

MATERIAL AND METHODS

Within the study, 393 patients from Chisinau,
originating from various public medical-sanitary
institutions (IMSP), who displayed signs of ARI at
the time of seeking medical assistance, were in-
cluded. Patients were selected by their own fam-
ily physicians (FP), and after informed consent
was obtained, they were enrolled in the study.
The doctors who recruited the patients partici-
pated in the study’s component on antibiotic use
practices in ARI and also provided their consent
to participate, which was prepared for FP. The
standardized Happy Audit-2 questionnaire for
patients with ARI, proposed by the Baltic coun-
tries’ collaboration network (BARN) (9), was ad-

ministered. Recruited patients were assisted in
completing the questionnaire by their family doc-
tors. The study period spanned from September
2016 to March 2018. Inclusion criteria: age >18
years, resident of Chisinau, patients with signs of
ARI at the time of visiting the family physician
(FP), frequent ARI (more than 3 episodes in the
previous year), absence of mental disorders. Ex-
clusion criteria: age <18 years, absence of ARI at
the time of recruitment, residents from other lo-
calities, fewer than 3 episodes of cold in the pre-
vious year, presence of mental disorders. Ana-
lyzed indicators: age, gender, education, fre-
quency of ARI suffered in the previous year, main
complaints at the time of seeking medical help,
day of illness, seeking information from other
sources before visiting the FP, time since the last
cold, method of treatment with or without AB ad-
ministration, access to the FP’s consultation dur-
ing the cold, trust in the FP for postponing AB use,
adherence to the AB dosage and duration, pro-
curement of AB based on prescription, and
knowledge about the effect of antibiotics on bac-
teria, viruses, and the development of bacterial
resistance.

RESULTS

The studied sample included: women - 71.3%,
men - 28.7%; average age - 34.2+18.1 years; with
higher education - 50.4%, secondary education -
44.2%, incomplete secondary education - 5.4% of
respondents.

In the section on reported symptoms leading to
seeking medical attention, the following predom-
inated: cough - 81.7% (321/393), sore throat -
74.3% (292/393), general weakness - 66.7%
(262/393), runny nose - 62.6% (246/393), head-
ache - 539% (212/393), fever - 52.2%
(217/393). Less frequent were: loss of appetite -
32.3% (127/393), chest pain - 21.1%, sleep dis-
orders - 21.6%, pain in paranasal regions -
10.2%, ear pain - 10.7%, others - 2.5% (tab. 1).

Access to primary healthcare in case of ARI con-
stituted 44.2% (173/391), while 55.8%
(218/391) self-treated. The time of seeking pri-
mary care was as follows: within the first 3 days
of illness - 76.3% (113/148) of patients; on the
4th-6th day of illness - 23.0% (34/148), after 6
days - 0.7% (1/148). Sources of information be-
fore- consulting -the- family -doctor- were: the in-
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ternet - 36.8% (42/114), another doctor - 31.6%
(36/114), a relative/neighbour 25.4%
(29/114), medical books - 6.1% (7/114) of pa-
tients (fig. 1). In 12.9% (50/387) of cases, pa-
tients encountered difficulties in scheduling ap-
pointments with their family doctor. In cases

where patients could not get an appointment for
consultation, they resorted to the following prac-
tices: self-medication - 34.3% (135/393), con-
sulting another doctor - 40.2% (158/393), con-
sulting a pharmacist - 25.7% (101/393) (fig. 2).

Table 1. Common clinical signs of patients with ARI at the time of seeking medical attention.

Clinical signs Number of cases Frequency of clinical signs in
g (total 393) patients with ARI (%)
Cough 321 81.7%
Sore throat 292 74.3%
General weakness 262 66.7%
Runny nose 246 62.6%
Headache 212 53.9%
Fever 217 52.2%
Loss of appetite 127 32.3%
Sleep disorders 85 21.6%
Chest pain 87 21.1%
Ear pain 42 10.7%
Pain in paranasal regions 40 10.2%
Others 10 2.5%
4 )
Internet 42,0
Another doctor 31,0
A relative/Neighbor 26,4
Medical books 6,9
Y 0% 500% 1000% 1500% 2000% 2500% 3000% 3500% 4000% 4500%)
Figure 1. Sources of information for patients with ARI before consulting the family doctor
4 )
Consulting another doctor 40,2%
Self-medication 34,3%
Consulting a pharmacist 25,7%
\_ 0% 10% 20% 30% 40% 50% Y,

Figure 2. Practices of patients with ARI in the case of unsuccessful scheduling of a consultation with
the family doctor
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Out of a total of 389 respondents, 70.7% (275/
389) consulted their family doctor before starting
antibiotic treatment, while 19.5% (76/389) did
not consult. Additionally, 9.8% (38/389) of re-
spondents who frequently experienced respira-
tory infections occasionally consulted their family
doctor regarding this decision (fig. 3).

4 A
e 70,7%
A 19,5%
Occasionally 9,8%
Y 0% 20% 40% 60% 80% ° )

Figure 3. Proportion of patients with ARI who
consult a doctor before antibiotic treatment

Out of a total of 388 cases, 79.4% (308/388) had
an acute respiratory infection (ARI) in the last 6
months. Among these, 13.1% (51/388) had an
ARI two to three weeks ago, 27.8% (108/388)
had it one to two months ago, and 31.4%
(122/388) had it three to four months ago. Acute
respiratory infections older than 6 months were

reported by 20.6% (80/388) of respondents. An-
tibiotic treatment was recommended by a doctor
in 87.6% (141/161) of cases. In other situations,
respondents resorted to self-medication with an-
tibiotics: 5.6% (9/161) of them took antibiotics
based on previous medical recommendations,
5.0% (8/161) received suggestions from a phar-
macist, and in 1.9% (3/161) of cases, self-medica-
tion was influenced by relatives (fig. 4).

4 )
By a doctor 87,6%
Independently 5,6%
By a pharmacist 5,0%
By relatives 1,9%
\_ 0% 20% 40% 60% 80% 100%)

Figure 4. Sources of antibiotic recommendations
in ARI

The antibiotics administered were purchased
with a prescription in 87.9% (335/381) of cases,
butin 6.3% (24/381) of cases, they were obtained
without a prescription, and 5.8% (22/381) of re-
spondents mentioned that they sometimes pro-
cure antibiotics with a prescription (fig. 5).

4 )
With a prescription 87,9%
Without a prescription 6,3%
Sometimes with a prescription 5,8%
0, 0, 0, 0, 0,
_ 0,0% 20,0% 40,0% 60,0% 80,0% )

Figure 5. Ways of acquiring AB in ARI

Among patients who took antibiotics without a
prescription, 20.8% (81/389) indicated that
these came from household reserves. They
started taking antibiotics in the first 3 days of ill-
ness - 18.5% (15/81) of respondents, while
81.5% (66/81) began administration after 3 days
from the onset of acute respiratory infection.

Patient trust in the family doctor influences the
choice of antibiotic treatment for ARI. In 84.1%
(328/390) of cases, respondents mentioned that
they trust their family doctor when they postpone
antibiotic treatment, while 6.2% (24/390) do not
trust, and 9.7% (38/390) have doubts. In 31.5%

(124/393) of cases, patients requested labora-
tory tests before deciding to start antibiotic treat-
ment. Among patients who took antibiotics,
89.7% (349/389) followed the doctor’s recom-
menddations, while 10.3% (40/389) did not fol-
low them.

Regarding patients' knowledge about ARI, the
study identified the following findings: 26.7%
(104/389) of respondents believed that antibiot-
ics act on viruses, while 28.3% (110/389) did not
provide a clear answer on this aspect. Addition-
ally, 62.1% (242/390) of respondents considered
antibiotics to be harmless to the human body,
while 24.1% (94/390) were unsure about this.
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Regarding the development of bacterial resis-
tance to antibiotics, 29.7% (116/390) of respond-
ents had no knowledge about this aspect. Moreo-
ver, 76.8% (289/388) of respondents believed
that antibiotics reduce the duration of acute res-
piratory infections (tab. 2).

DISCUSSIONS

Self-medication is a behavioral practice observed
especially in low- and middle-income countries
(10, 11). Self-medication with antibiotics in the
case of acute respiratory infections involves using
these medications without well-founded medical
recommendations (6, 12).

Numerous studies have identified self-medication
as a contributing factor to the emergence of anti-
biotic resistance (6, 13). According to the litera-
ture, respiratory conditions such as sore throat
(34.0%), common cold with fever (47.0%), and
cough (40.0%), along with the belief that antibiot-
ics can reduce the duration of acute respiratory
infections (6), and the ease with which they can
be obtained without a prescription, contribute to
the prevalence of self-medication with antibiotics
(14). Our study found that patients exhibited
symptoms such as cough (81.7%), sore throat
(74.3%), runny nose (62.6%), fever (52.2%), and
the belief that antibiotics reduce the duration of
the illness (76.8%). Additionally, the difficulty of
getting an appointment with the family doctor
(12.9%) was a likely reason for antibiotic admin-
istration (40.3%), of which 12.5% represented
cases of self-medication with antibiotics. The data
obtained in our study show that the rate of self-
medication with antibiotics is three times lower
compared to the data from a meta-analysis of 34
studies conducted in low- and middle-income
countries (12) but three times higher compared
to developed countries (15). The COVID-19 pan-
demic likely had an impact on antibiotic self-med-
ication practices in the Republic of Moldova as in
other countries. Recent studies have shown a re-
duction in the prevalence of this phenomenon,
ranging from 20.8% to 45.8% among the general
population, compared to the pre-COVID-19 pe-
riod when prevalence ranged from 19% to 82%
(16). According to research conducted by Zheng Y
in 2023, during the pandemic, antibiotics were
the most commonly mentioned drugs used in self-
medication, often left over from previous treat-
ments or purchased from unreliable sources. Self-
medication with antibiotics in the context of

COVID-19 was driven by concerns about infection
and limited access to medical services (17).

