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The Moldovan Association for Biosafety and Biosecurity (MDBBA) is a scientific

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

non-profit professional organization, created in 2017.

; ‘
|- <~ @ﬂ , / 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
N\ Mpge P / knowledge within professional and research-innovation groups.
B

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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Hamessing mulﬁdiscipﬁnary expertise to combat antimicrobial resistance: a

One Health approach for sustainable solutions

Gloria CORDOBA,

MD MPH PhD in Public Health and Epidemiology,
Senior scientific advisor for ICARS,

Denmark, Copenhagen

Antimicrobial resistance (AMR) poses a threat to globa[ health, thus requiring a collaborative eﬁfort
ﬁrom pvofessionals across diverse discip['mes to achieve opﬁma[ health outcomes for humans, animals,
plants, and the environment.

Therefore, it is essential to recognize that —eﬁ%cﬁve planning and imp[ementaﬁon of sustainable solu-
tions will only be achievable when multidisciplinary research teams, including expertise beyond
health sciences, such as implementation scientist and economists, are regarded as a primary source of

high-qua[i‘cy evidence rather than meve[y a supp[ementavy or unconventional approach to scienﬁﬁc
research.

For examp[e, a mu[tidisciplinavy and One Health appvoach involves not only creating a comprehen—
sive system for monitoring AMR trends in humans, animals, and the environment but also identify-
ing the most cost-effective methods, as well as understanding the factors that motivate various stake-
holders to change their behavior and provide high-quality, timely data. Besides, integrating findings
from cost-effectiveness studies into broader AMR programs, enables stakeholders to make informed
decisions that would optimize health outcomes while minimizing economic burdens.

The One Health and Risk Management jowmal promotes intevdisciplinary collaboration and sup-
ports innovative research within The One Health Field, paﬁicu[av[y Vegavding AMR. Thus, 1 would
like to s'mcevely congvatulate the co[leagues ﬁ'om Republic of Moldova fov their remarkable achieve-
ment in pu’o[ishing the fourth issue of this national jouma[. This initiative encourages collaboration,
stimulate innovative research, as well as contribute signiﬁcanﬂy to the overall glo’oa[ eﬁ‘oﬁs in tack-

['mg the AMR-velated cha“enges. Enjoy Veadmg a good compi[aﬁon of mu[ﬂdiscipﬁnary work.
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HAEMATOCOCCUS PLUVIALIS DERIVED ASTAXANTHIN - A POWERFUL BIO-
ACTIVE COMPOUND FOR VEGETABLE OILS
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Introduction. The beneficial effects on health result from the protective action of astaxan-
thin, (AXT) a powerful antioxidant capable of scavenging free radicals and protecting cells
from oxidative stress. The study aimed to evaluate the protective role of astaxanthin derived
from Haematococcus pluvialis in reducing the thermal oxidation of fatty acids in veg etable
oils.

Material and methods. Astaxanthin, obtained by extraction from the biomass of Haemato-
coccus pluvialis, at a concentration of 0.26-0.29 mg/mL, was added to olive, sunflower, al-
mond, walnut, sesame, and poppy seed oils. The progression of oxidation was monitored
based on the formation of conjugated dienes. The formation of conjugated dienes was moni-
tored spectrophotometrically.

Results. Astaxanthin reduced the content of conjugated dienes in sesame, almond, and wal-
nut oils by 30-34%. A strong antioxidant effect of AXT was noted in the case of poppy seed oil,
for which the formation of conjugated dienes was decreased by 42% and the oxidation was
delayed by 60 min when exposed to high temperatures compared to native oil. For sunflower
oil, which exhibited a high degree of thermal oxidation, addition of AXT reduced the for-
mation of conjugated dienes by 22% during the experiment.

Conclusions. Astaxanthin from Haematococcus pluvialis significantly reduced the formation
of conjugated dienes, indicating that it does not act as a prooxidant in various vegetable oils.

ASTAXANTINA DERIVATA DIN HAEMATOCOCCUS PLUVIALIS - UN PUTERNIC COMPUS
BIOACTIV PENTRU ULEIURILE VEGETALE

Introducere. Beneficiile astaxantinei (AXT) pentru sdndtate rezultd din actiunea sa protec-
toare. Acest antioxidant puternic neutralizeazd radicalii liberi §i protejeazd celulele impo-
triva stresului oxidativ. Studiul a avut ca scop evaluarea rolului protector al astaxantinei,
obtinute din Haematococcus pluvialis, in reducerea efectelor oxiddrii termice asupra acizilor
grasi din uleiurile vegetale.

Material si metode. Astaxantina, obtinutd prin extragere din biomasa de Haematococcus
pluvialis, a fost addugatd la uleiurile: de mdsline, floarea-soarelui, migdale, nuci, susan si de
mac in concentratia de 0,26-0,29 mg/ml. Evolutia procesului oxidativ a fost monitorizatd in
baza formdrii dienelor conjugate. Formarea dienelor conjugate a fost inregistratd spectro-

fotometric.

Rezultate. Astaxantina a redus cu 30-34% continutul dienelor conjugate in uleiurile de
susan, migdale si de nuci. Astaxantina a demonstrat un efect antioxidant semnificativ pentru
uleiul de mac, expus temperaturilor inalte, diminudnd formarea dienelor conjugate cu 42%
si amdndnd oxidarea cu 60 de minute, in comparatie cu uleiul netratat. Pentru uleiul de

floarea-soarelui, care a prezentat un grad ridicat de oxidare termicd, addugarea de AXT a

redus formarea dienelor conjugate cu 22%.
Concluzii. Astaxantina derivatd din Haematococcus pluvialis a redus semnificativ formarea
dienelor conjugate in diverse uleiuri vegetale, indicdnd lipsa efectului prooxidant.
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INTRODUCTION

Astaxanthin (AXT) is a xanthophyll carotenoid
with a unique molecular structure. This distin-
ctive structure imparts strong antioxidant prop-
erties to AXT, allowing it to function both inside
and outside the cell membrane (1). It has been
widely studied for its health benefits, including al-
leviating diabetes mellitus, neurodegenerative
and cardiovascular diseases, hepatic disorders,
and providing protection against various cancers.
These effects stem from its ability to scavenge
free radicals and shield cells from oxidative stress
(2,3).

One of the most recognized unconventional
sources of astaxanthin is the unicellular green
alga Haematococcus pluvialis, which can accumu-
late 1.5-3% pigment on a dry cell weight basis (4).
Astaxanthin, produced by H. pluvialis, is the main
natural source for human consumption. Due to its
high price and limited sources, AXT is not well-
known to consumers and is undervalued by food
manufacturers. The antioxidant potential of AXT
allows food technologists to offer a wide range of
functional foods (5, 6). Incorporating astaxanthin
into oils is a promising alternative to using this
pigment (7).

Haematococcus pluvialis, a unicellular green alga,
is a major natural source of astaxanthin, primarily
used for human consumption (4). Despite its high
price and limited sources, astaxanthin's antioxi-
dant potential makes it valuable in developing
functional foods (5, 6). Incorporating astaxanthin
into oils enhances oxidative stability, offering a
promising alternative for health-promoting food
products (7).

Vegetable oils have long been regarded as fun-
ctional foods and nutraceuticals, offering a variety
of beneficial effects on human health (8). For
example, olive oil is an essential component of the
Mediterranean diet and plays a crucial role in re-
ducing the incidence of cardiovascular diseases,
including myocardial infarction and stroke. Oleic
acid is the most abundant monounsaturated fatty
acid in olive oil, with its concentration ranging
from 56% to 84% of the total fatty acid content.
Tocopherols, hydrophilic and lipophilic phenols,
and other minor constituents account for 1-2%.
All these components help boost heart health (9).
Walnut oil is widely used in traditional medicine
and has become a popular dietary supplement in

many countries. Walnut-rich nutrition is viable to
prevent declining cholinergic function in the
brain and reduce oxidative stress in neurons by
activating antioxidant enzymes like superoxide
dismutase and glutathione peroxidase (10). Re-
search is being conducted to identify the mecha-
nism of action of the oil as a valuable supplement
in treatment of multiple sclerosis (11). In addition
to its antioxidant activity, walnut oil significantly
decreases serum tumor necrosis factor-o, inter-
leukin-6, and IL-1f levels, improving the anti-in-
flammatory ability and generating anti-inflamma-
tory compounds by restoring bacterial balance
(12). The protective effects of sesame oil are ma-
nifested through the reduction of proinflamma-
tory cytokines (11). Poppy seed oil can improve
the plasma lipid profile and the antioxidant status
of hepatocytes (13). Based on its fatty acid profile,
almond oil is also a nutraceutical product with no-
table antiatherosclerotic, antihepatotoxic, and re-
generative effects in humans (14, 15). Functional
foods are defined as foods consumed as part of a
normal diet that contain biologically active com-
ponents (whether added or naturally present)
with the potential to improve health and/or re-
duce the risk of disease (16). Vegetable oils are an
excellent source of bioactive compounds that can
be utilized in the nutraceuticals and functional
foods field (17).

Incorporating natural bioactive into traditional
foods to create new functional foods (such as oils,
beverages, baked goods, and dairy products) is a
rapidly growing global market (18). In the com-
mercial segment of functional foods, the category
of vegetable oils is experiencing the fastest
growth. Consequently, a recent study has focused
on the potential of astaxanthin as a natural addi-
tive of health-promoting compounds, useful for
production of functional foods. Thus, the combi-
nation of linseed oil and astaxanthin can mitigate
the effects of oxidative stress and reduce inflam-
matory processes, positioning itself as a fun-
ctional food to prevent cardiovascular diseases
(19).

Vegetable oils have been studied as solvents and
stabilizers for astaxanthin obtained from natural
sources. Vegetable oil may be one of the factors
responsible for the increased bioavailability of
astaxanthin, thus defining the application areas of

the final product (20).
°1
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Incorporating natural astaxanthin into vegetable
oil leverages astaxanthin's potent antioxidant
properties, without pro-oxidant effects. This com-
bination can substantially inhibit the oxidation of
oils. Considering astaxanthin's potential to im-
prove the oxidative stability of vegetable oils, this
study aimed to evaluate its antioxidant effect
when added to various vegetable oils.

MATERIAL AND METHODS

The biomass of unicellular green alga Haemato-
coccus pluvialis CNMN-AV-05 strain, deposited in
the National Collection of Nonpathogenic Micro-
organisms (Technical University of Moldova, In-
stitute of Microbiology and Biotechnology, Chis-
inau, Moldova) served as a source of astaxanthin.
The microalga was cultured in a mineral medium
with the following composition (in g/L): NaNO3 -
0.3; KH2PO4 - 0.02; K;HPO4 - 0.08; NaCl - 0.02;
CaClz - 0.05; MgSO4'7H20 - 0.01; ZHSO4‘7H20 -
0.0001; MnSO4+5H,0 - 0.0015; CuSO4+5H.0 -
0.00008; H3BO3 - 0.0003; (NH4)6M07024'4H20 -
0.0003; FeCls-6H20 - 0.0175; Co(NO3)2-6H,0 -
0.0002; EDTA - 0.0075; at a temperature of 26°C,
under constant illumination of 28 umol m-2 s-1
with periodic stirring for the first ten days of cul-
tivation. Astaxanthin production was induced by
excessive illumination at 56 pmol m™?s™* for 72
hours.

H. pluvialis biomass consisting of aplanospores
(red cysts) was separated from the culture liquid
by centrifugation for 5 min at 1500 g, and the cell
pellet was disrupted by microwave treatment at
450 W for 120 seconds. To extract astaxanthin, 10
mg of the prepared biomass was mixed with 5 mL
of 96% ethanol. The extraction process involved
continuous stirring at room temperature for 30
minutes.

The astaxanthin content was determined spectro-
photometrically at 478 nm. A calibration curve
was prepared using synthetic astaxanthin with
98% purity (Merck KGaA, Darmstadt, Germany)
over a concentration range of 0.5 to 4.0 pg/mL
(n=7). The linearity of the calibration curve was
confirmed with an r2 value of 0.999.

Vegetable oils from sunflower, almond, poppy
seeds, and walnut kernels were manufactured by
"INDUSTRY INVESTMENT" SRL, Chisinau, Repub-
lic of Moldova. Sesame oil was produced by "Con-
diprod-Com" SRL, Ukraine, and olive oil-by "Hel-
com," Portugal.

To solubilize astaxanthin in oils, 100 mL of an oil
suspension with 1.0 g of MW-treated biomass was
prepared and stirred at room temperature for
180 minutes. The oils were then separated from
the remaining biomass by decantation. The
amount of astaxanthin in oils was determined
spectrophotometrically and recalculated accor-
ding to the calibration curve.

The presence of astaxanthin in oils was confirmed
by recording absorption spectra with the deter-
mination of the specific maximum of astaxanthin
at a wavelength of 482-484 nm.

In this study, lipid oxidation was induced by
maintaining the samples at a temperature of 60°C
in the dark. The formation of conjugated dienes
was monitored using spectrophotometry. Vegeta-
ble oils were diluted with hexane at a ratio of
1:600 (v/v). The absorbance of these diluted oil
samples was measured at 234 nm. Changes in ab-
sorbance values were recorded as indicators of
diene formation (17).

The investigations were conducted in three inde-
pendent experiments. The results were statisti-
cally analyzed by calculating the arithmetic mean,
standard error, and confidence interval, using the
parametric t-test with a significance level of
p<0.05.

RESULTS

Astaxanthin obtained from H. pluvialis biomass
was supplemented with vegetable oils in concen-
trations of 0.26-0.29 mg/mL. The temperature of
60°C, chosen as the inductor of the oxidation pro-
cess, caused a slow process of fatty acid oxidation
when exposed to an oxidizing factor.

Figure 1 shows the spectra of oils before and after
solubilization of natural astaxanthin in them.

Vegetable oils with AXT exhibited absorption
peaks at 482-484 nm, indicating the solubiliza-
tion of astaxanthin in oils. These recorded absorp-
tion peaks are characteristic of the pigment. The
content of astaxanthin in oils ranged from 0.26
mg/mL in the case of sesame oil and olive oil (fig.
1D, 1B), 0.72 mg/ml in sunflower oil and almond
oil (fig. 1A, 1F) to 0.287-0.29 mg/mL in poppy
seed oil and wal nut oil (fig. 1E, 1C). In most cases,
the solubilization of astaxanthin in oils did not de-
pend on the degree of unsaturation.

|6
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Figure 1. Spectra of oils used to solubilize natural AXT from H. pluvialis: A - sunflower oil; B - olive oil;
C - walnut oil; D - sesame oil; E - poppy seed oil; F - almond oil; 1 - spectrum of native vegetable oil;
2 - spectrum of oil with solubilized natural astaxanthin.

Native vegetable oils and oils with solubilized na-
tural astaxanthin were subjected to lipid oxida-
tion. Vegetable oils and their mixtures with AXT
that have not passed the oxidation test are called
the zero variant. The change in the absorbance at
234 nm of oils in their native form was analyzed.
Within 30 min, the absorbance at 234 nm for the
oils under study did not change significantly. In

poppy seed oil, the content of conjugated dienes
increased by 16% (p<0.05). After 60 min, the sta-
bility of the olive oil was assessed. The content of
conjugated dienes in sesame and almond oils in-
creased by 18%, and in sunflower oil - by 14%.
The absorption value of poppy seed oil increased
by 26% at 234 nm. In the case of walnut oil, the

absorption increased by 68% (p<0.001).
1
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Figure 2. Changes in absorption data at 234 nm of vegetable oils subjected to a temperature of 60°C.

After 120 min of oil incubation at 60°C, the olive
oil remained the most stable, with an 18% in-
crease in absorbance at 234 nm. In sesame and al-
mond oils, the absorption value increased by 28%
and 64%, respectively. In the case of sunflower
and poppy seed oils, the absorbance at 234 nm
was doubled. A tripling of the content of conju-
gated dienes was recorded for walnut oil.

The duration of 180 min heat stress further in-
duced lipid oxidation, which in the case of walnut
and olive oils increased by another 45-54% com-
pared to the content of dienes determined after
an oxidation time of 120 min. The absorption
value of sesame and poppy seed oils increased by
60-70%. The content of conjugated dienes in sun-
flower oil increased by more than 100%. Almond

oil slowed the oxidation process, increasing the
absorbance at 234 nm by 33%.

Compared to the zero variant, vegetable oils sub-
jected to moderate heat stress accumulated con-
jugated dienes differently. Thus, the content of
conjugated dienes in walnut and sunflower oils
increased more than four times. In poppy seed oil,
the content of conjugated dienes increased by 3.7
times (p<0.001). In sesame and almond oils, ab-
sorbance at 234 nm increased by 2.17 (p<0.001)
- 2.19 (p<0.01) times. Olive oil turned out to be
the least susceptible to the oxidation process
caused by a temperature of 60°C, the increase in
the absorbance value at 234 nm was 1.7 times
(p<0.05).
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Figure 3. Changes in absorption data at 234 nm of vegetable oils with natural
astaxanthin subjected to a temperature of 60°C.
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Table 1. Fatty acid content (average values) in selected oils (8).

Unsaturated fatty acids, Saturated fatty acids,
The type of oil % total fatty acids % total fatty acids
18:1n9 18:2n6 18:3n3 n3 + né6 18:0 16:0
Sunflower 28 62 - 62 3 6
Olive 66 16 2 18 2 16
Walnut 11 66 10 76 3 7
Sesame seeds 42 41 - 41 6 10
Poppy seeds 12 74 - 74 2 10
Almond 67 23 - 23 3 7

Astaxanthin, derived from microalgae Haemato-
coccus pluvialis, has been added to vegetable oils
to monitor the pigment's ability to stop fatty acid
oxidation. During a 30-minute exposure at 60°C,
the absorbance at 234 nm for oils with the addi-
tion of AXT changed similarly to native vegetable
oils. The content of conjugated dienes in poppy
seed oil increased by 17% (p<0.05). Heat stress
exposure of oils with AXT for 60 min resulted in
absorption stability at 234 nm for sesame, olive,
and almond oils and a 24% (p<0.01) increase in
walnut oil. Sunflower and poppy seed oils, supple-
mented with AXT, slightly changed their absorb-
ance at 234 nm. After 120 min incubation at 60°C,
the excess of conjugated dienes in sunflower and
walnut oils was determined, while the absorption
value increased by 70% and 80%, respectively.

In oils with AXT, for which the oxidation process
started at a temperature regime of 60°C, the accu-
mulation of conjugated dienes occurred slowly.
The absorption value of poppy seed oil increased
by 31% (p<0.01) at 234 nm. In the presence of
astaxanthin, no doubling of conjugated dienes
content was observed during the 120-minute
heat stress accumulation period. Keeping vegeta-
ble oils with the addition of AXT for 180 min at a
temperature of 60°C led to the oxidation of fatty
acids with an increase in the absorbance value at
234 nm by 53% (p<0.001) in sesame oil and by
58% (p<0.05) in almond oil. In walnut and sun-
flower oils, the absorption value increased by
more than threefold. Olive oil was stable, content
of conjugated dienes was higher by 32% (p<0.05).

DISCUSSIONS

Vegetable oils examined as lipid carriers for
astaxanthin can be utilized to produce nutraceu-
ticals or AXT-based functional foods (21). The
varied content of fatty acids in oils diversifies and
enhances the nutraceutical component of oily

astaxanthin preparations, defining their applica-
tion areas. Among the identified fatty acids in wal-
nut oil (about 77%), a-linoleic acid (w-3) predo-
minated at 66% (tab. 1).

Poppy seed oil is characterized by having more
than 70% linoleic acid, and sunflower oil has over
62%. On the contrary, both olive and almond oils
are dominated by oleic acid (66-67% of the total
fatty acids). Sesame oil contains equal parts of
oleic acid and linolenic acid. The content of poly-
ene acids in vegetable oils is one factor that
largely determines the oxidation process with the
formation of conjugated dienes (22, 23). Among
the vegetable oils subjected to a long-term test
(63°C), rapeseed oil, containing up to 60% mono-
unsaturated fatty acids, was the least susceptible
to oxidation. Among the oils selected for the
study, the most resistant to thermal oxidation
were olive and almond oils with an oleic acid con-
tent of more than 65%, and sesame seed oil with
over 40% oleic acid (tab. 1).

In another study of the thermal stability of vege-
table oils, depending on their content of polyenoic
fatty acids, the thermal stability of native sun-
flower oil was compared with that of sunflower
oil with added oleic acid. The oils were exposed to
180-190°C for 8 hours over three days. The oil en-
riched with oleic acid showed better thermal sta-
bility than native sunflower oil (24).

When comparing oils that are rich in polyunsatu-
rated omega-6 and omega-3 fatty acids, such as
sunflower, walnut, and poppy seed oils, the oxide
tion of these oils occurred at different rates. Wal-
nut oil was the most prone to degradation pro-
cesses, likely due to the presence of 10% linolenic
acid. In our case, walnut oil had the highest values
of formed dienes. Some studies have established
that a determining factor in the intensity of oxida-
tive processes in this oil is the palmitic acid con-
tent (25). Therefore, the technological conditions
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affecting the fatty acid composition of this oil, are
important (26).

Native sunflower and poppy seed oils similarly
accumulated oxidative degradation products of
fatty acids. In the oxidation process of vegetable
oils at 180°C, sunflower oil exhibited the highest
levels of oxidative degradation products (27).
Poppy seed oil is considered stable against ther-
mal-oxidative stress (28). The inherent antioxi-
dants of the oils, those added for product preser-
vation, and the extraction method applied were
not considered (29). This assumption is sup-
ported by results showing the addition of
astaxanthin, which significantly reduced the oxi-
dation process in walnut, sunflower, and poppy
seed oils, with the latter showing the most favor-
able result: a reduction in conjugated diene con-
tent by 42% (p<0.01).

The lowest values of diene content in native veg-
etable oils subjected to oxidation were found in
olive, sesame, and almond oils (fig. 2). Olive oil
contains the lowest levels of polyunsaturated
fatty acids, followed by almond and sesame oils
(tab. 1). Olive oil is considered one of the most re-
sistant vegetable oils to high temperatures. These
properties are due to its low polyunsaturated acid
content (30) as well as the presence of antioxi-
dant components, the content of which depends
on the extraction techniques applied (31). Al-
mond oil has also proven to be resistant to hyper-
thermic conditions. Studies have shown that this
property depends on the origin of the almonds
(32). In the experiment, sesame oil demonstrated
stability against thermal oxidation, a known char-
acteristic of the oil (33). Adding astaxanthin to ol-
ive oil, almond, and sesame oils did not alter their
antioxidant properties, as they continued to ex-
hibit low levels of conjugated dienes (fig. 3).

Astaxanthin in the studied oils delayed the oxide

CONCLUSIONS

tion of fatty acids. In native oils, the accumulation
of conjugated dienes begins after 60 minutes of
hyperthermia (fig. 2), whereas in oils with added
astaxanthin, this process starts after 120 minutes

(fig. 3).

Adding pigment extracts from H. pluvialis to sun-
flower oil, significantly increased (p<0.05) its ox-
idation stability during short-term exposure of
180°C (34). Astaxanthin donates a hydrogen atom
to peroxyl radicals due to the presence of dihy-
droxyl groups in the 3-ionone rings (35). In sev-
eral edible oils, including sunflower, olive, and
mustard oils, subjected to thermal oxidation at
50-70°C, astaxanthin remains an active compo-
nent. However, a temperature of 180°C leads to
the degradation of the antioxidant (20).

Products of microalgae origin are being studied as
vegetable oil protectors. Microalga Nannochlo-
ropsis oculata in powder form added to soybean
oil inhibited its oxidation (36). A positive depend-
ence of the oxidative process in oils on the con-
centration of the added microalgae product has
been demonstrated. Thus, 5.0% microalgal pow-
der increased more than twice the stability index
of soybean oil subjected to oxidation at tempera-
tures of 120 and 130°C. Microalga N. oculata has
been proposed as an antioxidant additive to veg-
etable oils to prevent the generation of free radi-
cals during processing at high temperatures. Mi-
croalga Chlorella vulgaris, added to olive oil in
concentrations of 0.5, 1.0, and 1.5%, significantly
delayed the formation of oxidative degradation
products by 20-33% compared to industrial anti-
oxidants. The antioxidant effect of microalgae was
even higher than that of 3-carotene used as a con-
trol stabilizer (37). Microalgae-derived antioxi-
dants are starting to gain popularity in the pro-
cessing of functional and organic foods. Astaxan-
thin is included in the list of these antioxidants (9,
38).

1. Astaxanthin from Haematococcus pluvialis significantly reduced the formation of conjugated dienes,
indicating that it does not act as a prooxidant in various vegetable oils. The addition of astaxanthin
notably enhanced the thermal stability of oils, particularly those high in oleic acid. For example, the
formation of conjugated dienes decreased by 42% in poppy seed oil and by 30-34% in sesame, al-

mond, and walnut oils.

2. Olive oil showed the smallest increase in conjugated dienes when supplemented with astaxanthin,
even under high-temperature conditions, demonstrating that astaxanthin can modify the functional
properties of oils without acting as a pro-oxidant. Future studies should examine the long-term sta-
bility of enriched oils under various conditions and assess their sensory and nutritional impacts.
Exploring the combination of astaxanthin with other antioxidants could provide insights into de-
veloping more effective antioxidant systems for food applications.

|10



% OH R ONE HEALTH &
‘s &

RISK MANAGEMENT

VOL. 5, ISSUE 4
2024

CONFLICT OF INTERESTS

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

FUNDING ACKNOWLEDGEMENT

This research was funded by the Government of

REFERENCES

1.

Yuan JP, Peng ], Yin K, Wang JH. Potential health-
promoting effects of astaxanthin: A high-value ca-
rotenoid mostly from microalgae. Molecular Nutri-
tion & Food Research. 2011;55:150-165.
doi:10.1002/mnfr.2010004 14

McNulty HP, Byun ], Lockwood SF, Jacob RF, Mason
RP. Differential effects of carotenoids on lipid pe-
roxidation due to membrane interactions: X-ray
diffraction analysis. Biochimica et Biophysica Acta.
2007;1768(1):167-174.
doi:10.1016/j.bbamem.2006.09.010

Regnier F, Bastias ], Rodriguez-Ruiz V, Caballero-
Casero N, Caballo C, Sicilia D, Fuentes A, Maire M,
Crepin M, Letourneur D, Gueguen V, Rubio S,
Pavon-Djavid G. Astaxanthin from Haematococcus
pluvialis Prevents Oxidative Stress on Human
Endothelial Cells without Toxicity. Marine Drugs.
2015;13:2857-2874. doi:10.3390/md13052857
Sarada R, Tripathi U, Ravishankar GA. Influence of
stress on astaxanthin production in Haematococ-
cus pluvialis grown under different culture condi-
tions. Process Biochemistry. 2002; 37(6):623-627.
doi:10.1016/50032-9592(01)00246-1
Stachowiak B, Szulc P. Astaxanthin for the Food In-
dustry. Molecules. 2021;26(9):2666.
d0i:10.3390/molecules26092666

Yang Y, Kim B, Lee ]Y. Astaxanthin Structure, Me-
tabolism, and Health Benefits. Journal of Human
Nutrition & Food Science. 2013;1:1003:1-1003:11.
Available from: https://www.jscimedcentral.
com/public/assets/articles/nutrition-1-1003.pdf
[Accessed: July 30th 2024].