According to the meta-analysis, the main source
of antibiotics obtained without a prescription in
low- and middle-income countries was phar-
macies (65.5%)(18). In our study, the percentage
of antibiotics procured without a prescription
from pharmacies was 5.4 times lower (12.1%).
Additionally, the habit of keeping antibiotics at
home, including from unfinished batches and
even after the expiration date, promotes the prac-
tice of self-medication (19). According to studies,
50.0% of antibiotics obtained without a prescrip-
tion come from household reserves (12, 19, 20).
This could result from the over-dispen-sing of an-
tibiotics or the lack of adherence to treatment by
patients with acute respiratory infections (13). In
our study, we observed that the use of antibiotics
from household reserves was 2.4 times lower
(20.8%) than reported in the meta-analysis (12).
However, this practice raises questions about the
reasons for storing antibiotics at home, and these
reasons require detailed evaluation.

Low educational level and age have been identi-
fied in studies as factors associated with antibi-
otic self-medication, especially in developing
countries (13, 16). According to a study by Faten
Alhomoud in 2017 (21), the prevalence of self-
medication was higher among middle-aged indi-
viduals (40-59 years), while a study conducted by
Torres, Chibi et al. in 2021 showed a higher prev-
alence among young and middle-aged adults (18-
40 years) (14). In our own study, we observed
that self-medication was more common among
middle-aged individuals (40-59 years), with a
proportion of 52.6% for those with higher educa-
tion and 47.4% for those with secondary educa-
tion, while respondents with incomplete second-
ary education did not mention this habit. There-
fore, the level of education may be one of the de-
terminants of antibiotic self-medication. During
the COVID-19 pandemic, factors associated with
self-medication, such as gender, age, education,
marital status, and the level of concern about
COVID-19, were also identified (17).

Self-medication appears as a favorable alternati-
ve in regions without access to qualified medical
care when potential benefits are considered to
outweigh associated risks (10). The patients in
our study were from urban areas and had good
access to primary healthcare (PHC), received
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without difficulty in 80.9% of cases. However,
12.9% of respondents faced difficulties in getting
an appointment for a family doctor consultation.
These difficulties likely contributed to the prac-
tice of self-medication with antibiotics, based on
previous medical recommendations, in 5.0% of
cases. Our study highlighted that the majority of
respondents had limited knowledge about the ef-
fects of antibiotics on the human body and micro-
organisms. Specifically, over half of the respond-
ents (55.0%) did not know that antibiotics are in-
effective in treating viral infections, while more
than a third of respondents (37.9%) were not
aware of the harmful effects of antibiotics on the
human body. However, the majority of respond-
ents (76.8%) were confident that antibiotics re-
duce the duration of acute respiratory infections
Similar data have been observed in other coun-
tries, such as those in Europe, Asia, North Amer-

CONCLUSIONS

ica, and Australia, where over 53.9% of inter-
viewed individuals believed that antibiotics are
useful in treating viral infections (3).

This study has several limitations. One of them is
the geographical coverage, as the research was
conducted exclusively in urban areas, within the
Public Health Institutes of Chisinau municipality,
although the sample was designed to represent
the entire Republic of Moldova. Another limita-
tion arises from the differences between patients
with ARI in urban and rural environments. It’s
also worth noting that the data were collected be-
fore the COVID-19 pandemic, which could have
influenced antibiotic usage practices. Important-
tly, the study was conducted during the imple-
menttation of the Ministry of Health’s order re-
garding the prescription-only release of antibiot-
ics (22).

1. Our study identified a low level of knowledge among patients with ARI regarding antibiotics and
their effects. To address these gaps and improve attitudes towards antibiotic use, it is necessary to
strengthen educational measures aimed at potential users.

2. The practices of using antibiotics from household reserves highlight issues related to the quantity
of prescribed/dispensed antibiotics or the level of patient compliance. Purchasing antibiotics with-
out a prescription from pharmacies underscores the need to strengthen control measures for en-
forcing current legislation regarding the prescription only release of antibiotics.
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Introduction. Antimicrobial resistance is an important public health concern. This phenom-
enon has become an environmental problem, due to the spread of resistant microorganisms
in water. This problem is now more visible in Low-and Middle-Income Countries, where it
increases the social burden. One of the newest methods to fight antimicrobial-resistant bac-
teria is the use of strain-specific bacteriophages. Material and methods. The bacterial
strains were obtained from inpatients and identified using VITEK 2 Compact system and cul-
ture. The disk diffusion method was used to determine the resistance profiles, which were
then analyzed using EUCAST methodology. The presence of resistance mechanisms was
checked by phenotypic testing. For research purposes, 31 bacterial strains were selected. Re-
sults. The strains of K. pneumoniae, P. aeruginosa, Acinetobacter spp., S. aureus, E. coli, and
Enterococcus spp. were identified. The resistance profile of the isolates revealed: 61.5% of K.
pneumoniae isolates were pan-drug-resistant, while 23,1% were only susceptible to Car-
bapenems. E. coli strains were extensively drug-resistant, 71.4% of P. aeruginosa and 75% of
Acinetobacter spp. were pan-drug-resistant bacteria. The susceptibility profile of S. aureus
strains showed that 3/4 were resistant to Cephalosporins and Fluoroquinolones. Conclu-
sions. The study identified all six highly virulent and antibiotic-resistant bacterial pathogens
in low and middle-income countries and Moldovan hospitals. The analysis conducted in the
study could serve as an argument for using bacteriophages in water treatment as a cost-
effective method to combat antimicrobial resistance.

PROBLEMA BACTERIILOR REZISTENTE PENTRU SANATATEA PUBLICA IN TARILE CU
VENITURI MICI SI MEDII DUPA EXEMPLUL MOLDOVEI

Introducere. Rezistenta la antimicrobiene reprezintd un subiect important pentru sdndta-
tea publicd. Fenomenul in cauzd a devenit o problemd de mediu, fiind cauzat de rdspdndirea
microorganismelor rezistente in apd. Aces fapt este mai vizibil in tdrile cu venituri mici si
mijlocii, unde creste povara sociald. Una dintre cele mai noi metode de combatere a bacteri-
ilor rezistente la antimicrobiene este utilizarea bacteriofagilor specifici tulpinii. Material si
metode. Tulpinile de bacterii au fost obtinute de la pacientii internati si au fost identificate
cu ajutorul sistemului VITEK 2 Compact si prin metoda clasicd. Metoda discdifuzimetricd a
fost aplicatd pentru a determina profilurile de rezistentd, care au fost apoi analizate folosind
metodologia EUCAST. Prezenta mecanismelor de rezistentd a fost verificatd prin teste feno-
tipice. Pentru cercetare au fost selectate 31 de tulpini bacteriene. Rezultate. Au fost identifi-
cate tulpinile de K. pneumoniae, P. aeruginosa, Acinetobacter spp., S. aureus, E. coli si Ente-
rococcus spp. Profilul de rezistentd al izolatelor a relevat: 61,5% din izolatele de K. pneumo-
niae au fost pan-rezistente, iar 23,1% au fost sensibile doar la carbapeneme. Tulpinile de E.
coli au demonstrat reziztentd extinsd, 71,4% din P. aeruginosa si 75% din Acinetobacter spp.
erau bacterii pan-rezizstente. Profilul de sensibilitate al tulpinilor de S. aureus a ardtat cd
3/4 erau rezistente la cefalosporine si fluorochinolone. Concluzii. Studiul a identificat toti
cei sase agenti patogeni bacterieni, extrem de virulenti si rezistenti la antibiotice, in tdrile cu
venituri mici si medii si in spitalele din Republica Moldova. Analiza efectuatd in cadrul studi-
ului poate servi drept argument pentru utilizarea bacteriofagilor in tratarea apei ca metodd
rentabild de combatere a rezistentei la antimicrobiene.
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ABBREVIATIONS: AMR - Antimicrobial Resistance, ARB - Antimicrobial Resistant bacteria, ESBL - ex-
tended-spectrum beta-lactamases, EUCAST - European Committee on Antimicrobial Susceptibility Test-
ing, LMICs - low- and middle-income countries, MDR - multidrug resistant, PDR - pan-drug-resistant,
WHO - World Health Organization XDR - extensively drug resistant.

INTRODUCTION

In 1928, when Alexander Fleming discovered
Penicillin - "the saving drug of the 20th century”
- the glorious history of medicine began. Over the
subsequent 60 years, the 13 classes of antibiotics
that we still use to treat bacterial infections were
discovered (1). Considering that the last 40 years
have seen a multitude of epidemics and pandem-
ics in which strictly human bacterial pathogens
caused 44% of cases, contemporary medicine can
only keep pace by using antimicrobials in treat-
ment and prophylaxis, involving pre- and post-
surgery antimicrobial and post-chemotherapy
prophylaxis (2, 3, 4). Antibiotics have so far saved
thousands of lives worldwide, but according to
the laws of nature and ecosystems - everything
must be in balance and living organisms must be
constantly evolving. Thus, as early as 1940, the
first enzyme that allowed E. coli strains to destroy
penicillin was discovered (1, 5, 6). Since then, the
phenomenon of antimicrobial resistance (AMR)
has gained momentum, becoming a significant
public health problem (5, 6, 7).

It should be noted that antimicrobial-resistant
pathogens not only cause an increased number of
deaths (mortality caused by multi-drug resistant
(MDR) P. aeruginosa reaches up to 61% of cases,
and pan-drug resistant (PDR) K. pneumoniae -
maximum 71%) and disability, but also additional
costs for hospitalization, treatment, and recovery,
which cannot be accurately calculated (5, 8, 9).
Specialists from various countries have con-
cluded that the economic status of a country sig-
nificantly influences the impact of AMR on the
population, largely due to investment size in sur-
veillance systems for antimicrobial resistance of
microorganisms, but also to the presence and
quality of alternative resources that can be used
to fight infections (10). Some studies also list the
private healthcare system as a determinant of
AMR, citing the patient’s substantial influence on
antibiotic prescriptions due to commercial moti-
vations (11).