Xu J, Gao H, Zhang L, Chen C, Yang W, Deng Q,
Huang Q, Huang F. A combination of flaxseed oil
and astaxanthin alleviates atherosclerosis risk fac-
tors in high fat diet fed rats. Lipids in Health and
Disease. 2014;13:63. d0i:10.1186/1476-511X-13-
63

Morya S, Menaa F, Jimenez-Lopez C, Lourenco-
Lopes C, BinMowyna MN, Algahtani A. Nutraceuti-
cal and Pharmaceutical Behavior of Bioactive
Compounds of Miracle Oilseeds: An Overview.
Foods. 2022;11(13):1824.
doi:10.3390/foods11131824

Nocella C, Cammisotto V, Fianchini L, D’Amico A,
Novo M, Castellani V, Stefanini L, Violo F, Carne-
vale R. Extra virgin olive oil and cardiovascular
diseases: benefits for human health. Endocrine

Republic of Moldova, Ministry of Education and
Research, Research Subprogram 020101 “InBioS-
Innovative biotechnological solutions for agricul-
ture, medicine and environment”. Institutional fi-
nancing contract no. 4/FI of 22 February 2024.

Metabolic & Immune Disorders Drug Targets.
2018;18(1):4-13.
doi:10.2174/1871530317666171114121533

10. Liao ], Feng L, Chen Y, Li M, Xu H. Walnut oil pre-
vents scopolamine-induced memory dysfunction
in a mous model. Molecules. 2020;25(7):1630.
doi:10.3390/molecules25071630

11. Faraji F, Hashemi M, Ghiasabadi A, Davoudian S,
Talaie A, Ganji A, Mosayebi G. Combination ther-
apy with interferon beta-1a and sesame oil in mul-
tiple sclerosis. Complementary Therapies in Medi-
cine. 2019;45:275-279.
doi:10.1016/j.ctim.2019.04.010

12. MiaoF, Shan C, Shad SAH, Akhtar RW, Geng S, Ning
D, Wang X. The protective effect of walnut oil on
lipopolysaccharide-induced acute intestinal injury
in mice. Food Science & Nutrition. 2020;9(2):711-
718. d0i:10.1002/fsn3.2035

13. Fotschki B, Opyd P, Juskiewicz J, Wiczkowski W,
Jurgonski A. Comparative effects of dietary hemp
and poppy seed oil on lipid metabolism and the an-
tioxidant status in lean and obese zucker rats. Mol-
ecules. 2020;25(12):2921.
doi:10.3390/molecules25122921

14. Ahmad Z. The uses and properties of almond oil.
Complementary Therapies in Clinical Practice.
2010;16(1):10-12.
doi:10.1016/j.ctcp.2009.06.015

15. Sarkar SK, Miyaji T, Sasaki J, Biswas SN, Ali S, Salam
A. Fatty acid composition, physicochemical and
antioxidant properties of almond seed ( Terminalia
catappia L.) oil and its therapeutic uses. Journal of
Global Biosciences. 2020;9(5):7419-7433.
Available at: www.mutagens.co.in/jgb/vol.09/
05/090511.pdf [Accessed: January 05t 2024]

16. Gul K, Singh AK, Jabeen R. Nutraceuticals and func-
tional foods: the foods for the future world. Critical
Reviews in Food Science and Nutrition. 2016;
56(16):2617-2627.
doi:10.1080/10408398.2014.903384

17. Suarez M, Gual-Grau A, Avila-Roman ], Torres-
Fuentes C, Mulero M, Aragoneés G, Isabel Bravo F,
Muguerza B. Oils and oilseeds in the nutraceutical
and functional food industries. In: Lafarga T, Bobo
G, Aguil6-Aguayo |, eds. Oil and Oilseed Processing.
2021. doi:10.1002/9781119575313.ch11

18. Lourenco SC, Molddo-Martins M, Alves VD. Antio-
xidants of natural plant origins: From sources to

11|



4 OH.R

ONE HEALTH &

RISK MANAGEMENT

VOL. 5, ISSUE 4
2024

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ludmila RUDI, SCOPUS ID: 55681134100; WoS Researcher I1D:

food industry applications. Molecules. 2019;
24:4132. d0i:10.3390/molecules24224132

Xu], Rong S, Gao H, Chen C, Yang W, Deng Q, Huang
Q, Xiao L, Huang F. A combination of flaxseed oil
and astaxanthin improves hepatic lipid accumula-
tion and reduces oxidative stress in high fat-diet
fed rats. Nutrients. 2017;9(3):271.
doi:10.3390/nu9030271

Rao AR, Sarada R, Sarada R, Ravishankar GA. Sta-
bilization of astaxanthin in edible oils and its use
as an antioxidant. Journal of the Science of Food and
Agriculture.2007;87:957-
965.d0i:10.1002/jsfa.2766

Yang L, GuJ, Luan T, Qiao X, Cao Y, Xue C. Influence
of oil matrixes on stability, antioxidant activity, bi-
oaccessibility and bioavailability of astaxanthin
ester. Journal of the Science of Food and Agricul-
ture. 2021;101(4):1609-1617.
doi:10.1002/jsfa.10780

Miraliakbari H, Shahidi F. Oxidative stability of
tree nut oils. Journal of Agricultural Food and Che-
mistry. 2008;56:4751-4759.
doi:10.1021/jf8000982

Maszewska M, Florowska A, Dluzewska E,
Wroniak M, Marciniak-Lukasiak K, Zbikowska A.
Oxidative Stability of selected Edible Oils. Mole-
cules. 2008;23(7):1746.
d0i:10.3390/molecules23071746

Ali MA, Najmaldien AHA, Latip RA, Othman NH,
Majid FAA, Salleh LM. Effect of heating at frying
temperature on the quality characteristics of reg-
ular and high-oleic acid sunflower oils. Acta Scien-
tiarum Polonorum. Technologia Alimentaria. 2013;
12(2):159-167. Available at: https://www. food.
actapol.net /volume12/ issue2/3_2_2013. pdf [Ac-
cessed: June 03th 2024].

Ampofo ], Grilo FS, Langstaff S, Wang SC. Oxidative
Stability of Walnut Kernel and Oil: Chemical Com-
positions and Sensory Aroma Compounds. Foods.
2022;11:3151. doi:10.3390/foods11193151

Li H, Han ], Zhao Z, Tian ], Fu X, Zhao Y, Wei C, Liu
W. Roasting treatments affect oil extraction rate,
fatty acids, oxidative stability, antioxidant activity,
and flavor of walnut oil. Frontiers in Nutrition.
2023;9:1077081.
doi:10.3389/fnut.2022.1077081

Amin MA], Ali Abbas M, Shamsul AM, Aktarun N,
Sook Chin C. Oxidative degradation of sunflower
oil blended with roasted sesame oil during heating
at frying temperature. Grain & Oil Science and
Technology. 2023;6(1):34-42.
doi:10.1016/j.gaost.2022.11.004

Cibulkova Z, Certik M, Dubaj T. Thermooxidative

Vera MISCU, SCOPUS ID: 55681134100

Date of receipt of the manuscript: 09/06/2024
Date of acceptance for publication: 29/09/2024

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

stability of poppy seeds studied by non-isothermal
DSC measurements. Food Chemistry. 2014;
150:296-300.
doi:10.1016/j.foodchem.2013.11.011

Dabrowski G, Czaplicki S, Konopka I. Composition
and quality of poppy (Papaver somniferum L.) seed
oil depending on the extraction method. LWT-
Food Sciences and Technology. 2020;134:110167.
doi:10.1016/j.lwt.2020.110167

Lee ], Lee Y, Choe E. Temperature dependence of
the autoxidation and antioxidants of soybean, sun-
flower, and olive oil. European Food Research and
Technology. 2007;226:239-246.
doi:10.1007/s00217-006-0532-5

Conte L, Milani A, Calligaris S, Rovellini P, Lucci P,
Nicoli MC. Temperature Dependence of Oxidation
Kinetics of Extra Virgin Olive Oil (EVOO) and Shelf-
Life Prediction. Foods. 2020;9(3):295.
doi:10.3390/foods9030295

Sidhu AR, Naz S, Mahesar SA, Kandhro AA, Khas-
kheli AR, et al. Effect of storage at elevated temper-
ature on the quality and stability of differrent al-
mond oils: a comprehensive study. Food Materials
Research. 2023;3:30.
doi:10.48130/FMR-2023-0030

Abou-Gharbia H.A, Shehata A, Shahidi F. Effect of
processing on oxidative stability and lipid classes
of sesame oil. Food Research International. 2000;
33:331-340. doi:10.1016/5S0963-9969(00)00052-1
Wang L, Yang B, Yan B, Yao X. Supercritical fluid
extraction of astaxanthin from Haematococcus plu-
vialis and its antioxidant potential in sunflower oil.
Innovative Food Science and Emerging Technolo-
gies. 2012;13:120-127.
doi:10.1016/j.ifset.2011.09.004

Naguib YM. Antioxidant activities of astaxanthin
and related carotenoids. /| Agric Food Chem.
2000;48:1150-4. doi:10.1021/jf991106k

Lee YL, Chuang YC, Su HM, Wu FS. Freeze-dried mi-
croalgae of Nannochloropsis oculata improve soy-
bean oil's oxidative stability. Applied Microbiology
and Biotechnology. 2013;97:9675-9683.
doi:10.1007/s00253-013-5183-4

Alavi N, Golmakani MT. Improving oxidative sta-
bility of virgin olive oil by addition of microalga
Chlorella vulgaris biomass. Journal of Food Science
and Technology. 2017;54:2464-2473.
doi:10.1007/s13197-017-2689-2

Begum H, Yusoff FM, Banerjee S, Khatoon H, Shar-
iff M. Availability and Utilization of pigments from
Microalgae. Critical Reviews in Food Science and
Nutrition. 2016;56(13):2209-2222.
doi:10.1080/10408398.2013.764841

AAY-3219-2020

|12



4 OHR

ONE HEALTH &

VOL. 5, ISSUE 4
RISK MANAGEMENT

2024

& MEDICAL
SCIENCES

ENHANCING SEXUAL AND REPRODUCTIVE HEALTH LITERACY AMONG
LOCAL AND REFUGEE YOUTH IN MOLDOVA: A COMMUNITY-ENGAGED DIG-

ITAL HEALTH INITIATIVE

Camille THOMAS!", Svetlana COCIU2", Angela CAZACU-STRATU23", Vesel QASIMI3", Maria CHAVEZ3",
Serghei CEBANU2", Sara L NAM*

1Association INTERSOS Moldova, Independent Consultant, Toronto, Canada

2Nicolae Testemitanu State University of Medicine and Pharmacy, Chisinau, Republic of Moldova
3Association INTERSOS Moldova, Chisinau, Republic of Moldova

4Association INTERSOS Moldova, Independent Consultant, Annecy, France

Corresponding author: Svetlana Cociu, e-mail: svetlana.cociu@usmf.md

DOI: 10.38045/0hrm.2024.4.02

CZU: [612.6+613.88+314.745.22](478)

Keywords:  adoles-
cents, sexual and re-
productive health,
digital app, health-
care access, qualita-
tive and quantitative
study.

Cuvinte-cheie: ado-
lescenti, sdandtate sex-
uald si repro-ductivd,
aplicatie digi-tald, ac-
ces la asistentd medi-
cald, studiu cali-tativ
si cantitativ.

Introduction. Despite progress in sexual and reproductive health (SRH) in Moldova, ado-
lescents still face barriers accessing accurate health information and services. To address
these issues, a digital resource called the YK App was developed to enhance health literacy
and healthcare access for Moldovan and refugee youth. Material and methods. Three re-
gional focus group discussions were conducted with 50 youths aged 15-24, including Ukrain-
ian refugees. These discussions, held in multiple languages, explored participants' SRH
knowledge, information sources, barriers, and enablers. Qualitative data and socio-demo-
graphic profiles were analyzed thematically and descriptively. Results. Participants rely
strongly on social media for SRH information, but identified significant gaps in their aware-
ness, particularly on contraception, sexually transmitted infections, puberty and menstrua-
tion. While healthcare professionals are seen as credible sources, shame and fear of rejection
often prevent direct involvement with healthcare services. Anonymity, confidentiality, and
use of digital platforms were identified as key facilitators for accessing SRH information.
Conclusions. The findings emphasize the potential of a digital, youth-focused SRH resource
that adolescents can use independently. Key elements should include clear, easy-to-under-
stand formats such as audio and video content, and collaboration with health professionals
and official health organizations to ensure credibility.

IMBUNATATIREA NIVELULUI DE CUNOSTINTE IN DOMENIUL SANATATII SEXUALE SI
REPRODUCTIVE AL TINERILOR AUTOHTONI SI AL CELOR REFUGIATI IN REPUBLICA
MOLDOVA: O INITIATIVA DIGITALA COMUNITARA

Introducere. Desi au fost realizate progrese in domeniul sdndtdtii sexuale si reproductive
(SSR) in Republica Moldova, adolescentii continud sd se confrunte cu dificultdti in accesarea
informatiilor corecte si a serviciilor de sdndtate. Pentru a rdspunde acestor provocdri, a fost
dezvoltatd YK App, o resursd digitald menitd sd sporeascd nivelul de alfabetizare in domeniul
sdndtdtii si accesul la asistentd medicald pentru tinerii moldoveni si cei refugiati. Material
si metode. S-au selectat 3 grupuri-tintd regionale, constituite din 50 de tineri cu vdrste intre
15-24 ani, inclusiv refugiati ucraineni. Discutiile, desfdsurate in mai multe limbi, au explorat
cunostintele participantilor despre SSR, sursele de informatii, barierele si factorii facilitatori.
Datele calitative si profilurile socio-demografice au fost analizate tematic si descriptiv. Re-
zultate. Tinerii se informeazd preponderent pe retelele sociale despre SSR, insd cunostintele
lorvizdnd, in special, problemele legate de contraceptie, infectii cu transmitere sexuald, pu-
bertate si menstruatie prezintd lacune substantiale. Desi specialistii din domeniul sdndtdtii
sunt recunoscuti ca fiind niste surse credibile, rusinea si teama de respingere ii descurajeazd
pe tineri in a se implica direct in solutionarea problemelor cu care se confruntd. Anonimatul,
confidentialitatea si platformele digitale au fost identificate ca principale bariere in accesul
la informatii. Concluzii. Datele obtinute relevd potentialul impactului pe care il pot exercita
resursele digitale SSR asupra tinerilor. Continuturile formulate clar, usor de inteles (audio si
video), colaborarea cu profesionisti din domeniul sdndtdtii si cu organizatiile oficiale vor
servi drept elemente-chei in asigurarea credibilitdtii.
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INTRODUCTION

Sexual and reproductive health is a lifelong con-
cern for both women and men, from infancy to old
age, with significant implications for health in
later stages of life (1). Recent figures from the UN
Population Fund indicate that 1,8 billion adoles-
cents, aged 10-19 years comprise over 16% of the
global population (2). However, many young peo-
ple face limitations due to social norms, cultural
attitudes, institutional and structural barriers,
and violations of their fundamental rights based
on age. This issue is underscored in a report by
the High Commissioner for Human Rights on
youth and human rights (2).

The Republic of Moldova faces significant demo-
graphic and social challenges, particularly con-
cerning its youth population. According to the Na-
tional Bureau of Statistics (3), 17% of Moldovans
are between 10 and 24 years old, and 11% are ad-
olescents aged 10 to 19. Also, there is a high ado-
lescent birth rate of 22.4 per 1,000 women aged
15 to 19, with more than 12% of these young
women being married before turning 18 years
old.

Recognizing these issues, the Moldovan govern-
ment has prioritized youth-friendly health ser-
vices. This focus is particularly crucial given the
health crises in neighboring regions and the re-
cent influx of Ukrainian refugees. As of April 14,
2024, nearly 120,000 refugees from Ukraine have
been recorded in Moldova by the UNHCR, with the
majority being female (60%) and children (52%)
(4). This places additional pressure on Moldova's
healthcare and social services, highlighting the
urgent need for effective youth-focused interven-
tions and support systems.

In the Republic of Moldova, sexual and reproduc-
tive health rights were recognized as a priority in
1994 after the International Conference on Popu-
lation and Development in Cairo. The National Re-
productive Health Strategy (2005-2015) man-
dated a life skills-based education course includ-
ing SRH topics in schools, but only some SRH top-
ics are covered so far in schools in the optional
health education courses (5). An assessment of
sexuality education conducted in 2021 found that
there was full compliance of the integration of a
comprehensive sexuality education into the na-
tional curriculum among only 28% of schools. Alt-
hough this was more than a doubling from 12% in
2017, it still represents a considerable gap in

meeting the informational needs on sexuality ed-
ucation for young people (6, 7). The authors’ rec-
ommendations include the need align compre-
hensive sexuality education program in schools
programs to international standards; strengthen
referral and cooperation with youth-friendly ser-
vices and invest in literacy regarding the benefits
of sexuality education.

In response to meeting the SRH needs of adoles-
cents and young people including refugees, the
non-governmental organization, INTERSOS, in
partnership with Neovita and Nicolae Testemi-
tanu State University of Medicine and Pharmacy,
Department of Preventive Medicine and other in-
stitutions, is implementing the "Community Par-
ticipatory Digital Health Initiative". The initiative
aims to identify ways to make SRH healthcare,
services and information more accessible to ado-
lescents and young adults, and to reduce barriers
such as cost, geography, language, and anonymity.
At the outset, a stakeholder meeting was held in
Chisinau in May 2023, to consult with health im-
plementers, donors, UN agencies, youths, non-
governmental organizations and health providers
to discuss the potential of an online application
(the YK App) to achieve this aim. The potential for
an App was agreed on, and the need to involve ad-
olescents and young adults in the design and con-
tent of the App was agreed.

The aim of the study was to explore the adoles-
cents’ SRH needs in terms of knowledge and
healthcare and develop a YK App among local and
refugee youth.

MATERIAL AND METHODS

Study population

In total 50 young people, including refugees aged
15-24 were recruited. The recruitment process
involved volunteers from the Neovita Youth
Klinic Network and Nicolae Testemitanu State
University of Medicine and Pharmacy.

Study tools

This was a qualitative study, but quantitative data
were collected fully anonymously to describe the
socio-demographic profile of respondents. Focus
Group Discussions (FGD) were led by using the
research study guide developed collaboratively
by researchers from Nicolae Testemitanu State
University of Medicine and Pharmacy of the
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Republic of Moldova, INTERSOS, Neovita, and in-
ternational SRH specialists. The guide covered
questions related to young peoples’ opinions
about access to sexual and reproductive health in-
formation and services; previous experiences
with and perspectives on using digital health
technologies to increase health literacy and
health care access; and recommendations for the
creation of a successful mobile health App for
young people. For the quantitative part - all par-
ticipants completed a short socio-demographic
information to allow us to describe some charac-
teristics of the participants. Recognizing the po-
tential biases of having both older and younger
adolescents and youths from different back-
ground in the same group discussions, each FGD
started with an ice-breaker activity. At the end of
the FDG all the participants completed a short
anonymous questionnaire to assess potential fac-
tors that may have either inhibited some partici-
pants from contributing to the discussion or may
have caused them to provide acquiescent re-
sponses due to social acceptance or similar bi-
ases.

Data collection

Two experienced researchers with SRH expertise
led 3 FGDs in each region (North, Center and
South). Each FGD was composed of 8-16 partici-
pants and lasted between 90 to 120 minutes.
FGDs were conducted in Romanian, Russian, or
both languages. Each participant received a
unique code which was used in discussions to
anonymize the transcript. The FGDs were coded,
audio-recorded with the agreement of the partic-
ipants, manually transcribed, translated from Ro-
manian and Russian to English for analyses.

Data analysis

Quantitative analysis was conducted using Excel
2020. Qualitative analyses were performed the-
matically, a coding scheme was built up induc-
tively from the dataset and was applied to inter-
view transcripts. New codes were added ifa novel
theme emerged that was not captured by the cur-
rent coding scheme. The coding process was dy-
namic and collaborative; workshops were con-
ducted with the researchers who collected the
data in order to validate the themes.

Ethics approval

All participants were informed that their involve-
ment would remain confidential and anonymous,
as well as entirely voluntary. Signed informed
consent was obtained from all participants over
the age of 18. For participants under 18 years old,

the signed informed consent was obtained from
the guardians and verbal assent was obtained
from the participants, and confirmed prior to
each FGD. Ethics approval was also obtained.

RESULTS

Socio-demographic characteristics

Participants of both genders were included in
equal proportions (tab. 1). Half of the participants
were aged 15-16 years old (50%), and 28% were
aged 17-18 years old, and 22% were aged 19-24
years old (fig. 1).

Table 1. Participants distribution by regions
and gender.

Female  Male Total
N % N % N %
FGD1(South) <5 10 <5 6 8 16

FGD2 (Centre) 8 16 8 16 16 32
FGD 3 (North) 12 24 14 28 26 52

Total 25 50 25 50 50 100

Country regions
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Figure 1. Age group distribution
of participants, %.

Two thirds (72%) of the participants were Moldo-
van citizens, and 22% were refugees or asylum
seekers. For fist language, one third of the partic-
ipants (36%) spoke Romanian, 44% - Russian,
and 16% - Ukrainian. Nearly all participants
spoke Russian (82%) and one third also spoke
English. The analysis of participants' educational
levels reveals that a significant portion (56%)
completed secondary education, followed by 22%
with primary education and 16% with higher ed-
ucation. Among the refugee participants (n=11),
one-third reported living in Moldova for two
years, while another third had been there for

more than one year (tab. 2).
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Table 2. Socio-demographic characteristics of the respondents.

Statute N % Education N %
Other <5 4  No formal education <5 6
Citizen of Moldova 36 72  Primary education 11 22
Refugee 10 20  Secondary education 28 56
Resident <5 2 Higher education 8 16
Asylum seeker <5 2
Mother tongue Length of residence in Moldova (referring to refuges)
Russian 22 44  1years. <5 36
Romanian 18 36 1,5years <5 18
Ukrainian 8 16 2 years <5 36
Other (list) <5 4  1lyears <5 9
Most common languages spoken Employment status
English 17 34  Employed 8 24
Russian 41 82  Unemployed 25 76
Romanian 21 42

Popular Apps and websites used by young peo-

ple

When asked about the most popular Apps or web-
sites which young people use, nearly all partici-
pants mentioned social media, including Insta-
gram, TikTok, Facebook, YouTube, WhatsApp,
and Telegram. Social media was seen not only as
a platform for entertainment and communication,
but also as educational, particularly in the areas
of sexual and reproductive health: ("In Instagram,
you can also communicate with acquaintances,

engines, particularly for homework or when

searching for health-related information. One
participant suggested that as people age, they
might be more inclined to use search engines or
health-specific sites: "We could categories infor-
mation by age; I think for the younger ones, it
would be TikTok and Instagram, and as we age, Fa-
cebook becomes more prevalent. Additionally, indi-
viduals over 18 tend to search on Google or various
sites managed by doctors or hospitals, for example,
in Romania, the website of Regina Maria Hospital
provides information on various health aspects.”

friends, as well as find entertaining videos and in-
teresting facts" (Male, aged 19-24); "Personally, |
use websites containing information about SRH,
YouTube, and other related sites with articles cov-
ering various aspects of SRH. On YouTube, I follow
different channels run by doctors, gynecologists,
urologists, etc, providing information and an-
swers.” (Male, aged 19-24).

The features that made certain Apps most appeal-
ing were explored throughout discussions. A com-
mon theme was the ability to find information
easily and concisely on social media. Several par-
ticipants enjoyed short videos as a medium to ob-
tain information: "I could say about TikTok that it
is one of the most accessible platforms. The fact
that there are short videos makes the information
concrete, strictly on the subject, and if you have a
specific question, you can receive an answer in a
very short time." (Female, aged 19-24). Some par-
ticipants discussed the ease of accessibility and
navigation as other important features. Several
participants cited using Google or other search

(Female, aged 19-24).

In terms of health-specific Apps, several female
participants use Apps to track their menses, in-
cluding ‘Flo’ App or other Apps of daily step
counts or sleep monitoring.

Topics young people want to know more about
Different SRH topics that young people felt were
most important and wanted to learn more about
were explored. Sex, sexually transmitted infec-
tions, and contraception were commonly dis-
cussed topics. As noted by one participant, these
topics are considered taboo and ones which many
young people did not know much about ("This
topic is considered taboo among young people of
our age. Adolescents often seek information about
contraception, [...] the band STI, and their first sex-
ual experience.” (Female, aged 15-18); "They may
seek information about contraceptive methods and
how to use them, such as emergency contraception
like the morning-after pill, which many may not be
familiar with." (Female, aged 15-18).
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Discussions particularly emphasized a significant
knowledge gap regarding different forms of con-
traception and their correct application, including
the use of emergency contraception. One partici-
pant discussed wanting to know more about
"what to do to terminate a pregnancy in the early
hours" (Female, aged 15-18), and another dis-
cussed wanting to "explore the potential use of
emergency contraception after each sexual en-
counter” (Female, aged 19-24). This suggests a
need for more education and information on con-
traception, as well as pregnancy termination.

Several participants expressed wanting to know
more about sexually transmitted infections, such
as HIV and syphilis, and how to protect against
these. Of note, not a single participant discussed
condoms, thus highlighting a gap in knowledge
around safer sex practices (‘dual contraception’)
to avoid both unwanted pregnancies and STI
transmission.

Both male and female participants discussed pu-
berty as an important topic. They were interested
in understanding the ways in which the body
changes during puberty and adolescence. One
participant noted that it was important for young
people to have a good understanding of puberty
“so that later on, many questions and problems
don't arise” (Male, aged 15-18).

Some male participants highlighted the need for
specific information on male puberty, including
around "nocturnal eliminations and morning erec-
tions". One male noted that boys received less
teaching on this topic as compared to girls, but,
like girls, required information on this topic
("Considering that this topic hasn't been ade-
quately addressed in our education system, espe-
cially with boys, there seems to be a small disparity
where boys are less informed compared to girls.
This highlights the need for more comprehensive
education for both genders." (Male, aged 19-24)).