Moreover, it is necessary to realize that humans
are part of the ecosystem and are constantly in

fluenced by other components of the ecosystem,
especially as anthropogenic influence on the envi-
ronment is unquestionable. It cannot be denied
that people use chemicals, including antibiotics,
in agriculture, fish farming, and animal hus-
bandry to obtain richer harvests or better food-
producing animals to compete on the market (12,
13, 14). Farms and animal husbandry are im-
portant sources of antimicrobial-resistant patho-
gens and an important component that ensures
the continuous AMR cycle in the environment,
due to animal care and handling processes includ-
ing treatment, hygiene, and slaughter (14 - 17).
However, by far the most important source of re-
sistant microorganisms possessing genes for en-
zyme production (ESBLs - extended-spectrum
beta-lactamases - or carbapenemases) is the sick
human (whether or not admitted to a healthcare
facility), whose contaminated biological products
are discharged into water or released into the en-
vironment after minimal treatment, thus main-
taining the AMR cycle (18 - 21). The limited num-
ber of methods used to combat AMR, combined
with the preference of LMIC patients (and others)
towards self-medication, are factors that make it
difficult to align with the 2015 World Health As-
sembly Global Action Plan on AMR goals, particu-
larly goals 4 and 5 (2, 3, 22, 23, 37). The overuse
of antibiotics in LMICs, which has increased by
65% over the last decade, resulting in the emer-
gence of multi-drug resistant (MDR) and exten-
sively drug-resistant (XDR) superbugs, calls for
innovative measures to combat AMR at the level
of every component of the ecosystem (5, 7, 14, 19,
24). The European Union also emphasizes the
role of Gram-negative bacteria in the etiology of
infections with antimicrobial-resistant bacteria,
which supports the results of World Health Or-
ganization (WHO) reviews concerning AMR (25).
New antimicrobials and combinations are being
sought and developed to combat MDR Enterobac-
teriaceae (e.g. Meropenem-Vaborbactam), but a
cost-effective and less time consuming measure
would be the use of bacteriophages on their own
or in combination with usual antibiotics for per-
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sonalized patient treatment, wastewater decon-
tamination, farm animals, and crop plants (5, 8,
13,23).

This article aims to identify and characterize po-
tential targets for phages in bacteria circulating in
the environment, originating from patients
treated in medical institutions. These bacteria re-
lease biological fluids into the environment after
minimal treatment. The focus lies on exploring
the application of bacteriophages in LMICs as a
cost-effective alternative to antibiotics and a
method for water treatment, as they are readily
available in nature and capable of development.
This research gains significance, especially after
WHO listed pathogens in 2017 that urgently de-
mand new antibiotics to combat infections. Nota-
bly, ESKAPE pathogens account for over 70% of
deaths attributed to antimicrobial resistance
(AMR) (17, 26).

MATERIAL AND METHODS

Obtaining isolates

The isolates under investigation were sourced
from patients admitted to Timofei Mosneaga Re-
publican Clinical Hospital in Chisinau, Republic of
Moldova. Substrates were collected only after
meeting specific criteria: (I) the patient was over
18 years of age; (II) the patient consented to the
use of the biological material for research; (III)
the clinical picture of bacterial infection was es-
tablished, and (IV) patients were admitted during
the second and third quarters of 2022. Out of the
total of isolates obtained, 31 strains met 4 crite-
ria: (a) sourced from patients, (b) identifiable, (c)
exhibited multi-resistance to antimicrobials, and
(d) showed suspicion of a resistance mechanism.
These were randomly selected and are described
within this study.

Strain identification

The classical method - culture - was used to pu-
rify the isolates. Identification down to genus and
species was done using the automated method -
Vitek 2 Compact (BioMérieux, France). The stand-
ard protocol followed these steps: (I) Preparation
of a bacterial suspension in sterile 0.45% NaC(l sa-
line solution using 18-24-hour fresh cultures in 3
ml polystyrene tubes; (II) Ensuring the suspen-
sion's turbidity was approximately 0.5 McFarland
(£0.05 McFarland) with DensiCheck; (III) Bring-
ing the ID cards to room temperature and placing

them in transfer tube cassettes, which were then
placed in the bacterial suspension tubes; (IV)
Placing the cards within the cassette in a vacuum
and initiating the card filling cycle; (V) Transfer-
ring the filled card cassette to the analyzer to ob-
tain results after several hours.

Determination of isolate susceptibility

The resistance profile of the strains was deter-
mined using the disk diffusion method, with re-
sult interpretation following the EUCAST ver.
2022 standard. Mueller-Hinton solid medium and
inoculum from a fresh 24h+6 h culture with a tur-
bidity of 0.5 McFarland were used for this test.
The procedure entailed: (a) Preparing the inocu-
lum using sterile NaCl saline in 3 ml tubes and 3-
5 colonies from a fresh culture; (b) Inoculating
Petri dishes with Mueller-Hinton Agar medium
using a swab; (c) Placing antibiotic-impregnated
discs on the Petri dishes based on the species; (d)
Incubating the Petri dishes with antibiograms at
37°C+1°C; (e) Reading and interpreting the re-
sults the following day according to EUCAST 2022
standards.

Determination of resistance mechanisms oc-
currence

Screening tests for ESBL, double diffusion test
(double disc method), Combo test, and pheno-
typic tests were used to detect ESBL enzymes:
class A - KPC, class B - MBL (VIM, NDM, IMP),
class C - AmpC, class D - 0XA-48, 0XA-23. Tests
for other resistance mechanisms were also used:
colorimetric tests for the detection of car-
bapenemases - PACE Normand Poirel; immuno-
chromatographic tests for detection of enzymes
such as OXA-23 - Acinetobacter spp., 0XA-48, and
MBL for enterobacteria and Pseudomonas aeru-
ginosa.

Statistical analysis

The proportion of strains among the total number
of isolates, the prevalence of resistant bacterial
strains within specific species, and the proportion
of strains exhibiting phenotypically expressed re-
sistance mechanisms were determined using the
relative statistical indicator - proportion. These
calculations were performed following the for-
mulas:

No.of strains of particular species

x100 %

(a)

Total no.of bacterial strains
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No.of bacterial strains of the species resistant to Antibiotic clas

Total no.of strains of the species x 100% (b)

No.of bacterial strains of the species exposing a resistance mechanism x100 % (C)

Total number of strains of the species

Bibliosemantic method
An online search was conducted in the PubMed
and SCOPUS databases using the keywords: anti-
microbial resistance, bacteria, LMICs, susceptibility
testing, bacteriophages, and water treatment. This
search yielded a total of 660 papers, from which
215 duplicates were removed. Articles that did
not meet the specified criteria were also ex-
cluded:
o Written before 2012 (105 articles were ex-
cluded)
e Written in English (60 articles were ex-
cluded)
o Referring to ESKAPE pathogens in human
health (65 articles were excluded)
e Not open access source (79 articles ex-
cluded)

o Not full-text type (99 papers excluded)

The remaining papers (n=37) were used as

sources for the Introduction and the Discussion
sections of this paper. Priority was given to arti-
cles detailing the status of ESKAPE pathogens in
other LMICs globally, as well as in the three larg-
est economies from distinct regions of the world:
Japan (Asia), Germany (Europe), and the USA
(Americas), for comparative analysis.

RESULTS

In the process of selecting strains for research,
different biosubstrates were sampled. The pro-
portion of biosubstrates was as follows: 8 isolates
from blood and urine, 4 samples from pharyngeal
swabs and wound content. Six samples were ob-
tained from different biosubstrates: sputum,
bronchoalveolar lavage, and feces. The isolated
species were: E. coli, K. pneumoniae, S. aureus, E.
faecium, P. aeruginosa, and Acinetobacter spp.

(fig.1).

-
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Wound
M P.aeruginosa

Urine

\_ B K.pneumoniae u E.coli

Blood

~

Other
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Pharyngeal swab

E.faecium M Acinetobacter spp.

Figure 1. Biosubstrates investigated and bacterial species identified in each biosubstrate, absolute
numbers.

Out of the 31 strains selected for research,
41.93% were K. pneumoniae, 22.58% were iden-
tified as P. aeruginosa, followed by E. coli and Aci-
netobacter spp. with 9.68% and 12.9%, respec-
tively. S. aureus and Enterococcus spp. were iden-
tified in 9.68% and 3.23% of cases, respectively.
Subsequently, the resistance profile for each iso-

late was determined and then grouped by species.
Thus, 8 out of 13 isolates (61.5%) of K. pneu-
moniae were found to be PDR micro-organisms
(non-susceptible to all commercially available an-
timicrobial agents), and 3 others (23.07%) were
XDR strains, being susceptible only to Car-
bapenems. E. coli isolates (n=3) showed distinct
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susceptibility patterns with selective susceptibil-
ity to agents of each class. It should be noted that
for ord. Enterobacterales susceptibility to Penicil-
lins, Cephalosporins, Carbapenems, Fluoroquin
olones, and Aminoglycosides was tested, with a
total of 16 antibiotics. Susceptibility testing of P.
aeruginosa isolates included the same 5 classes of
antibiotics (7 antibiotics) and the results are in

cluded in Table 1. The antibiotics tested from each
class were: Piperacillin-tazobactam from Penicil-
lins; Ceftazidime and Cefepime from Cephalo-
sporins; Imipenem and Meropenem from Car-
bapenems; Ciprofloxacin from Fluoroquinolones
and Amikacin from Aminoglycosides, respec-
tively.

Table 1. Results of susceptibility testing of P. aeruginosa isolates.

Penicillins Cephalosporins Aminoglyco- Fluoroquin- Carbapenems
Isolate ;
sides olones
Isolate no. 13 R R R R R
Isolate no. 16 R R R R R
Isolate no. 17 R I R R I
Isolate no. 18 I I S I I
Isolate no. 22 R R R R R
Isolate no. 25 R R R R R
Isolate no. 29 R R R R R

Note: R - resistant; S - susceptible; I - intermediate (susceptible, increased exposure)

*The interpretations in the table mean that the results obtained were the same for all tested antimicrobials be-

longing to the same class.

The statistics showed that 71.4% of the isolates
were PDR strains and one isolate (14.28%)
showed characteristics of an XDR strain. Of all iso-
lates, only one was susceptible to aminoglycoside
antibiotics.

The 4 isolates identified as Acinetobacter spp.
were tested for susceptibility to 6 antimicrobials
categorized into 3 groups: Aminoglycosides, Fluo-
roquinolones, and Carbapenems. The results

showed that 3 out of 4 isolates are PDR strains,
and the fourth is susceptible only to Aminoglyco-
sides (Tobramycin, Gentamycin, and Amikacin).
The same testing procedure was done for S. au-
reus strains (tab. 2). Susceptibility of S. aureus
strains was tested for: Cefoxitin (Cephalospor-
ins), Ciprofloxacin, Ofloxacin, Norfloxacin (Fluro-
quinolone); Vancomycin (Glycopeptides and lipo-
glycopeptides), and Linezolid (Oxazolidinones).