Several females discussed menstruation, with one
participant saying it was "one of the most sought-
after subjects” (Female, aged 15-18). Many fe-
males felt this was an important topic, but one
that was embarrassing to discuss with parents ("I
think there were questions when I was younger
about menstruation when I didn't have it yet, and
it was interesting to me how and what it would be
like when it appeared. What to do with it because |
was embarrassed to ask my mom.” (Female, aged
15-18)). Another female participant discussed the

importance of “personal hygiene of one’s intimate
area”; again, it was noted that this was not a topic
which could be easily discussed with parents.

A few participants from both genders said that
SRH was not a topic in which everyone was inter-
ested. One noted that SRH remained an important
topic for young people, even for those who were
uninterested: ("Unfortunately, not many want to
know about this; many understand it quite subjec-
tively, and not everyone wants to be aware. How-
ever, it is a very important topic for defense against
infections."” (Male, aged 15-18)).

Sources of SRH information

The sources and methods through which young
people obtain information about sexual and re-
productive health (SRH) were discussed.

Most participants discussed health professionals,
including doctors, nurses, and gynecologists, as a
key source of SRH information. In general, the in-
formation received from health professionals was
seen as a trustworthy, due to their specialist
training and education. One participant discussed
that although the internet could provide “vast
amounts” of information, a doctor or health spe-
cialist was need for reliable information. Simi-
larly, information coming from local health clin-
ics, the Ministry of Health, or international health
bodies, such as the World Health Organization,
was also seen as credible ("If the information is
published on the website of a gynecologist or an-
other medical professional, I consider it reliable.
However, if the information is written on sites like
‘Mail.ru’ by some man who talks nonsense, I do not
consider it correct because he is not a licensed doc-
tor." (Female, aged 15-18)). Of note, one partici-
pant shared an example of an experience of health
professionals being sources of misinformation:
"... there are also doctors spreading misinfor-
mation on websites, such as claims that vaccines
chip you or make you infertile. We strive to bring
correct information, even though they position
themselves as influential and experienced individu-
als.” (Female, aged 19-24).

Many participants highlighted social media as a
popular source for SRH information. Most
acknowledged that not all information on social
media was accurate, however many felt that they
could still use social media to find reliable infor-
mation. Some pointed to certain "influencers"
who were felt to have credible reputations (“So-
cial networks that we often use are in the middle;
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we often find accurate information, but there are
also cases of false data.” (Female, aged 19-24); "...
for example, on platforms like Telegram or Insta-
gram, there is a diversity of opinions. Different in-
dividuals can express their views, but there are
those with a certain reputation, and we often listen
to them." (Male, aged 19-24)).

Participants also discussed that social media al-
lowed them to subscribe to SRH information from
credible sources, such as health professionals ("I
use Instagram because I can subscribe to pages
managed by gynecologists or other individuals dis-
cussing sexual education, hygiene, menstruation,
pregnancy, etc. The information is presented con-
cisely, clearly, and comprehensively." (Female,
aged 19-24)). Search engines, particularly Google,
were also noted to be a common source of SRH in-
formation. One participant described Google as a
platform with "a wealth of information which is
easily accessible” (Male, aged 19-24).

Some felt that social media was not a credible
source and that "the internet does not always tell
the truth". Several young men expressed concern
with the anonymity of those positing on the inter-
net. One participant felt that publications were
more credible than information online, as it could
be verified ("On the internet, anyone can be who-
ever they want, often not revealing their true iden-
tity. This creates a false sense of security.” (Male,
aged 15-18)).

A common theme across all FGD was that corrob-
orating information from multiple sources made
it more credible. Many participants felt that social
media enabled them access to multiple sources of
information, allowing them to draw their own
conclusions (“We choose where to gather infor-
mation. For instance, I am subscribed to reliable
sources where I have seen that accurate infor-
mation is posted, including interviews with doctors.
However, I am aware that alongside these, there
are many unreliable sources." (Female, aged 19-
24); "For example, I listen to information from var-
ious places, and in the end, I draw my conclusions,
but the most credible sources for me are Instagram
and bloggers." (Female, aged 15-18)). In the male
only group, porn was mentioned as a source of
SRH information, but this was not elaborated on.

Participants reported having received some edu-
cation on SRH in school settings, typically inte-
grated within biology classes, with an emphasis
on puberty. However, they expressed discomfort

in discussing sexual and reproductive health
(SRH) with teachers, viewing the topic as particu-
larly taboo when addressed with older adults.
Some participants also commented that often the
teachers who provided the SRH curriculum were
older in age, with limited ability to provide up-to-
date and accurate information ("I think students
find it uncomfortable to talk to teachers |[...] Often,
they are put in situations to discuss these topics
with the class, and most of them are from the post-
Soviet era and may not be as open to discussing
these matters. It's difficult for them as they are not
experts in the field and can only provide general in-
formation that students already know. They may
struggle to provide more recent information.” (Fe-
male, aged 19-24)). Some participants discussed
that when they received SRH teaching from
younger teachers, they found it more relatable
and had more positive experiences.

Older siblings or peers with similar experiences
were often cited as a reliable source of infor-
mation, as they had "gone through similar situa-
tions". A few participants also mentioned their
parents, or specifically their mother, as a source
of information. However, most participants said
that they were embarrassed to discuss SRH topics
with parents (.. teenagers usually don't learn
from their parents. It's not easy for parents to talk
to their children about this. The information
mainly comes from other sources, like friends or the
internet ..." (Male, aged 15-18). Although partici-
pants felt comfortable talking to their peers or
older siblings, researchers leading the FGDs
noted that the information from these sources
was not always accurate.

Barriers to accessing SRH services or reliable
information

Participants were asked about things that make it
difficult for young people to access SRH services
or information.

Many participants expressed feeling fear and
shame in discussing SRH, which is considered a
taboo topic. In particular, participants worried
about being dismissed by health professionals,
teachers, or older adults, which was a barrier to
seeking care or information ("It's something inti-
mate, and when you want to address it with a doc-
tor or gynecologist and ask something, you feel
ashamed to tell them everything. You wonder, what
will the doctor think about you? You're not sure if
they'll understand the emotions you're experien-
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cing now.” (Female, aged 15-18)). For this reason,
many participants said they preferred to seek in-
formation from their peers or people closer to
their age, where they felt free to discuss more
openly.

Many participants described not knowing where
to seek reliable SRH information. They noted fre-
quent misinformation online; as a result, they said
they struggled to "differentiate and determine
what is correct and true”. Several participants dis-
cussed the importance of finding accurate infor-
mation that could help clarify common miscon-
ceptions, such as: "the misconception that using a
tampon means you re not a virgin or that you can't
get pregnant during menstruation” (Female, aged
19-24); "A problem I have encountered is that when
adolescents search for information about mastur-
bation on the internet, there is a multitude of mis-
information, such as claims that it causes blindness
or hair loss. Due to this, I believe that young people
need to know where to turn for accurate infor-
mation and have reliable sources available.” (Male,
aged 19-24).

Participants explained that sometimes when the
information was from what was considered a re-
liable source, the way it was presented was often
difficult to understand, for example in an aca-
demic paper or medical website. This was in con-
trast to social media, where information was pre-
sented concisely and clearly (“A significant issue is
that reliable sites with accurate medical data or
those based on scientific articles are often complex
and take time to understand. In contrast, social me-
dia platforms provide information briefly, making
it easier to comprehend, though not necessarily ev-
idence-based ..." (Female, aged 19-24)).

Some participants noted that less information
was available for males. They discussed that
teaching in schools often focused more on girls,
and that there was more information online for
women than men. Participants also discussed that
males were less likely to discuss SRH topics
amongst themselves as compared to females,
which further exacerbated the gendered infor-
mation gap ("Considering that this topic hasn't
been adequately addressed in our education sys-
tem, especially with boys, there seems to be a small
disparity where boys are less informed compared
to girls ..." (Male, aged 19-24)).

Some female participants reflected that men lack
knowledge about female SRH topics, such as men-

struation. Equally, there is a gap in female
knowledge around topics such as male condoms.
In general, FGDs highlight that SRH topics remain
gendered, and are not often discussed between
males and females ("On the internet, there is more
information available for women who are con-
cerned about their health. There are forums where
they discuss these topics, but men do not talk about
it much, only with each other. There is such a dif-
ference in women; they paraphrase the word ‘men-
struation’ into ‘guests from Krasnodar’, red days’,
and they feel intimidated if they experience leaks
[during menstruation]. Additionally, men feel in-
timidated to buy pads and contraceptives because
they believe others will judge them." (Female, aged
15-18)).

However, one male participant expressed a desire
for specific websites for men in order to improve
their understanding of female SRH topics, so that
"men can understand and not shame women" (Fe-
male, aged 15-18).

Enablers to SRH information and services
Participants were asked about things that make it
easier or could improve access to access SRH ser-
vices and information for young people.

Several participants discussed that confidential-
ity was important and could make it easier for
young people to access information and services.
Several participants felt that there should be
online platforms where young people could anon-
ymously chat with a specialist ("Not everyone feels
comfortable discussing their problems face-to-face.
Maybe they don't want their face to be seen.” (Male,
aged 19-24)).

Some participants also discussed that they saw
the use of websites and Apps as an opportunity to
improve access to SRH information and services.
These were seen as anonymous, accessible, and
convenient ways to access information. Nearly all
participants reported having daily access to the
internet on their phones or computers, which
they used to search for information.

Some participants wanted more sexual education
lessons in schools. A common theme was that par-
ticipants felt more comfortable receiving SRH in-
formation from people closers to their age. Addi-
tionally, many participants explained that they
would prefer to have health professional or health
specialists discuss sensitive SRH topics in schools.
They also expressed that they felt more comfort-
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table discussing these topics with the younger
teachers ("Teachers are already adults, and while
they share practical experiences, it's challenging
for us to talk to them about this topic as we don't
feel comfortable discussing such matters with older
individuals." (Male, aged 15-16)).

Awareness and experiences of SRH services
Awareness of SRH services was touched on only
briefly during the FGDs and will be explored in
more depth in the KAP surveys. Participants
noted a few youth-friendly SRH clinics, including
Neovita, which provided access to specialists, free
HIV testing, and free condoms.

In the other FGDs, few participants discussed hav-
ing sought SRH care themselves, other than for
mandatory medical examinations in school. These
examinations are typically a source of anxiety,
particularly for females, as there is a fear that
peers will compare their puberty development
amongst each other, and that peers will know
who is sexually active. One participant described
a "higher level of tension" between the teachers
and students during the mandatory medical ex-
amination at school.

Only one participant elaborated on an experience
accessing SRH outside of mandatory exams. She
reported having had a negative experience with a
gynecologist at a youth-friendly clinic; as a result,
she stopped visiting the clinic: "For example, when
I was in middle school, I reached out to the Youth-
Friendly Centre, which had access to a gynecol-
ogist. However, the communication style there was
vulgar, and after the first session, I left. This oc-
curred in my local area.” (Female, aged 19-24).

Given that very few participants had accessed
SRH services, this example of a negative experi-
ence at a youth clinic is particularly concerning.

Interest in a health App and concerns

Overall, participants felt there was a need for a
SRH App. When asked which features would be
most useful, a common theme was the option to
anonymously ask questions or discuss with a spe-
cialist. As discussed above, specialists were seen
as credible sources of information, and partici-
pants felt that anonymity could help improve ac-
cess. A few participants also suggested having
hotlines. Some participants requested that it
would be useful to have contact information for
local clinics ("... we desire an interactive applica-
tion with the ability to ask questions and receive

personalized answers, getting to know about exist-
ing centers.” (Male, aged 19-24)).

Many discussed the importance of using easily
understandable terms and presenting statistical
data clearly. Some highlighted the importance of
ease of navigation on the platform ("I view the cre-
ation of an application very positively, with clear
and accessible statistical data, easy to understand.”
(Female, aged 19-24)).

Several participants suggested having audio and
video content, including doctors or specialists dis-
cussing SRH topics. One participant requested
links to ‘reliable TikTok channels’. Many others
suggested having ‘personal stories’ and mini-in-
terviews'.

Participants agreed that the App should have in-
formation for both males and females, and sug-
gested having separate sections for the different
genders. Participants felt that the App should be
available in different languages, including Eng-
lish, and should be freely available.

Most did not express safety concerns about a po-
tential App, although this may be due to fatigue
and time constraints towards the end of the inter-
views. Participants noted that data privacy was
important. A few of the male participants dis-
cussed that data leaks or hackers could be a con-
cern, but seemed to think this was low risk: "In-
formation leaks. It wouldn't be good if the person
who shared their life story had their account
hacked, and someone else found out.” (Male, aged
19-24); "Generally, I don't think there are serious
concerns. It's good to be anonymous, but I don't
think anyone will have serious worries that some-
thing might happen for which to be concerned, so |
don't think there are concerns.” (Male, aged 15-18).

Participants suggested that the best way to raise
awareness about a new SRH App would be
through advertising on social media advertising,
on television, in schools, and through youth train-
ing sessions.

A few participants noted that the App should be
free, to promote access for all groups. Nearly all
FGD participants had access to personal phone or
computer, with daily internet access, and felt this
was the case for most young people in Moldova.
Some suggested that those without phones could
use schools, youth centers, or public libraries to
access the App anonymously.
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Feedback from participants after conducting
FGD

In general, most of participants reported feeling
uncomfortable discussing SRH matters to some
extent, this was higher among younger partici-
pants (15-17 age group with 36% compared to
26%in 18-24 years), but a notable portion in each
group felt very comfortable discussing the topics
freely (fig. 2). In total, 62% of participants re-
ported feeling ‘very uncomfortable’ discussing
any of the topics (38% female, 24% male), and a
further 18% reported feeling ‘somewhat uncom-
fortable’ (6% female and 12% male).

Half of all the participants found the conducted
warm-up exercises prior to each FGD helpful and
felt more comfortable talking openly as a result,
38% of participants indicated that they perceived
the warm-up activities as somewhat helpful, and
they felt somewhat more comfortable expressing
themselves during the group discussion and 12%
of participants reiterated that they found the
warm-up activities helpful, leading to an in-
creased comfort level when talking openly during
the group discussion.

Nonetheless, when asked how honestly, they re-
sponded to the questions, 74% of participants re-
ported ‘always’ contributing with truthful ideas
and answers; only 8% said that ‘almost all of the
time’ they shared ideas that agreed with what
others were saying, even if they did not really
agree with them. This suggests that although par-
ticipants felt uncomfortable discussing sensitive
SRH topics, most still provided honest answers
(tab. 3).

Participants listed language, nationality, and the
age of other participants as issues that affected
how they contributed to the discussion. Overall,
participants emphasized the importance of well-
planned and inclusive warm-up activities to cre-
ate a supportive environment conducive to mean-
ingful group discussions. They felt that conversa-
tions were enjoyable, informative, and expressed
a positive view towards the initiative, suggesting
a desire for more frequent organization, particu-
larly for the younger ones ones (“...It was a very
interesting conversation; ...very friendly; ... such ac-
tivities are very important and should be organized
as frequently as possible”).

100%
20%
[ was very
80% comfortable to
talk freely
18%
0,
ehs 18%
10% I felt somewhat
12% 6% 10% uncomfortable to
40% 0 0
’ 2% talk about some of
6% 12% 62% the topics
20% 36% 38%
269
% e [ felt very
0% uncomfortable to
0 talk about any of
Younger Older Female Male Total the topics
(15-17 years) (18-24 years)
Age group Gender Total

Figure 2. FGD participants' ranking on level of comfort in talking freely during the discussion distrib-
uted by age group and gender, % (N=50).
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Table 3. FGD participants' ranking on how honestly they responded to the questions.
Questions N %
What other people think of me was not a worry - when I contributed to the discussion, 37 74
it was always with my truthful ideas and answers.
[ was very worried about what other people might think of me - almost all of the time, I
shared ideas or answers that agreed with other people in the group even if I did not 4 8

really agree with what they were saying.

[ was somewhat worried about what other people would think about me - for about half
the time [ was able to say what I really thought, and half the time I agreed with what 9 18
others were saying even if I didn’t really agree with what they were saying.

Total

50 100

DISCUSSIONS

The results obtained from the focus group discus-
sions conducted in the three regions of the coun-
try revealed that young people primarily rely on
social media and various websites for accessing
information on sexual and reproductive health.
Their strong voice expressed the need for the de-
velopment of an SRH App, with priority topics in-
cluding safe sex, puberty, menstruation, and con-
traception, including emergency contraception.
Barriers to finding accurate SRH information
were also discussed, with young people express-
ing difficulty in identifying reliable sources and
evaluating the trustworthiness of online infor-
mation. Health professionals were generally con-
sidered credible sources, but shame, embarrass-
ment, and fear of dismissal often inhibited young
people from accessing SRH healthcare. Anony-
mous chats with SRH specialists or doctors were
suggested as a potential solution to reduce these
barriers.

The results also indicated that young people value
the vast amount of information available on social
media and often rely on 'reputable influencers' or
reliable sites to draw their own conclusions. This
highlights the importance of equipping young
people with the skills to assess the reliability and
accuracy of online information.

Other studies have found that including educa-
tional elements, interactive elements to Apps can
reinforce fundamental knowledge on SRH, being
effective in raising knowledge and attitudes of
young generation in relation to sexual health ed-
ucation (8, 9, 10).

Most young people aged 15-24 have access to a
personal smartphone and use it to access the in-
ternet daily. However, public spaces such as

schools, libraries, and youth centers may provide
access to a SRH App or website for those without
personal phones (11). With an internet penetra-
tion rate of 65% and more cell phone connections
than people in the country, the YK App has great
potential to reach a wide range of users across the
country. However, ensuring the YK App can func-
tion (at least partially) offline will increase its po-
tential utility in Moldova, given that an estimated
35% of the population does not have internet ac-
cess (11).

Interventions delivered via mobile devices have
been shown to successfully improve people’s
health. Compared to conventional interventions,
people benefit from mHealth by being enabled to
quickly access information at low thresholds and
independently of time and place, as well as at low
cost. mHealth interventions can also meet the
need for anonymity, which is especially crucial
when it comes to sexuality (8). However, it will be
crucial that the YK App is accompanied by invest-
ments in quality, trustworthy, and patient-cen-
tered services that engage young people beyond
simply providing text-based information.

Actively involving young people in the develop-
ment and promotion of the app will not only in-
crease the app’s relevance and usability, but also
empower young people to take charge of their
own health in a collaborative and informed way
(9,12).

Overall, digital apps in this field have the potential
to empower individuals, improve health out-
comes, and contribute to public health initiatives
by making information and services more acces-
sible and user-friendly.

When discussing the limitations of the study, it's
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essential to acknowledge any factors that may
have impacted the results or the generalizability
of the findings. The following limitations should
be highlighted: the sample's higher proportion of
Russian and Ukrainian speakers may not fully
represent Moldova's youth, potentially impacting
the generalizability of the findings, particularly
for underrepresented ethnic and linguistic
groups. Additionally, self-reported data on sensi-
tive SRH topics may be subject to social desirabi-

lity bias, despite efforts to promote honesty
through anonymity. Variability in digital literacy
and internet access, particularly among refugees
and rural youth, could impact the feasibility and
usability of the proposed YK App. Lastly, recruit-
ment through specific networks may have intro-
duced selection bias, as participants may be more
interested in SRH issues or more experienced
with digital technologies.

CONCLUSIONS

1.

The findings from the conducted research suggest that the development of a youth-focused SRH
App or website could be a valuable resource for young people in Moldova, including refugees and
vulnerable populations. SRH apps allow health information to be disseminated quickly, at low
thresholds and in a practical and cost-effective manner. Moreover, they allow for anonymous usage
independently of time and place. The App should prioritize topics such as puberty, menstruation,
contraception, and STI prevention, and present information in clear, easily understandable formats,
free from medical jargon. Including personal stories or interviews and providing opportunities for
anonymous access to health professionals could improve engagement and credibility.

Schools and youth clubs could play a role in strengthening SRH education and teaching young peo-
ple how to identify reliable sources of information. Future research should consider segregating
young people by gender and age to ensure they are free to share their views. Individual discussions
with vulnerable groups, such as refugees and Roma, may also create a more comfortable space for
them to share their unique barriers to access.

To strengthen the conclusions, consider incorporating evidence from similar studies or initiatives
that have successfully implemented youth-focused SRH Apps or websites. This could provide addi-

tional support for the recommendations and highlight potential challenges or considerations.
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Introduction. The COVID-19 pandemic in India increased healthcare costs and reduced
patient satisfaction. This study aimed at designing and validating a new questionnaire to
assess patient satisfaction with health care services amidst COVID-19 in India. Material
and methods. An e-Delphi method was employed to design as well as validate a self-report
questionnaire. The questionnaire included a total of 18 close-ended questions which were
to evaluate patient level satisfaction in patients with the disease. A panel of experts, includ-
ing healthcare professionals, researchers, and public health specialists, approved an instru-
ment in a series of structured rounds. Results. The questionnaire developed in the study
appears to measure patient experiences during episode of hospitalization and was imple-
mented as a pivotal instrument for policymakers or healthcare providers focusing on the
most relevant aspects that should be considered, which help achieve better understanding
how they can respond more effectively to meet the respective needs. Further, as the ques-
tions had been framed in a contextual manner, considering linguistic and socio-cultural
parameters of Indian population, they were designed to assess region-based healthcare
practices, thereby enhancing relevance to contextuality. Conclusions. This study will ad-
dress an important gap in the assessment of patient satisfaction during a health care crisis,
as well highlighting the use of Delphi Technique for validation and obtaining valid patient
perspective data that can be used further to make policies and understand perception to-
wards improvement is survey-based studies.

OPTIMIZAREA EFICACITATII SONDAJELOR DE SATISFACTIE A PACIENTILOR
PRIVIND PANDEMIA DE COVID-19 iN INDIA - UN PROCES DE VALIDARE BAZAT PE
METODA DELPHI

Introducere. Pandemia de COVID-19 din India a cauzat scumpirea serviciilor medicale si
scdderea satisfactiei pacientilor. Acest studiu a avut ca scop elaborarea si validarea unui
nou chestionar pentru evaluarea satisfactiei pacientilor privind serviciile medicale in con-
textul pandemiei COVID-19 din India. Material si metode. A fost folositd metoda e-Delphi
pentru a elabora si valida un chestionar de autoraportare, care a inclus in total 18 intre-
bdri inchise ce urmau sd evalueze satisfactia pacientilor cu aceastd maladie. Un grup de
experti, care include profesionisti din domeniul sdndtdtii, si evaluatori din domeniul sdnd-
tatii publice au ratificat instrumentul printr-o serie de runde structurate. Rezultate. Ches-
tionarul elaborat in studiu mdsoard experientele pacientilor in timpul episodului de spita-
lizare si a fost implementat ca instrument esential pentru factorii de decizie sau prestatorii
de servicii medicale, concentrdndu-se pe aspectele cele mai relevante care ar trebui luate
in considerare, care ajutd la o mai bund intelegere a modului in care acestia pot rdspunde
mai eficient pentru satisfacerea nevoilor respective. Mai mult, deoarece intrebdrile au fost
incadrate intr-o manierd lingvisticd si socio-culturald ai populatiei indiene, , sporind astfel
relevanta contextualitdtii. Concluzii. Acest studiu va elucida lacunele importante in eva-
luarea satisfactiei pacientilor in timpul unei crize de ingrijire medicald, evidentiind, de ase-
menea, utilizarea tehnicii Delphi pentru validare si pentru a obtine date valabile privind
perspectiva pacientului care pot fi utilizate in continuare pentru a elabora politici si a in-
telege perceptia de imbundtdtire a studiilor efectuate in baza chestionarelor.
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INTRODUCTION

Patient satisfaction surveys are important to con-
duct for assessing the caliber of medical service.
During the COVID-19 pandemic, their importance
was further carried out so that one can find new
insights into patient’s experiences in such situa-
tions. These surveys are an important aspect of
understanding and sustaining patient footfall,
along with understanding the healthcare frame-
works while being flexible and reasonable espe-
cially when the healthcare domain is rapidly
evolving.

Organizations, such as the Agency for Healthcare
Research and Quality (AHRQ) and the National
Quality Forum (NQF) have demonstrated the im-
portance of patient satisfaction assessments (1).
The World Health Organization (WHO) has al-
ways highlighted the absolute importance of care
quality to an optimal level and provides frame-
works for its evaluation (2). Nevertheless, in re-
cent times, during the pandemic these surveys
have become even more important owing to the
presence of multidimensional challenges such as
resource limitations, interruptions in healthcare
delivery, and the adaptation of rapidly evolving
protocols. The insights thus committed from pa-
tient feedback help to do the gap analysis in these
services as well as identify potential areas for en-
hancement. Moreover, the pandemic has high-
lighted the necessity of give personalized patient
approaches, thus ensuring that healthcare ap-
proaches will be in sync with specific desires and
requirements of patients (3). Surveys help to
gauge the level of understanding the information
they have been given, enabling any necessary
changes to communication strategies. They aid in
evaluating the efficacy of educational resources
prepared for COVID-19 prevention, symptoms,
and immunization (4).

The pandemic highlighted the critical need of psy-
chosocial assistance for patients, irrespective of
their demographic variables. Healthcare discrep-
ancies can sometimes get worse during times of
crisis. Patient - experience based surveys help to
design policies that provide equitable access to
healthcare resources, especially to the most vul-
nerable and marginalized populations. Knowing
that the dynamic nature of COVID-19 demands
strong and flexible adaptive healthcare systems,
such surveys will help to assess how much an or-
ganization has altered to accommodate new re-
quirements, such as the introduction of telemedi-

cine, visitation laws, and modifications to the way
care is delivered (5, 6).

This study aims to address all the above concerns
regarding overall patient satisfaction. However,
there is a need in India to develop a validated
questionnaire to assess this accurately. Current
instruments may not fully capture the bottlenecks
in patient care, particularly given the distinct con-
ditions and challenges faced during the pandemic
and its aftermath on the Indian healthcare sector.

Patient Satisfaction Surveys

Patient satisfaction surveys have rapidly evolved
since the 1950s, when they primarily focused on
basic aspects of care, such as communication and
cleanliness (7). Over the recent years, these sur-
veys have expanded its horizons to other disci-
plines, such as technical competence of health-
care providers, interpersonal skills, responsive-
ness to patient needs, and the degree of patient
involvement in decision-making (8). For example,
the services marketing model views healthcare as
a service, emphasizing the importance of meeting
patient expectations to achieve desired satisfac-
tion (9). The expectation disconfirmation theory
refutes the same (10). Other models, such as the
patient-centered care framework and the Dona-
bedian model of quality, highlight the central role
of patient perceptions in evaluating healthcare
quality (7, 11).