Table 2. Resistance profile of S. aureus strains, n=4.

Isolate Cephalosporins Fluoroquinolones Glycopeptides Oxazolidinones
Isolate no. 8 R I S S
Isolate no.18 R R S S
Isolate no.19 R R S S
Isolate no.30 R R S S

Note: R - resistant; S - susceptible; [ - intermediate (susceptible, increased exposure)

*The interpretations in the table mean that the results obtained were the same for all tested antimicrobials be-

longing to the same class.

The resistance profile of S. aureus strains showed
that they were 100% susceptible to Glycopep-
tides and Oxazolidones. They were also 100% re-
sistant to Cephalosporins and 3 out of 4 isolates
were also resistant to Fluoroquinolones. The only
isolate of the genus Enterococcus (E. faecium) was

susceptible to Vancomycin and Linezolid and was
resistant to Ampicillin.

Testing for the presence of resistance mecha-
nisms revealed that among the 13 K. pneumoniae
isolates, one exhibited the ESBL mechanism,
while eight showed the presence of carbapene-
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mases. In all cases, the 0XA-48 type enzyme (sub-
type NDM) was detected in 62.5% of these in-
stances (confirmed by immunochromatographic
tests). In the other cases, although initially the
strains were suspected of resistance mechanisms,
this was not confirmed phenotypically. In the case
of E. coli, 2 out of 3 isolates were ESBL-producing
strains, the third being negative for both tested
mechanisms. In the case of the 7 P. aeruginosa
strains, testing for the presence of resistance
mechanisms gave the following results: 71.42%
(n=5) tested negative for carbapenemases, and in
the case of the other 2 isolates, the result was pos-
itive, with one isolate producing NDM and the sec-
ond, VIM enzymes. Finally, the double diffusion
test and immunochromatographic tests of Aci-
netobacter spp. showed that 2 isolates (50%)
were 0XA-23 enzyme-producing strains, and the
remaining were not.

DISCUSSIONS

Throughout our research on AMR, with a focus on
infection etiology and the status of circulating
strains (MDR, XDR, PDR), we have consistently
found that antimicrobial resistance is a global
problem, but the level of understanding and
depth of approach varies from country to country
and region to region. Consequently, we were able
to compare our results with those obtained in in-
dividual country studies as well as regional and
global studies. Inoue K. et al. concluded that mor-
tality from infections with ESBL-producing mi-
croorganisms is higher compared to the rest of
the ARB (22). The study by Silvester R. et al.
showed that K. pneumoniae in all LMICs tends to
exhibit ESBL resistance mechanisms, CP as well as
combined genotypes, and these cause a greater
burden on the healthcare system, especially as
there are cases where healthy people are reser-
voirs of enzyme-producing bacteria, but also be-
cause they are the most frequently isolated bacte-
ria encountered in hospital settings (10, 17, 20).
Our study aligns with these findings, as Moldova
is an LMIC, and AMR, as a multidimensional pro-
cess, is a significant concern for the healthcare
system.

However, many studies focus on various aspects
of AMR occurrence and "frequency” in the health
system, society, and the environment. Three stud-
ies conducted in Cameroon, Morocco, and Vi-
etnam showed Enterobacteriaceae as the most
frequently isolated microorganisms, followed by

S. aureus, as we determined, but Camara N. and
Haeeb A. determined an opposite situation in
Tanzania and Saudi Arabia (2,9, 27, 28, 29). When
analyzing isolates according to the source (bio-
substrate), studies focusing on uropathogens
showed that E. coli is the most frequent uropath-
ogen followed by K. pneumoniae (in Ethiopia and
USA), compared to 2 studies from Romania show-
ing 2 distinct situations - one study showed a sim-
ilar situation as in Ethiopia, and the second one
showed a distinct situation - with P. aeruginosa
on the first place similar to the one in Mexico (14,
25,3031, 32). Still, none of them delivered results
similar to the ones in this paper.

Finally, the comparative analysis of ESKAPE path-
ogen resistance profiles in different countries and
regions is equally diverse. For E. coli isolates,
studies in Tanzania showed the highest rate of re-
sistance to Penicillins and Aminoglycosides,
which correlates with the results of similar stud-
ies in Greece, Romania and Mexico and is similar
to the results obtained in this paper (2, 31, 32,
33). However, there are also studies showing
higher rates of resistance to other classes of anti-
microbials - Fluoroquinolones and Cephalospor-
ins (9, 32). Regarding K. pneumoniae, this study
had similar results to those from Mexico and Tan-
zania, where the isolates had the second highest
proportion of MDR profiles, and Morocco, where
in addition to MDR status an alarming rate of car-
bapenemase-producing strains was detected (2,
29, 32). The results obtained on carbapenemase
production by ord. Enterobacterales are in con-
trast to those obtained by researchers in Vietham
(LMIC) and Germany (9, 34). P. aeruginosa, an-
other important microorganism in the etiology of
infectious diseases, is one with a high proportion
of PDR strains in this study, which is however
very rarely found in other regions and countries,
such as China, Greece, EU (33, 34, 35). The situa-
tion in Acinetobacter spp. is not much different in
the same regions.

If we look at the Gram-negative microorganisms
as a whole, part of the ESKAPE group, the trend of
MDR strains (either XDR or PDR) circulation is
constantly increasing, even reaching 100% in
some LMICs. This phenomenon will inevitably
create huge treatment costs, potentially amount-
ing to tens of millions of dollars, as estimated by
Australian epidemiologists (26, 29, 32, 36), calcu-
lated for a one-year period in Australia. LMICs do
not have sufficient financial resources to treat pa-
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tients and combat the long-term effects of re-
duced work capacities of the ill population, as
well as the environmental damage and impacts on
other economic sectors. To this end, both our
study and the analyzed research focused on the
description of pathogens of the ESKAPE group,
the latter being potential targets for treatment
with specific bacteriophages after their uninten-
tional discharge into surface waters or sewage

systems. Given the ubiquitous presence of bacte-
riophages in the environment and their ease of
development, their use is much more economi-
cally efficient for water treatment and for slowing
down the spread of AMR in the environment, and
consequently, for minimizing the danger that this
phenomenon poses for the human population.

CONCLUSIONS

1.

AMR is an ongoing and significant issue that can lead to serious consequences. The data and analysis
from this study demonstrate that AMR is a prevalent concern in healthcare institutions, irrespective
of regional variations and circumstances.

To comprehend the AMR characteristics within the country, it is imperative to conduct an initial
analysis on a small scale. This will facilitate the development of a comprehensive overview that can
be compared with the regional situation.

This study revealed the concerning presence of AMR among ESKAPE pathogens in Moldovan hos-
pitals, with limited treatment options available. This necessitates an urgent response and the ex-
ploration of innovative solutions.

This study stands as a cornerstone for the development of optimal solutions to combat AMR in the
country, as it includes the analysis of potential cost-effective treatment targets.

Given the country's economic conditions, research and interventions aimed at characterizing the
AMR phenomenon and identifying/developing bacteriophage targets for water treatment will serve
as a crucial starting point to mitigate the impact of AMR. This is particularly significant considering
that phages are present in the environment where resistant bacteria from hospitals ultimately con-

tribute to the cycle of the AMR phenomenon.
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Introduction. Antimicrobial Resistance (AMR) is one of the most serious threats to global
public health, causing over 700 thousand deaths annually. In addition to the social burden,
AMR generates high medical costs, and estimating these at the hospital level has been the
subject of research in many international studies.

Material and methods. A comprehensive study was conducted, encompassing 172 cases of
invasive infections recorded in patients hospitalized at the “Timofei Mosneaga” Republican
Clinical Hospital, from which strains of antimicrobial-resistant E. coli, K. pneumoniae, A. bau-
mannii, and P. aeruginosa were isolated in the years 2019-2021. Based on data regarding
the duration of hospitalization, treatment costs, and expenses for investigations, indicators
such as average cost, the median, minimum and maximum values of treatment, including the
cost of antibiotics and laboratory analyses, were calculated.

Results. The economic impact indicators of AMR at the hospital level include: the duration
of hospitalization, the total costs of a treated case, the costs of antibiotics, and the costs of
laboratory analyses. In the structure of microorganisms isolated from the p atients included
in the study, K. pneumoniae predominates, accounting for 44.2%, and the total treatment
cost for this organism was the highest at 202731.5 dollars. The maximum duration of hospi-
talization was recorded in patients from whom A. baumannii was isolated (27.7 days).
Conclusions. The resistance of strains isolated from patients has directly contributed to the
extension of the hospitalization period. The resistance of A. baumannii and K. pneumoniae
species has predominantly led to the increase in the economic burden of AMR.

EVALUAREA COSTURILOR AFERENTE REZISTENTEI LA ANTIMICROBIENE A BACILILOR
GRAM-NEGATIVI PRIORITARI

Introducere. Rezistenta la antimicrobiene (RAM) reprezintd una dintre cele mai grave
amenintdri la adresa sdndtdtii publice la nivel global, determindnd anual peste 700 mii de
decese. Pe langd povara sociald, RAM genereazd costuri medicale inalte, iar estimarea
acestora la nivel de spital a constituit obiectul de cercetare a multor studii internationale.
Material si metode. A fost realizat un studiu integral, care cuprinde 172 cazuri de infectii
invazive, inregistrate la pacientii internati in Spitalul Clinic Republican , Timofei Mosneaga”,
de la care au fost izolate tulpini de E. coli, K. pneumoniae, A. baumannii si P. aeruginosa
rezistente antimicrobiene, in anii 2019-2021. In baza datelor privind durata spitalizdrii,
costurile tratamentului si cheltuielile pentru investigatii, au fost calculati indicatorii: costul
mediu, mediana, valorile minime si maxime ale tratamentului, inclusiv costul antibioticelor
si al analizelor de laborator.

Rezultate. Indicatorii impactului economic al RAM la nivel de spital sunt: durata spitalizdrii,
costurile totale ale unui caz tratat, ale antibioticelor si ale analizelor de laborator. In
structura microorganismelor izolate de la pacientii inclusi in studiu, predomind K.
pneumoniae, cu o pondere de 44,2%, pentru care si costul total al tratamentului a fost maxim
- 202731.5 dolari. Durata de spitalizare maximd s-a inregistrat la pacientii de la care s-a
izolat A. baumannii (27,7 zile).