Delphi Technique

It was in the 1950’s, that the goal of the Delphi
technique, was created by RAND Corporation re-
searchers. They brought together experts to reach
a point of consensus on certain problems through
controlled and structured communication. It was
initially used on military technology forecasting,
but thereafter due to its strategies like group
think and the dominance of outspoken individu-
als, it has then been widely used in many other
disciplines including healthcare (12).

The Delphi process is a systematic approach to
communication that incorporates several core
ideas to match a certain objective and efficient
consensus-building among experts. Essentially,
the method maintains participant anonymity,
thus reducing the impact of peer pressure and as-
sists them to sincere beliefs. It uses a repetitive
process with many rounds of changing and im-
proving the questionnaires, controlled feedback
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methods are used to support this process. Follow-
ing each round, all the experts receive summaries
of the group's responses, which allows them to re-
visit and amend their own responses considering
the larger group perspective. The Delphi
method's primary component is its dependence
on an expert panel (13).

Delphi proves to be a useful system for facilitating
professional discussions and reaching agree-
ments on delicate issues, gaining popularity as a
reliable method in the healthcare sector. Its sus-
tained effectiveness across various research and
operational disciplines will be ensured by recog-
nizing both its advantages and disadvantages
while embracing contemporary trends.

Questionnaire Validation in Healthcare Re-
search

Validating questionnaires for healthcare research
or surveys is a meticulous process that ensures
the accuracy and reliability of the data collected.
During the validation process, a rigorous analysis
of the instrument is conducted to ensure it accu-
rately reflects the selected variables. A validated
questionnaire is a standardized approach to col-
lection of data, thus ascertaining that the research
findings are creditable and comparable across dif-
ferent studies and populations (14). While evalu-
ating construct validity, statistical methods like
factor analysis are done so that one can confirm
the accuracy of the questionnaire and its correla-
tion to the theoretical constructs that it aims to
measure (15). On the other hand, criterion valid-
ity examines the methods correlation with estab-
lished benchmarks within the field, ‘thus acting
like a litmus test for its accuracy (16). Moreover,
statistical measures such as Cronbach's alpha are
used to determine the consistency among the
items within the questionnaire, thereby acting as
the internal consistency and reliability tool for the
instrument (17). Through validated question-
naires, researchers can robustly capture patient-
reported outcomes, adverse events, risk percep-
tions, and other critical data, thereby enhancing
the quality and reliability of their findings. A vali-
dated questionnaire not only raises the caliber of
research but also informs more precise clinical in-
terventions and policies, grounding them in solid
empirical evidence.

The e-Delphi method
The present study utilized the e-Delphi methodol-
ogy to develop and validate a questionnaire

aimed at evaluating Patient Satisfaction Surveys
related to healthcare delivery systems during the
COVID-19 pandemic in India. As part of this meth-
odology, a cohort of experts, consisting of accom-
plished public health professionals, was recruited
to provide critical feedback by sharing their valu-
able insights and knowledge to finalize the ques-
tionnaire. A unique aspect of this study is that it
substitutes a single representative’s opinion with
the collective diversity of the group. Traditionally,
the Delphi method was paper-based for gathering
information from the expert cohort, but it has
since been replaced by a digital alternative known
as "e-Delphi methods." The digital platform ena-
bled the maintenance of anonymity and facili-
tated faster response times.

The primary aim of this research was to develop a
survey designed to evaluate patient satisfaction
with healthcare delivery systems during the
COVID-19 pandemic in India. To validate and im-
prove the questionnaire, the study also utilized
the Delphi Technique to gather a panel of experts,
including researchers, public health officials, and
healthcare professionals. This approach ensures
that the instrument reflects the diverse perspec-
tives and experiences relevant to the Indian
healthcare landscape. To enhance its effective-
ness, the questionnaire was tailored to capture
the cultural and contextual nuances of the Indian
population. By addressing these objectives, the
study seeks to fill a critical gap in assessing pa-
tient satisfaction during the COVID-19 pandemic
in India, highlighting the importance of a vali-
dated questionnaire in obtaining accurate and
meaningful data for healthcare improvement.

MATERIAL AND METHODS

Design

The study followed the Delphi methodology, con-
sisting of three rounds of expert discussions to fi-
nalize the questionnaire. Instead of the traditional
method of correspondence, an online survey pro-
tocol was used for the e-Delphi method, sup-
ported by virtual meetings and email to facilitate
discussions and collect data.

In this study, a 75% consensus threshold was pro-
posed as the standard for reaching agreement. It
was planned that a consensus of 75% or greater
on each question would be considered acceptable
for the study. The flow of the Delphi process is
shown in Figure 1.
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Three rounds of the Delphi process

+

Consensus
Threshold: 75%

17 Experts were
Included

65 Questions

DELPHI PROCESS

Consensus
Threshold: 85%

15 Experts
were included

60 Questions

Consensus
Threshold: 85%

15 Experts
were included

57 Questions

Figure 1. The figure illustrates the progression of the Delphi process across three rounds.

Note: Each round is represented by a distinct column, showcasing the key activities and changes in thresh-

olds.

Participants

The cohort of experts for this study was carefully
selected, consisting of individuals with involve-
ment in the Public Health field. An electronic invi-
tation was sent to all the experts to participate in
the modified e-Delphi study, which included
study details and consent information. A follow-
up phone call provided the opportunity to answer
any further questions and offer clarifications re-
lated to the project. The participants were ini-
tially blinded to other members to encourage the
expression of neutral opinions, particularly in the
first round.

The criteria for selecting the expert cohort were
as follows: (i) Public Health Experts with a mini-
mum of 10 years of clinical experience in either
non-communicable disease management or the
healthcare sector, along with experience in con-
ducting research related to COVID-19 and its im-
pact on patient care and satisfaction; (ii) profes-
sionals with a background in research methodol-
ogy, questionnaire development, or validation
studies to ensure methodological rigor and valid-
ity; (iii) individuals who have access to an email

account; and (iv) those who are willing to partici-
pate. This diverse panel could provide an impar-
tial reflection of current knowledge and percep-
tions in both the health and technology spheres.

Data collection

Three rounds of data were collected for the study,
August and November of 2023 in the form of an
online survey, an online group meeting and email
communication. Ethical Clearance was obtained
by Institutional Ethics Committee of Amity Uni-
versity (AUUP/IEC/2023/4).

Round 1: Introductory Research and Assess-
ment

During the first phase of the Delphi procedure, ex-
perts were recruited in the study. The question-
naire was shared with them through the google
forms to collect the survey data. The initial draft
of the questionnaire had a total of 65 closed-
ended questions that were designed to assess and
evaluate the patient satisfaction levels among
COVID-19 survivors who had been hospitalized.
Structurally, the questionnaire encompassed
three main sections: the socio-demographic pro-
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file, details of hospital services provided with de-
tails of vaccination, and utilization of the vali-
dated satisfaction scale (PSQ-18) (5).

The preliminary questionnaire items were formu-
lated in English and shared with each Delphi par-
ticipant via email. The questionnaire was evalu-
ated by the experts, and they provided feedback
on the inclusion or exclusion of the question
based on its relevance to the study. Each question
was separately evaluated based on; whether the
question is relevant on a dichotomous scale,
whether the question was coherently worded
(also on a dichotomous scale), and whether it
needed rephrasing (open question). The ques-
tionnaire had an option to add comments next to
each question. And propose any additional ques-
tions and make general comments.

After a four-week rigorous collection of data and
follow up with the expert panel, the agreement
rate was subsequently calculated for each ques-
tion, along with the proportion of experts who
thought that the question was relevant, worded
coherently. Only after gaining 75% of the panel-
ist’s approval, were the questions included in the
next round.

Round 2: Consensus-based finalization of the
questionnaire

In the second round, all the approved questions
from the first round were incorporated and some
new questions were also included based on the
expert’s advice and critical feedback. After incor-
porating all the changes in the electronic survey
forms, it was once again shared with the experts
to once again allow them to assess the relevance,
clarity and for changes in the verbatim of the
questions. This entire process took four weeks to
complete. At the end of this stage, the panelists
were also asked to rate each question on a Likert
scale where a score of 1- indicated irrelevance
and 5 indicated relevance. The degree of agree-
ment with each question in the final question-
naire was then evaluated, and all drafting and
general remarks were compiled.

Responses rating questions as 4 or 5 on the Likert
scale were defined recommendations for inclu-
sion. The predetermined threshold for agreement
was set at 85% of the panel.

Round 3: Final feedback and consensus on
questionnaire

The questionnaire was further revised in round 3
and formatted as per the suggestions of the ex-

perts and then shared with all of them via email
for individual reviewing. Each question was eval-
uated on the basis that if the question was recom-
mended to be included in the final questionnaire,
or if it required any revisions or needs to be ex-
cluded (with appropriate reasoning). Consensus
was defined as 85% of the experts agreed on the
final inclusion of the questions in the question-
naire. The consensus for the third round took ap-
proximately four weeks to collect and analyze.

In each Delphi round, the consensus rate of the ex-
perts on the inclusion of the questions were eval-
uated by calculating both the proportion and
mean. Initially, a cut-off level for consensus was
set at 75% in the round one. Subsequently, in
round two, the experts rated their level of agree-
ment for each question on a scale ranging from 1 -
5 (1 =the question can be excluded; 5=question is
relevant to the questionnaire). At this round, the
level of agreement threshold was set at 85%. In
the third round, the agreement threshold was set
at 85%.

The consensus among the experts, in conjunction
with their critical feedback and suggestions for
improvement, bolstered the internal and content
validity of the questionnaire. A statistical soft-
ware package known as SPSS was employed to
conduct the statistical analysis.

RESULTS

The outcomes of the study indicate that a signifi-
cant majority of the expert panel - 15 out of 17
members, representing 88.2% - recognized the
necessity for a standardized patient satisfaction
survey instrument specifically tailored for the as-
sessment of healthcare services related to COVID-
19. Five out of seventeen experts (29.4%) ex-
pressed that a new patient satisfaction survey
questionnaire should be formulated, however a
larger majority of 70.5 % suggested that question
related to COVID-19 healthcare delivery can be
added to the otherwise standard patient satisfac-
tion questionnaire (PSQ-18), suggesting that cer-
tain items could be selectively incorporated as
needed.

In the first round, thematic evaluation was done
for the questions to be included in the survey for
assessing the patient satisfaction related to
healthcare delivery system among COVID-19 hos-
pitalized survivors. The themes included the ac-
cessibility of healthcare services, clinical hazards
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and resultant outcomes, caregiver cognizance, at-
itudes, and responsiveness towards patients af-
flicted with COVID-19, the socio-demographic at-
tributes of the participants, as well as the phe-
nomenon of vaccine hesitancy.

In the next round, the above-mentioned themes
were applied, and an initial questionnaire was
made after incorporating the questions identified
in the initial round. In this round about 85% of the
experts agreed upon the comprehensiveness of
the questionnaire. However, 62% of the experts
thought that the questionnaire was not feasible as
it was too lengthy, in contrast to the above, over
47% among them regarded that almost every
question was "important” or "essential”.

In the third round of evaluation, the panel scruti-
nized the subsequent draft for precision and de-
lineated a fundamental set of inquiries, encom-
passing sociodemographicaspects. An impressive
85% of the panel members designated all inquir-
ies as "clear," leading to the exclusion of 8 ques-
tions from the initial pool of 65.

During the iterative Delphi rounds, the expert
panel achieved a consensus on multiple critical
aspects, including the significance of employing
Likert scales for response measurement and the
necessity of incorporating inquiries pertinent to
COVID-19. In conclusion, a consensus was estab-
lished on 57 distinct questions. Nonetheless, per-
sistent discord was evident concerning the poten-
tial inclusion of focus group interviews with the
younger demographic, specifically individuals
aged 18 to 22 years.

The final version of the newly developed ques-
tionnaire, based on the findings from the Delphi
survey, includes 57 questions related to COVID-
19, healthcare provision during the pandemic,
vaccination ambivalence, and sociodemographic
attributes. It is methodically designed to utilize a
5-point Likert scale to quantify patient satisfac-
tion indices, as depicted in Figure 1.

DISCUSSIONS

The development of a standardized patient satis-
faction survey questionnaire tailored for COVID-
19 healthcare delivery represents a significant
advancement in understanding patient experi-
ences during the pandemic. A similar strategy was
adopted by Wu, Meng-San et al. in their study con-
ducted in Liverpool, UK (18). Another study from

India (19) also evaluated patient satisfaction dur-
ing the hospital stay of COVID-19 patients, but
only in terms of psychometric evaluation, thus
making it different from ours. Internationally,
since the onset of the pandemic, several studies
across the globe have been pioneers in using the
Delphi process for questionnaire validation (19).
However, this method has not been widely used
in India. Our study utilized the e-Delphi method,
which facilitated a structured and iterative pro-
cess among a diverse panel of experts, including
healthcare professionals, researchers, and public
health officials. The consensus-driven approach
ensured that the final questionnaire not only re-
flects the multifaceted nature of patient satisfac-
tion but also aligns with the cultural and contex-
tual nuances of the Indian healthcare system.