Concluzii. Rezistenta tulpinilor izolate de la pacienti a contribuit in mod direct la extinderea
duratei de spitalizare. Rezistenta speciilor A. baumannii si K. pneumoniae au determinat in

cea mai mare mdsurd cresterea poverii economice a RAM.
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INTRODUCTION

The burden caused by microorganisms resistant
to antimicrobial agents is a very heavy one for all
of humanity, and especially a daily challenge for
doctors in intensive care units. In these units,
multidrug-resistant Gram-negative bacteria are
responsible for 45-70% of cases of ventilator-as-
sociated pneumonia, 20-30% of cases of blood-
stream infections, and urinary tract infections as-
sociated with catheters (1).

Currently, there is a significant increase in the
number of infectious diseases worldwide. The
species Klebsiella pneumoniae, Acinetobacter bau-
mannii, Pseudomonas aeruginosa, and Escherichia
coli are the most common pathogens involved in
the etiology of infectious diseases. In 2017, they
were included in the global surveillance list devel-
oped by the World Health Organization (WHO)

(2).

Significant depleted stocks of antimicrobial
agents, therise of complex cases of infections with
resistant microorganisms both in hospital and
community settings have conditioned the urgent
need for the development of new, effective anti-
microbial agents against resistant microorgan-
isms (2).

Antibiotic resistance in Gram-negative bacilli in-
volved in major infectious pathology significantly
increases healthcare costs, the severity of infec-
tions, as well as death rates. According to studies,
annually there are over 700 thousand deaths due
to bacterial resistance, with the potential for a
rapid increase in this figure to 10 million deaths
in the next 30 years,accompanied by a cumulative
cost of 100 trillion dollars, in the absence of effec-
tive measures for prevention and combating this
phenomenon (3, 4).

The World Bank has estimated that without pre-
ventive and control measures, the global eco-
nomic damages caused by infections from antimi-
crobial-resistant microorganisms could lead to a
financial crisis equivalent to that of 2008-2009 by
the year 2050. Additionally, by 2050, this phe-
nomenon could annually decrease the global
gross domestic product (GDP) by 1.1%, with its
deficit exceeding 1 trillion dollars annually, start-
ing as early as 2030 (5).

According to a study conducted by Nelson et al.
(2017) in a hospital in the USA, the annual cost for
treating patients with healthcare-associated in

fections (HAI) caused by A. baumannii was
$39,787.0, including $74,306.0 for HAI treatment
and $62,396.0 for community-acquired infections
caused by the same species (6).

Thus, combating AMR is globally recognized as
one of the priorities in public health due to its so-
cial impact and the economic harm it inflicts on
the healthcare system. Measures for preventing
and controlling this phenomenon should be based
on the results of monitoring resistance to antimi-
crobial agents (1, 2).

Monitoring the consumption of antimicrobials
among the population, both in the community and
in hospital institutions, is a first step in the fight
against the spread of antimicrobial resistance
(AMR). These data will contribute to forming an
overall picture of the prescription, dispensing,
and use of antimicrobial agents (2).

According to research in the Republic of Moldova,
Gram-negative bacilli isolated from patients with
invasive infections also exhibit elevated re-
sistance rates. It has been estimated that the high-
est resistance rates for strains of E. coli and K.
pneumoniae were recorded for the penicillin
group (73.9% and 91.8%, respectively), followed
by the third-generation cephalosporin group with
56.5% and 94.1%, respectively, of resistant
strains. For P. aeruginosa strains, there is alarm-
ing resistance to aminoglycosides (81.8%), as
well as to last-resort drugs - carbapenems
(72.7%). Strains of A. baumannii show resistance
of over 90% of the isolated strains practically to
all groups of antimicrobial agents (1, 5).

An important method for assessing the economic
impact of AMR is evaluating the treatment costs
at the hospital unit level, which has its own finan-
cial resources. These resources are directed to-
wards the most rational use of the available
budget, aiming to achieve efficiency both in terms
of treatment and economically (6).

Numerous international studies highlight the
main indicators for measuring the economic im-
pact of treating patients with infections caused by
resistant microorganisms within the hospital set-
ting. These studies include a detailed analysis of
the economic burden caused by AMR, reflected in
the medical costs or the duration of hospitaliza-
tion for patients (6, 7).
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The study was conducted to assess the costs asso-
ciated with the treatment of patients with infec-
tions caused by Gram-negative bacilli resistant to
antimicrobials, who were hospitalized at the Re-
publican Clinical Hospital during the years 2019-
2021.

MATERIAL AND METHODS

According to the Regulation on the National Sys-
tem for Epidemiological Surveillance of Antimi-
crobial Resistance (SSERAM) approved by Order
of the Ministry of Health, Labour and Social Pro-
tection (MSMPS) 711/2018, within the National
System for Epidemiological Surveillance of Anti-
microbial Resistance (SSERAM), strains of clini-
cally significant Gram-negative bacilli, including
Escherichia coli, Klebsiella pneumoniae, Pseudo-
monas aeruginosa, and Acinetobacter spp., are re-
ported in blood and cerebrospinal fluid (CSF).

A comprehensive study was conducted, encom-
passing all cases of invasive infections caused by
strains of E. coli, K. pneumoniae, P, aeruginosa, and
A. baumannii with resistance mechanisms, rec-
orded during the period 2019-2021. Thus, 172
cases of invasive infections were studied during
that period.

For the execution of this study, the records ac-
companying the strains of Gram-negative bacilli
isolated in the Microbiological Laboratory of the
Timofei Mosneaga Republican Clinical Hospital,
which has been part of the National AMR Surveil-
lance Network since 2018, were examined and
sent to the national reference laboratory for AMR
to confirm the resistance mechanisms. Addition-
ally, the medical records of the hospitalized pa-
tients from whom these strains were isolated dur-
ing the period 2019-2021 were also examined.

Excluded from the study were:

- patients with invasive infections from whom
strains of Escherichia coli have been isolated
from blood and/or CSF, resistant to one or
more drugs from the beta-lactam group;

- patients with invasive infections from whom
strains of Klebsiella pneumoniae have been iso-
lated from blood and/or CSF, resistant to one
or more drugs from the beta-lactam group;

- patients with invasive infections from whom
strains of Acinetobacter baumannii have been
isolated from blood and/or CSF, resistant to
one or more drugs from the beta-lactam group;

- patients with invasive infections from whom
strains of Pseudomonas aeruginosa have been
isolated from blood and/or CSF, resistant to
one or more drugs from the beta-lactam group;

Excluded from the study were:

- patients from whom strains of Gram-positive
microorganisms were isolated;

- patients from whom strains of Gram-negative
bacilli sensitive to all groups of antimicrobial
agents were isolated;

- patients from whom strains of Gram-negative
bacilli, not included in the global surveillance
list, were isolated;

- patients from whom strains of Gram-negative
bacilli were isolated from biosubstrates other
than blood and cerebrospinal fluid.

The collected patient data, based on the personal
records in the Archive of the Timofei Mosneaga
Republican Clinical Hospital, focused on the dura-
tion of hospitalization, the total cost of treatment
within the hospital, the cost of antimicrobial
agents used for treatment, and the cost of labora-
tory analyses for each treated case.

A database was created in Excel, organizing the
obtained information, and subsequent calculation
of respective statistical indices, such as mean val-
ues, the median, minimum, and maximum values
for the costs of each parameter. The indicators
were calculated cumulatively for all three years
and individually for each isolated resistant patho-
gen.

The normality of the data distribution was tested
using the Shapiro-Wilk and d'Agostino-Pearson
methods. To determine the statistical significance
of the observed differences, the non-parametric
Kruskal-Wallis test was conducted. When obtain-
ing a p-value less than 0.05, the null hypothesis
was rejected, concluding that there is a statisti-
cally significant difference between the observed
variables.

RESULTS

The processing of the respective data collected
within the Timofei Mosneaga Republican Clinical
Hospital (RCH) allowed for the evaluation of cases
of infections with resistant microorganisms con-
cerning the costs associated with AMR. Figure 1
presents data on the general characteristics of re-
sistant pathogens isolated from 172 patients hos-
pitalized during the period from 2019 to 2021.
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Figure 1. The cumulative percentage share (%)
of resistant pathogens isolated from blood and
CSF from patients hospitalized in the RCH
during the years 2019-2021.

Based on the data presented in figure 1, it is ob-
served that the majority of Gram-negative bacte-
rial infection cases reported by the RCH during
the period from 2019 to 2021 are caused by K.
pneumoniae - 44.2+7.6%, followed by A. bau-
mannii with a share of 30.2+7.0%, P. aeruginosa
with 14.0+5.2%, and E. coli with 11.6+4.8%.

As a result of the analysis, no statistically signifi-
cant differences (p>0.05) were determined re-
garding the duration of hospitalization based on
the isolated Gram-negative bacterial species. The
median value of this indicator varied from 19
days (min=4, max=98 days) for P. aeruginosa to
24 days (min=3, max=66 days) for A. baumannii
(tab. 1).

The total costs for the treatment of a patient dur-
ing hospitalization included: expenses for antimi-
crobial agents used, expenses for other types of
medications besides antimicrobial agents, ex-
penses for clinical and paraclinical investigations,
as well as expenses for laboratory investigations.

Based on the costs recorded for the patients in-
cluded in the study, the median cost of a case of
infection with the isolated resistant microorga-
nism was calculated using the SPSS software.
Thus, it was found that the total treatment cost,
estimated through the Kruskal-Wallis test, was
higher for patients affected by A. baumannii
strains compared to E. coli (p=0.0004) and P. ae-
ruginosa (p=0.0123), while the observed differ-
ence compared to K. pneumoniae was not statisti-
cally significant (p=0.0571). Similarly, the differ-
ence in treatment costs for patients with E. coli
compared to those from whom P. aeruginosa was
isolated was not significant (p=0.2385).

The median value of the total cost varied from
1,328 thousand dollars (min=0,100 thousand dol-
lars; max=12,109 thousand dollars) for E. coli to
2,841 thousand dollars (0,406-13,187 thousand
dollars, respectively) for A. baumannii (tab. 2).

Table 1. The duration of hospitalization for patients with infections caused by antimicrobial -resistant
microorganisms, years 2019-2021 (days).

Duration of hospitalization

Bacterium n mean (SD) the median min max
Acinetobacter baumannii 1441 26.9 (14.9) 24 3 66
Escherichia coli 458 23.2 (24.5) 20 1 91
Klebsiella pneumoniae 2446 26.5 (18.2) 23 1 118
Pseudomonas aeruginosa 614 25.6 (21.3) 19 4 98

Table 2. The total costs incurred by the hospital for the treatment of cases of infections with resistant
microorganisms isolated from patients during the period 2019-2021 (thousands of dollars).

. Cost of treatment
Bacterium - -
n mean median min max
Acinetobacter baumannii 165.435 3.181 2.841 0.406 13.187
Escherichia coli 396.430 1.972 1.328 0.100 12.109
Klebsiella pneumoniae 202.732 2.668 2.291 0.191 10.997
Pseudomonas aeruginosa 50.761 2.115 1.679 0.525 6.613

In addition to the total treatment costs, the cost
specifically for antimicrobial agents was also esti-
mated, using the Kruskal-Wallis test.

The antimicrobial agents used for the treatment
of patients included ciprofloxacin, levofloxacin,

vancomycin, ceftazidime, meropenem,
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ertapenem, imipenem, erythromycin, amoxicillin,
amoxicillin clavulanic-acid, ceftriaxone, cefopera-
zon, cefoperazon-sulbactam, ceftazidim, ceftri-
axon, cefuroxim, piperacillin-tazobactam, colistin,
metronidazole, gentamicin, amikacin. The doses
and duration of administration varied depending
on the patient.

The highest expenses for antimicrobial agents
used for a case of infection were recorded in pa-
tients with infections caused by A. baumannii,
compared to infections caused by E. coli
(p=0.0008) and K. pneumoniae (p=0.0003). How-
ever, the difference in the median cost between
the treatment of infections caused by A. bau-
mannii and those caused by P. aeruginosa was not
statistically significant (p=0.0505).

The median cost value for antimicrobial agents
varied from 0,112 thousand dollars (min=0.001

thousand dollars; max=1,002 thousand dollars)
for E. coli infections to 0,453 thousand dollars
(0,008-1,720 thousand dollars, respectively) for
A. baumannii infections (tab. 3).

The data obtained for the indicators calculated in
the SPSS statistical software, based on the ex-
penses for laboratory investigations, using the
same Kruskal-Wallis test, indicate higher median
values for infections caused by A. baumannii with
0,661 thousand dollars (min=0,194 thousand dol-
lars; max=2,625 thousand dollars). The lowest
median values were recorded for investigations
of infections caused by E. coli - 0,445 thousand
dollars (min=0,056 thousand dollars; max=3,522
thousand dollars). As a result of the analysis, no
statistically significant differences (p>0.05) were
determined regarding the costs of laboratory
analyses based on the isolated agent (tab. 4).

Table 3. The cost of antimicrobial agents used in cases of infections caused by resistant
bacteria during the period 2019-2021 (thousands of dollars).

. Cost of antibiotics
Bacterium n (%) mean the median min max
Acinetobacter baumannii 26.022 (15.7) 0.500 0.453 0.008 1.720
Escherichia coli 4.445 (1.1) 0.222 0.112 0.001 1.002
Klebsiella pneumoniae 27.377 (13.5) 0.360 0.193 0.009 3.298
Pseudomonas aeruginosa 8.793 (17.3) 0.366 0.280 0.031 1.772

Table 4. The costs related to expenses for laboratory analyses conducted on patients during hospitali-

zation, 2019-2021 (thousands of dollars).

) Cost of investigations
Bacterium . -
n (%) mean (SD) the median min max
Acinetobacter baumannii 41.213 (24.9) 0.793 0.661 0.194 2.625
Escherichia coli 13.559 (34.4) 0.678 0.445 0.056 3.522
Klebsiella pneumoniae 58.374 (28.8) 0.775 11.128 0.065 3.560
Pseudomonas aeruginosa 14.111 (27.8) 0.588 8.9905 0.106 1.274

The extensive number of studies aiming to quan-
tify the costs associated with AMR at the hospital
level either focuses on the overall hospital ex-
penditures or on department-specific expenses.
These studies concentrate on indicators such as
the duration of hospitalization, antibiotic costs,
laboratory analysis costs, total costs per treated
case, which are also the focal points of the present
study (8 - 11).

The Gram-negative bacilli included in the re-
search were isolated from blood samples taken

from patients with invasive infections, similar to
the studies conducted by Dos Santos et al. and
Lashari et al. These patients were in critical con-
dition and admitted to intensive care units (12,
13).

In the etiological spectrum of invasive infections,
the species K. pneumoniae predominates with a
percentage of 44.2%, followed by A. baumannii
with 30.2%. This finding is in line with studies
conducted by Lashari et al. and Nelson et al. (11,
13).

47|



ONE HEALTH &

4 OH.R

RISK MANAGEMENT

VOL. 5, ISSUE 1
2024

A study conducted in 10 hospitals in Korea esti-
mated that the hospitalization duration of pa-
tients who contracted an infection with resistant
A. baumannii was the highest compared to pa-
tients from whom other Gram-negative microor-
ganisms were isolated (14). Similarly, in the cur-
rent research, it was found that the hospitaliza-
tion duration was longer for patients with infec-
tions caused by A. baumannii.

A shorter duration of hospitalization was ob-
served for patients with infections caused by E.
coli, as found by Hernandez-Pastor et al. in a study
based on the PINC AI Healthcare US database.
This reduced duration of hospitalization was also
recorded in that particular study (15).

The majority of the analyzed studies included pa-
tients from whom strains of Gram-negative bacilli
resistant to antimicrobial agents were isolated, a
criterion that the present study also focused on,
evaluating the costs associated with these bacilli
during the patient's hospitalization (16, 17, 18).

Another calculated indicator for assessing the
economic impact determined by AMR was the to-
tal cost of treatment during a patient’s hospitali-
zation. This indicator had maximum values for pa-
tients from whom antimicrobial-resistant A. bau-
mannii was isolated, followed by patients with in-
fections caused by resistant K. pneumoniae. Simi-
lar findings were also observed in the studies con-
ducted by Lashari et al.,, Huang et al.,, and Wilson
etal. (8,13, 19).

In the case of costs for antibiotics used in treat-
ment, as well as expenses for laboratory investi-
gations, patients who contracted infections with
A. baumannii are at the forefront with the highest
expenditures, results similar to those observed in
the research. After A. baumannii, the highest anti-
biotic costs were recorded for patients from

CONCUSIONS

whom P. aeruginosa was isolated, a finding also
noted by Blanchette et al. and Zhen et al (7, 20).

Values dissimilar to the studies by Tabak et al,,
Zhen et al,, and Kim et al. were determined for the
costs of laboratory investigations, which placed P.
aeruginosa in the second position, and the current
research found higher values for this indicator for
K. pneumoniae after A. baumannii (7, 14, 21).

The duration of hospitalization, as well as all
treatment-related costs for patients with infec-
tions caused by resistant pathogens, have consist-
ently been higher for patients with infections
caused by antimicrobial-resistant A. baumannii
(11, 14).

The study conducted by us has the following lim-
itations:

- it is based on data collected over a period of 3
years. To conduct a more comprehensive in-
vestigation, data over a longer period, adjusted
for annual inflation, is needed;

- lack of a control group to perform comparative
calculations of hospitalization duration, treat-
ment cost, and investigations for patients with
infections caused by resistant and sensitive
microorganisms, respectively, to determine in-
cremental cost;

- patients were not separated into those with
community-acquired infections and those with
healthcare-associated infections;

- 47.7% of the patients died during hospitaliza-
tion, which influenced the estimated costs for
the treatment of patients with infections
caused by antimicrobial-resistant Gram-nega-
tive bacilli.

Taking these aspects into account, further re-
search in this field could develop the estimation
of the economic impact of AMR and perform more
complex calculations.

The application of the methodology for estimating the economic impact of AMR based on the data col-
lected during the period 2019-2021 has revealed the following:

1. In the etiological structure of infections caused by resistant microorganisms, the species K. pneu-

moniae predominates with a share of 44.2%.

2. The hospitalization period for patients with infections caused by antimicrobial -resistant A. bau-
mannii proved to be the longest, with the median value of infection cases being 24 days.

3. The highest costs were recorded for the treatment of patients with infections caused by resistant A.
baumannii, with the median cost of treatment being 2,841 dollars.
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4. The median cost of antibiotics for an infection case was higher for the treatment of patients with
infections caused by resistant A. Baumannii - 0,453 dollars. Similarly, the median value of labora-
tory analysis costs was highest for infections caused by this pathogen.

Based on the above, it is observed that antimicrobial resistance in K. pneumoniae and A. baumannii
species largely contributes to the increased economic burden of AMR. Therefore, it is imperative to pay
attention and allocate sufficient resources to preventive and control measures for infections caused by

these bacteria.

Following the conducted research on assessing the costs related to antimicrobial resistance of priority
Gram-negative bacilli, it can be concluded that as a logical next step, comparative studies on diseases
caused by other microbial agents would be welcomed.
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Pornind de la bazele utilizarii metodelor instrumentale de analiza in capitolul 1, autoarea prezinta
reperele metodologice ale analizei si principiile de baza ale proiectarii unei analize, caracterizeaza
functiile de baza ale instrumentelor analitice. O abordare reusita a procesului de pregdtire a probelor
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referd la aspecte specifice ale procesului de masurare, comparare a rezultatelor sau la importanta
interferentelor in analizi si modalititile de evitare a acestora. In acest aspect, prezenta momografie
asigura o prezentare complexa a domeniului.

Importanta metodelor instrumentale moderne in analiza medicamentelor rezida in capacitatea lor de a
oferi rezultate precise, repetabile si rapide. Autoarea caracterizeaza toate tehnicile avansate utilizate in
analiza si cercetarea medicamentelor, cum ar fi de exemplu, spectroscopia de masa, cromatografia de
lichide de inalta performanta. Fiecare metoda este redata prin prisma avantajelor, dezavantajelor,
domeniilor si posibilitatilor de utilizare, cu accent pe analiza farmaceutica.
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abordeaza aspecte privind asigurarea performantei metodelor analitice, prin prisma importantei
prelucririi statistice a rezultatelor analizelor si, in special, a procesului de validare. In plus, abordarea
subiectului de aplicatii specifice ale metodelor instrumentale, 1i ofera monografiei un grad sporit de
originalitate. Monografia se incheie cu o scurta incursiune in bazele reglementarii metodelor analitice,
si cu prezentarea perspectivelor in dezvoltarea tehnicilor instrumentale.

Aceasta monografie este un suport valoros pentru studenti, care vor beneficia prin dobandirea unor
cunostinte solide despre tehnologiile de ultima ora, iar cercetatorii si specialistii in domeniul
medicamentului vor avea acces la o resursa valoroasa de informatii pentru a-si actualiza cunostintele si
pentru a fi la curent cu cele mai recente inovatii. Este o lucrare fundamentala, cu un continut bogat si
variat, cu o redactare stiintifica riguroasa a materialului, care este expus clar si accesibil.

Consider ca monografia propusa abordeazd o tema extrem de actuald si importantd in domeniul

farmaceutic, prin furnizarea de informatii detaliate asupra metodelor instrumentale cu aplicatie in

cercetarea si analiza medicamentelor, contribuind astfel la dezvoltarea cunoasterii in acest domeniu de
mare importanta.
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The summary should not include tables, charts, and
bibliographic notes; information not included in the
article.

Figures. The text included in figures should be written
in font Cambria, 10 point. Each figure should be accom-
panied by a heading and legend. They should be num-
bered with Arabic numerals and placed in parentheses
(e.g.: fig. 1). Both the title (e.g. Figure 1) and legend are
centred, below the figure.

Tables. The text included in tables should be written
in font Cambria, 10 point. Each table should be accom-
panied by a heading. Tables should be inserted into the
text and adjusted to the width of the page. The tables
are numbered in Arabic numerals and mentioned in
body text in parentheses (e.g. tab. 1). The title of the
table is centred on the top of the table (e.g. Table 1).

References are numbered in the order they appear in
the paper. The reference sources are cited at the end of
the article by using AMA style and will include only the
references cited within the text (the reference is num-
bered within round parentheses). The in-text citations
that appear more than once are numbered si-milarly
as in the first citation. The number of references should
not exceed 50 sources. The scientific authors are re-
sponsible for the accuracy of their writings. The refer-
ence list should include only those references that
have been consulted by the authors of the manuscript.
The elements of the reference sources are written ex-
actly in accordance with the requirements.

For more information see: http://journal.ohrm.
bba.md/index.php/journal-ohrm-bba-md/editing_
guidelines
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CERINTE PENTRU AUTORI

Reguli de tehnoredactare

Pregatirea manuscrisului (elaborat in limbile engleza
si franceza) va fi in conformitate cu instructiunile pu-
blicate In: Uniform Requirements for Manuscripts Sub-
mitted to Biomedical Journals (1994) Lancet 1996, 348,
V2; 1-4 (www.icmje.org). Manuscrisele trebuie sa fie cu
font Cambria, dimensiune 11 puncte, spatiatla interval
1,0, aliniere justificata, campurile 2 cm pe toate latu-
rile. Toate paginile trebuie sa fie numerotate
consecutiv (In coltul de jos, in partea dreaptd) si sa
includa nume-rotarea continua a paginilor. Abrevierile
trebuie sa fie explicate la prima aparitie in text si nu
trebuie utilizate excesiv. Manuscrisele nu trebuie sa
depaseasca (fara a numara titlul, afilierea, rezumatul si
refe-rintele): 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 cuvinte; 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 % din volumul
manuscrisului. Revista 1si rezerva dreptul de a face
orice alte modificari de formatare. Manuscrisele res-
pinse 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 sa fie cat mai scurt posibil (maximum -
120 de semne cu spatii), elocvent pentru continutul
manuscrisului. Numele autorilor vor fi scrise deplin:
prenume, nume de familie (ex: lon RUSU). Afilierea va
include: Sectia/Departamentul/Catedra, Universita-
tea/Spitalul, Orasul, Tara pentru fiecare autor. Se vor
mentiona obligatoriu, mai jos, datele autorului cores-
pondent si informatiile de contact - adresa de e-mail
(ex: autor corespondent: Ion Rusu, e-mail:
ion.rusu@gmail.com).

Structura manuscrisului
Manuscrisul va cuprinde urmatoarele subtitluri (scrise
cu majuscule):
— REZUMAT (vezi cerintele mai jos)
— INTRODUCERE (se va reflecta actualitatea si
prezentarea generald a problemei studiate, scopul
si ipoteza studiului)

— MATERIAL SI METODE

— REZULTATE

— DISCUTII

— CONCLUZII

— CONFLICT DE INTERESE

— MULTUMIRI SI FINANTARE (optional)

— APROBAREA ETICA (se va specifica prezenta
sau lipsa avizului pozitiv de la comitetul de etica:
nr, data, institutia 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

in rezumat nu vor fi incluse tabele, grafice si note bib-
liografice; informatii care nu sunt prezentate in studiu.

Figuri. Textul inclus in figuri trebuie sa fie scris cu font
Cambria, dimensiune 10 puncte. Fiecare figura trebuie
sa fie insotita de titlu si legenda. Ele vor fi numerotate
cu cifre arabe si vor fi mentionate in text in paranteze
(ex: fig. 1). Titlul (ex: Figura 1) silegenda figurii trebuie
sa fie scrisa centrat, sub figura.

Tabele. Textul inclus in tabele trebuie sa fie scris cu
font Cambria, dimensiune 10 puncte. Fiecare tabel
trebuie sa fie insotita de titlu. Tabelele vor fi inserate
in text, fara a depasi latimea unei pagini. Ele vor fi
numerotate cu cifre arabe si vor fi mentionate in text
in paranteze (ex: tab. 1). Titlul tabelului va fi pozitionat
deasupra tabelului centrat (ex: Tabelul 1).

Referintele trebuie sa fie numerotate in ordinea apa-
ritiei in text. Citarea sursei de referinta va fi conform
stilului AMA, plasata la sfarsitul articolului si va include
doar referintele citate in text (mentionand numarul de
referinta in paranteza rotunda). Dacd aceeasi referinta
este citata de mai multe ori, ea va fi trecuta in text cu
acelasi numar ca la prima citare. Numarul total de re-
ferinte nu va depasi 50 de surse. Acuratetea datelor
tine de responsabilitatea autorului.

Pentru mai multe informatii consultatii: http://jour-
nal.ohrm.bba.md/index.php/journal-ohrm-bba-
md/editing_guidelines
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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.icmje.org). Les manuscrits doivent étre en po-
lice Cambria, taille 11 points, espacés a l'intervalle 1,0,
alignement justifié, champs 2 cm de tous les cotés.
Toutes les pages doivent étre numérotées consécutive-
ment (dans le coin inférieur droit) et inclure une nu-
mérotation continue des pages. Les abréviations doi-
vent 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, 1'affiliation, le résumé et la
bibliographie) le vo-lume suivant: pour articles de syn-
thése/rapports - 4500 mots; pour les articles de re-
cherche - 3000 mots; pour les opinions d'experts —
2500 mots; présentation de cas et photos de la pra-
tique clinique/de laboratoire - 1700 mots; notes expé-
rimentales et cliniques - 1300 mots; commentaires et
présentations de livres - 2000 mots; articles pédago-
giques - 4000 mots. Le volume des tableaux et des fi-
gures ne doit pas dépasser % du volume du manuscrit.
La revue se réserve le droit d'apporter toute autre mo-
dification de formatage. Les manuscrits rejetés ne sont
pas retournés.

Tous les manuscrits a publier doivent étre accom-
pagnés par deux résumés: dans la langue originale
et en anglais.

Titre et auteurs

Le titre doit étre le plus court que possible (maximum
- 120 signes avec espaces), éloquent pour le contenu
du manuscrit. Les noms des auteurs seront écrits com-
plets: prénom, nom (ex: Albert LEBRUN). Quant a l'af-
filiation, on devra indiquer: Section/ Départe-
ment/Chaire, Université/Hopital, Ville, Pays - pour
chaque auteur. Les données de I'auteur correspondant
etles coordonnées - adresse e-mail (ex: auteur corres-
pondant: Albert  Lebrun, e-mail: albert.le-
brun@gmail.com) seront obligatoires ci-dessous.

Structure du manuscrit
Le manuscrit comprendra les sous-titres suivants
(avec lettres majuscules):
— RESUME (voir les exigences ci-dessous)
— INTRODUCTION (reflétera l'actualité et
la présentation générale du probleme étudié, le
but et I'hypothése de 1'étude)
— METHODES
— RESULTATS

— DISCUSSIONS
— CONCLUSIONS
— CONFLIT D'INTERETS
— REMERCIEMENTS ET FINANCEMENT
— APPROBATION ETHIQUE (préciser la pré-
sence ou l'absence d'avis favorable du comité
d'éthique: no, date, institution et consentement
éclairé)
— REFERENCES
Le résumé contiendra 1600 signes avec espaces:
— Introduction
— Méthodes
— Résultats
— Conclusions
— Mots clés: 3-5mots.

Le résumé ne comprendra pas des tableaux, gra-
phiques et des notes bibliographiques; des informa-
tions non présentées dans I'étude.

Figures. Le texte inclus dans les figures doit étre écrit
avec police Cambria, taille 10 points. Chaque figure
doit étre accompagné par un titre et une légende. Ceux-
ci seront numérotés avec des chiffres arabes et men-
tionnés dans le texte entre parentheses (ex: fig. 1). Le
titre (ex: Figure 1) et la 1égende de la figure doivent
étre centrés, au-dessous de la figure.

Tableaux. Le texte inclus dans les tableaux doit étre
écrit avec police Cambria, taille 10 points. Chaque ta-
bleau doit étre accompagné par un titre. Les tableaux
seront numérotés avec des chiffres arabes, mentionnés
dans le texte entre parentheses (ex: tab. 1), et seront
insérés dans le texte, sans dépasser la largeur d'une
page. Le titre du tableau sera placé au-dessus du ta-
bleau, centré (ex: Tableau 1).

Les références doivent étre numérotées dans 'ordre
ou elles apparaissent dans le texte. La citation de la
source de référence sera de style AMA, placée a la fin
de I'article et n'inclura que des références citées dans
le texte (mentionnantle numéro de référence entre pa-
rentheses rondes). Si la méme référence est citée plu-
sieurs fois, elle sera transmise dans le texte avec le
méme numéro que celui de la premiére citation. Le
nombre total de références ne dépassera pas 50
sources. La responsabilité pour I'exactitude des don-
nées est a la charge de I'auteur. Il faut indiquer dans le
manuscrit seulement les références vraiment consul-
tées par les auteurs. Les composants des sources de ré-
férence doivent étre rédigés strictement selon les exi-
gences.

Pour plus d'informations, voir: http://journal.ohrm.
bba.md/index.php/journal-ohrm-bba-md/editing_
guidelines
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TPEBOBAHUA AJI11 ABTOPOB

IIpaBu/Ia cocraBjieHUs

[TogroToBka pykonucu (pa3paboTaHHOM Ha aHTJIHUM-
CKOM W QpaHIy3CKOM f3blKax) OyJeT OCyLeCTB-
JIITBCS B COOTBETCTBUH C UHCTPYKIUSAMH, Oy OJIUKO-
BaHHbIMU B: Uniform Requirements for Manuscripts
Submitted to Biomedical Journals (1994) Lancet 1996,
348, V2; 1-4 (www.icmje.org). ABTOpbI JOJKHBI UC-
nosb3oBaTh WpUT Cambria, pasmep 11 Touek, ¢ UH-
TepBasioM 1,0, BbIpaBHHBAHUE 10 LIMPUHE, [10JIF 2 CM
CO BCeX CTOpOH. Bce cTpaHHUIbI AOKHBI OBITH MPO-
HyMe-pOBaHbl 110C/eJ0BaTe/IbHO (B IPaBOM HM)XKHEM
yIJy) U BKJIOYATh HENPEPbIBHYIO HyMepalyio CTpa-
Hul. CoKpalleHUsl [AO0JDKHBI ObITh OO'bSICHEHbI MpPHU
MepPBOM IOSIBJIEHHH B TEKCTe U He I0JKHbBI UCIT0JIb30-
BaTbCcsl 4pe3MepHo. O6beM pyKomuced He AOJDKEH
npeBbllaTh (6e3 Ha3BaHWS, NMPUHAJJIENK-HOCTH, pe-
3I0Me Y JINTepaTyphl): AJs 0630pHBIX cTaTel/pede-
patoB — 4500 cyioB; /y1g Hay4YHbIX cTa-Ted — 3000
CJIOB; /151 9KCIIEPTHBIX 3aKItodeHui — 2500 c10B; s
Mpe3eHTal Uy CIy4YaeB U3 KIMHU-4eCKoH/1abopaTop-
HOM npakTuKU — 1700 c/10B; AJ151 9KCIePUMEHTAbHBIX
U KJIMHUYecKux 3aMeToK — 1300 coB; ajs peLieH3un
U npe3eHTanui KHUT — 2000 c10B; JJ1s y4eOHBIX CTa-
Ter — 4000 cyioB. O6'beM TAGJINIL U PUCYHKOB He JI0JI-
»KEH IMpeBBIATh Y3 oT o6beMa pykonucH. JKypHan
OCTaBJIsIeT 3a COGOM MPaBO BHOCUTH JIIOObIE Apyrue
n3MeHeHUs1 ¢opMaTupoBaHus. OTKIOHEHHbIE PYKO-
MKCH He BO3BPALIAIOTCS.

Bce pykomucH, mpeAcTaBJIeHHble AJA NMyGJIHKa-
MU, AO/KHBI COPOBOKAAThCSA JBYMA pe3loMe: Ha
s3bIKE OPUTHHA/Ia CTaThM W Ha aHIVIMICKOM
s3bIKE.

HasBaHue 1 aBTOpBHI

HasBaHMe JO/KHO OGBITh KaK MOXKHO Kopoye (MaKcu-
MyM - 120 3HAKOB c po6esiaMu), HO JI0C-TaTOYHO UH-
bopMaTUBHBIM s cofiepkaHus pykonucu. damu-
JIMM aBTOPOB 6yAyT HallMCaHbI OJHOCTbIO: UMS, da-
munusi (Hanpumep: WBan WBAHOB). Ipunapgnex-
HOCTb OyjerT BkJIlovaTh: Otgnenenue/ Jlemapra-
meHT/Kadenpa, YuuBepcuter /Bosbuuua, [opog,
CTpaHa Ji1s1 KaXA0ro aBTopa. JJaHHble COOTBETCTBYIO-
1lero aBTOpa M KOHTAaKTHass MHOp-Mauus — ajpec
3JIEKTPOHHOM NOYTHI (Hanpumep: KOHTaKTHast UHPOp-

MaLys: HNBaH HBaHOB. e-mail:
ivan.ivanov@gmail.com) 6ygyT 0653aTe/IbHO HUXe.
CTpykTypa Pykonucu

Pykomnuce 6yZieT BK/IIOYATh B ce6s caeAyolye no/3a-
roJIOBKH (OHH JJOJIXKHBI ObITh 3arJIaBHBIMU):
— PE3IOME (cM. TpeGoBaHUS HUXKeE)
— BBEJEHHUE (6yzeT oTpaaTb aKTyaJsb-HOCTb U
ob611lee pe/iCTaB/JeHre U3y4aeMoU IP0o6JieMbl, Lie/b
Y TUIIOTE3Y UCC/Ie0BAHMSA)
— MATEPHUAJIbI U METO/JbI
— PE3YJIbTATbI

- JUCKYCCHUHU

— BBIBOJbI

— KOH®JIUKT UHTEPECOB

— BJIATOAAPHOCTU U ®PUHAHCUPOBAHUE

— JTHUYECKOE OJOBPEHME (yka3aTb Hajlduyue

WJIM OTCYTCTBUE OZI06pEHUS CO CTOPOHBI KOMUTETA

no aTuke: N9, 1ata, yupexJeHre 1 UHPOPMHUPOBaH-

HOe CorJiacue)

— JIUTEPATYPA
Pe3ome fomxHO cofepaTh 1600 3HAKOB ¢ mpobe-
JIaMU Y OyJIeT BKJIIOYaTh B ce0s1 Cyie[yIoIHe 10A3aro-
JIOBKH:

— BseaeHue

— Marepuaabl U METOABI

— PesyabsTaTsl

— BbIBOABI

— Kinwo4esBsle cioBa: 3-5 0B
Pe3roMe He JIOJI’KHO BKJIFOYATh TAGJIUIIbI, AUArPAaMMbl
U 6ubsnorpadruyecKkde 3aMeTKH, HHPOP-MaIHI0, He
npeCTaBJIeHHYIO B UCC/IeJOBAHUU.
PucyHku (rpa¢uxy, guarpaMmmsbl). TEKCT, BKIOYEH-
HbI B PHUCYHKH, JJOJKeH ObITh HamucaH B Cambria,
pasMmep 10 nyHKTOB. Kakblii PUCYHOK JOJDKEH CO-
MPOBOXK/IAThCS 3ar0JIOBKOM M onucaHueM. HasBanue
(Hanpumep: PucyHok 1) u onrcaHue pUCyHKa JI0JI>KHbI
OBITH BIHMCAHBI MO LEHTPY, B HU3Y pUCyHKA. OHU
JIOJKHBI OBITh IPOHYMePOBaHbI apabCKUMHU U paMu
Y yKa3aHbl B TEKCTE B CKOOKax (Hanpumep: puc. 1).
Ta6aunpbl. TekcT, BKJIIOYEHHBIH B TaBJINIBI, JOTKEH
6bITh Hanucad B Cambria, pasmep 10 nyHkTOB. Kax-
Jlasi Tabsnna J0JKHA COMPOBOXK/IATHCS 3ar0JIOBKOM.
OHU [JOKHBI BCTABISATHCS B TEKCT, HE PEBBIIIAS ILIH-
puHy cTpaHunbl. Jlo/KHBI OBITh MPOHYMEPOBAHBI
apabckuMu nudpaMu U yKa3aHbl B TEKCTE B CKOOKaX
(Hanpumep: Ta6. 1). HasBaHue TabIMIbI JOTKHO pac-
noJsiaraThbcs HaZ, TabuuleH B neHTpe (Hanpumep: Ta6-
savna 1).
Jlutepatypa. UCTOYHMKHN [JO/DKHBI ObITH HPOHYMe-
POBaHBI B MOPSI/IKE UX MOSBJIEHUS B TeKCTe. CChLIKU
Ha WCTOYHUKHU JIO/DKHBI ObITh B cTuie AMA, nome-
IleHbl B KOHLE CTaTbU W BKJIOYATh TOJbKO HCTOY-
HUKU, [UTUPYeMble B TeKCTe (YIOMHHaHHWE HOMepa
HCTOYHHKA B KPYTJIbIX CKO6Kax). Eciu oUH U TOT ke
HCTOYHHK LIUTHUPYETCS HECKOJIBKO pas, OH OyJeT Ie-
peJlaH B TEKCTE C TeM Ke HOMEPOM, UTO U MepBbIH pas.
OO1ee KOJIMYECTBO UCTOYHUKOB HE JIOJKHO IMPEBBI-
maThb 50. OTBETCTBEHHOCTD 32 TOY-HOCTb JAHHBIX Jie-
KUT Ha aBTOpe. By lyT uTHpPO-BaThCSA TOJBKO TE UC-
TOYHUKH, C KOTOPBIMU 03HAKOMUJINCh aBTOPhI PYKO-
nucd. KoMIOHEHTbl CHpaBOYHBIX HCTOYHHUKOB
JIOJDKHBI OBITh HaNKMCaHbl CTPOTO B COOTBETCTBUMU C
Tpe6OBaHUSIMU.

JononnutenbHas uHbopmauusa Ha: http://journal
ohrm.bba.md/index.php/journal-ohrm-bba-md/edit-
ing_guidelines
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The One Health concept

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

= 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
E unpleasant conditions such as pain, fear and stress.

<

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,

Plant and
environmental health

the health of the population prevails.

Globally, the One 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 both 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.
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