The results from the Delphi rounds indicate a
strong agreement among experts regarding the
necessity of a dedicated questionnaire for as-
sessing patient satisfaction in the context of
COVID-19. With 88.2% of the panel recognizing
the need for such an instrument, it is evident that
there is a critical gap in existing patient satisfac-
tion measures that this study aims to fill. The
identification of key themes - such as access to
care, clinical risks, caregiver responsiveness, and
vaccine hesitancy - highlights the unique chal-
lenges faced by patients during the pandemic and
underscores the importance of capturing these
dimensions in the survey. Another study from In-
dia (19) had highlighted the themes as daily need
facilities, treatment and hospital appropriate fa-
cilities, thus having very different conclusions.
Apart from the themes, their method of validation
was purely systematic by conducting several
qualitative interviews and evaluating it on a psy-
chometric scale.

The iterative nature of the Delphi process allowed
for continuous refinement of the questionnaire. In
the second round, the incorporation of feedback
led to a draft that over 85% of panelists agreed to
include with all essential elements. However, the
suggestion from nearly 62% of experts to shorten
the questionnaire reflects a common challenge in
survey design: balancing comprehensiveness
with feasibility. The final version, consisting of 57
questions, successfully navigates this challenge
by focusing on critical areas while ensuring that
the instrument remains manageable for respond-
ents. To the best of our knowledge, there is no
questionnaire based on patient satisfaction re-
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lated to COVID-19 which is so detailed and robust
in nature. Moreover, the use of a 5-point Likert
scale for quantifying each response enhances the
questionnaire's ability to effectively summarize
the data collected. This choice of survey design
aligns with best practices in conducting surveys,
allowing for nuanced responses that can inform
healthcare providers about specific areas needing
improvement. This is also the methodology fol-
lowed by most studies (20). The emphasis on clar-
ity and coherence in question wording, as evi-
denced by the elimination of 8 questions in the fi-
nal round, further strengthens the validity of the

CONCLUSIONS

instrument.

The implications of this study extend beyond the
immediate context of COVID-19. By establishing a
validated questionnaire, healthcare providers can
gain valuable insights into patient experiences,
which can inform quality improvement initiatives
and policy decisions. Additionally, the findings
underscore the importance of engaging diverse
stakeholders in the development of healthcare as-
sessment tools, ensuring that they are relevant
and effective in addressing the needs of the popu-
lation.

1. The questionnaire serves as an essential tool for evaluating and improving healthcare delivery to
individuals, as it encapsulates the intricate experiences of patients during the COVID-19 pandemic.
Opting for the e-Delphi technique, ensured the preservation of robust methodology while accu-
rately depicting the cultural and healthcare-specific contexts of India.

2. The questionnaire has emerged as an indispensable resource for policymakers and healthcare prac-
titioners, serving a profound understanding of patient needs. It has helped to foster resiliency
within the healthcare system, thereby arming the healthcare fraternity to recognize and manage
health crises in the future. Future research should focus on the implementation of this question-
naire in clinical settings and its potential impact on enhancing patient care and satisfaction.

LIMITATIONS

Despite the methodological strengths of this
study, certain limitations are present. A primary
concern is the relatively small size of the expert
panel, which was selected based on domain ex-
pertise. This limitation may constrain the diver-
sity of perspectives and experiences represented,
potentially affecting the questionnaire's generali-
zability within the broader healthcare context.
Furthermore, the questionnaire, developed spe-
cifically to capture patient experiences during the
COVID-19 pandemic, is tailored to the circum-
stances of that period. Consequently, its rele-
vance, while aligned with the context of the pan-
demic, may not encompass the subtleties of evolv-
ing public health scenarios or the spectrum of fu-
ture patient experience.
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Introduction. An important aspect of research in the field of microbial ecology is under-
standing the interactions between organisms, particularly the influence they have on one
another within aquatic ecosystems. Green microalgae (phylum Chlorophyta) represent a
diverse group of photosynthetic organisms, playing a significant role in ecological cycles.
Investigations have focused on evaluating the impact of two microalgae species, Chlorella
vulgaris and Scenedesmus quadricauda, on the growth parameters of the natural popu la-
tion of Paramecium caudatum, making it a suitable indicator for assessing the influence of
these organisms on the food chain.

Material and methods. The research was based on the work of Kokova, V. (1982), and
Likhachev, S.V. (2020). The productivity of the ciliates was determined by their division
rate, according to Zaika V.E. (1983) and Spinei L. (2009). Experiments were conducted over
intervals of 24-144 hours, using microalgae solution concentrations at 0.1, 0.5, 1, and 10
mg/L.

Results. For Chlorella vulgaris the lower doses generated a significant stimulatory effect
on P. caudatum, resulting in notable increases in both number and reproduction rate.

In contrast, for Scenedesmus quadricauda, lower doses also had a pronounced stimulatory
effect, while higher doses yielded varied results, including both increases and decreases in
parameters.

Conclusions. Both strains of microalgae demonstrate stimulatory potential on the natural
population of P. caudatum, particularly at lower doses.

IMPACTUL MICROALGELOR CHLORELLA VULGARIS SI SCENEDESMUS QUADRICA-
UDA ASUPRA PARAMETRILOR DE CRESTERE A CILIATEI PARAMECIUM CAUDA-
TUM

Introducere. Un aspect important al cercetdrilor in domeniul ecologiei microorganismelor
constd in intelegerea interactiunilor dintre organisme, in special influenta pe care o au
acestea asupra ecosistemului acvatic. Microalgele verzi (Filumul Chlorophyta) reprezintd
un grup divers de organisme fotosintetice, care au un rol semnificativ in ciclurile ecologice.
Astfel, investigatiile au fost orientate spre evaluarea impactului a doud specii de microalge,
Chlorella vulgaris si Scenedesmus quadricauda, asupra parametrilor de crestere a popula-
tiei naturale de Paramecium caudatum.

Material si metode. Ca suport metodologic au servit cercetdrile propuse de cercetdtorii
Kokova V. (1982) si Likhachev S.V. (2020). Productivitatea infuzoriilor a fost determinatd
dupd viteza dividerii lor, conform cercetdtorilor Zaika V. E. (1983) si Spinei L. (2009). Ex-
perimentele s-au desfdsurat in intervale de timp de 24 - 144 ore, utilizand concentratiile
solutiilor de microalge de 0,1; 0,5; 1 si 10 mg/1.

Rezultate. Pentru Chlorella vulgaris s-a constatat cd dozele mai mici au generat un efect
stimulativ semnificativ asupra P. caudatum, cu cresteri notabile ale numdrului si ratei de
reproducere. In cazul Scenedesmus quadricauda, dozele mai mici au avut un efect stimula-
tor pronuntat, in timp ce dozele mari au dus la rezultate diferentiate, inclusiv cresteri si
scdderi ale parametrilor.

Concluzii. Concluziile indicd faptul cd ambele microalge au un potential stimulator asupra
populatiei naturale P. caudatum, in special dozele mai mici.
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INTRODUCTION

Green algae (Chlorophyta) belong to the group of
photosynthetic organisms known chlorophyta,
which are green in color due to the presence of
chlorophyll. With their ability to harness the
solar energy and convert it into food, green algae
play a crucial role in the planet's energy cycle.
Important species in this class are Chlorella vul-
garis Beijerinck 1890 and Scenedesmus quadri-
cauda Chodat 1926, which are studied for their
photosynthetic properties, high nutrient content,
bioactive compounds and potential applications
in various fields (1, 2, 3).

A significant aspect of research in microbial
ecology is understanding the interactions be-
tween organisms, particularly their influence on
others within aquatic ecosystems. Paramecium
caudatum Ehrenberg, 1833, a widely distributed
ciliate protist, serves as a valuable model organ-
ism for such studies due to its well-documented
biological characteristics and sensitivity to envi-
ronmental changes (4).

Thus, the general development mechanisms of
the entire ecosystem can be uncovered, and the
interactions between populations can be ana-
lysed (5). In addition to investigating industrial
cultivation possibilities for autotrophic microal-
gae, considerable attention is also given to estab-
lishing methods for producing large biomass
quantities of heterotrophic invertebrate organ-
isms (6).

The purpose of this work was to investigate the
interactions between green microalgae from the
phylum Chlorophyta, specifically or particularly
Chlorella vulgaris and Scenedesmus quadricauda
species, and their effect on the population of
Paramecium caudatum in a controlled culture
media (nutrient medium). Assessing the impact
of these green algae on the behavior, reproduc-
tion, and other biological aspects of the ciliate
will contribute to a deeper understanding of
aquatic resource dynamics and the potential
benefits or risks associated with the presence of
these microorganisms in aquatic ecosystems.

This study provides a specific example of the in-
teractions between certain microorganisms, con-
tributing to a broader understanding of ecologi-
cal relationships (3).

MATERIAL AND METHODS

The study focused on the ciliate Paramecium

caudatum, from which separate clonal specimens
were obtained for subsequent research through
binary fission. Saccharomyces cerevisiae yeast
served as their food source. Mass cultures and
individual lines were used in experiments, ob-
tained by isolating a single specimen from a cul-
ture in full development. Cultivation was con-
ducted in micro-aquariums, following classical
methods proposed by K. Kokova, V. (1982) (7);
Likhachev, S.V., (2020) (8) with daily counting of
cells. An optimal culture medium was created for
the paramecia, including chemical composition
and environmental conditions. During the culti-
vation of protozoa, significant attention was paid
to the studies of trophic conditions, as well as the
qualitative composition of their food and nutri-
tional intensity. From each individual, a line of
descendants was established, and parameters
such as growth rates, lifespan, reproduction, and
natural population size were monitored accord-
ing to Zaika V.E (1983) (9); Spinei L. (2009) (10).
These parameters were determined by counting
the number of divisions per day for each line
over a period of six days and data analysis.

The strains of green microalgae from the phylum
Chlorophyta were obtained from Laurentia Un-
gureanu, a corresponding member of the ASM
(Academy of Science of Moldova), research pro-
fessor, and doctor habilitatus in biological sci-
ences, as well as from Daria Tumanova, PhD in
biological sciences, in the laboratory of Hydrobi-
ology and Ecotoxicology at the Institute of Zool-
ogy. The strains were patented and deposited in
the Non-pathogenic Microorganism National
Collection at the Institute of Microbiology and
Biotechnology, Technical University of Moldova.
The microalgae were cultivated in standardized
media under controlled conditions of tempera-
ture, light, and nutrients, following the methods
described by Wasser S.P. et al. (1989) (11). The
algal biomass was separated from the growing
medium by filtration and centrifugation.

Test groups were divided based on the species of
microalgae (Chlorella vulgaris, Scenedesmus
quadricauda) and their concentrations, subjected
to a time interval of 24 to 144 hours. Concentra-
tions of microalgal solutions of 0.1 mg/L, 0.5
mg/L, 1 mg/L, and 10 mg/L were prepared. Con-
trol groups were also included to assess the ac-
curacy of the procedures and confirm the results.

Quantitative analysis was performed in 10 repli-
cates at a temperature of 25°C, over 24-144
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hours using the binocular microscope MBC-9
with ocular magnification of 14x.

Appropriate statistical methods were employed
to assess the significance of differences between
groups (Statistica 7.0, Excel 2007, Biostat). The t-
Student test (significance test) was used to test
for a statistically significant difference between
the values obtained in the experimental and con-
trol groups. Interpretation of P values for the
significance test indicates the level of statistical
significance, thus *P<0.05 (statistical correlation
is significant (S, 95% confidence)), **P<0.01 (sta-
tistical correlation is significant (S, 99% confi-
dence)), ***P<0.001 (statistical correlation is
highly significant (HS, 99.9% confidence)) and
P>0.05 (statistical correlation is insignificant, IS).

RESULTS

The study investigated the sensitivity of the cili-
ate Paramecium caudatum to cultures of Chloro-
phyta microalgae, represented by the species
Chlorella vulgaris and Scenedesmus quadricauda,

as well as to microalgal culture liquids. The focus
was on evaluating the response of the test organ-
ism to various concentrations (0.1, 0.5, 1, and 10
mg/L) and different time intervals (24, 48, 72,
96, 120, and 144 hours).

Evaluating the impact of different concentrations
of Chlorella vulgaris over a 24-hour interval re-
vealed statistically significant effects at concen-
trations of 0.1 and 10 mg/L. Specifically, the con-
centration of 0.1 mg/L showed a significant neg-
ative effect on population dynamics, resulting in
a decrease of 43.33%, while the concentration of
10 mg/L resulted in a more pronounced de-
crease of 60.00% (fig. 1).

The reproduction rate of Cw at concentrations of
0.1 and 10 mg/L exhibited significant reductions
of 31.84% and 50.84%, respectively. Medium
concentrations of 0.5 and 1 mg/L also had a neg-
ative impact, but the effects were weaker, sug-
gesting only a slight, insignificant reduction in Nt
and Cw (tab. 1, fig. 1).

Table 1. Experimental results for the tested cultures with the microalgae Chlorella vulgaris as food for
the ciliates Paramecium caudatum.

Chlorella vulgaris

Experi- Sample size Difference compared to the Repro Difference compared to
mental N .
groups (Nt) control duction rate the control
M=+ES d % ta (Cw) M*ES d % ta
24 h
Control 10 6.000.67 1.79+0.11
0.1mg/L 10 3.40+0.55 -2.60 43.33 3.00" 1.22+0.18 -0.57 31.84 2.70"
0.5mg/L 10 4.90+0.53 -1.10 18.33 1.29 1.59+0.12 -0.20 11.17 1.23
1mg/L 9 5.89+1.10 -0.11 1.83 0.09 1.77+0.17 -0.02 1.12 0.10
10mg/L 10 2.40+0.17 -3.60 60.00 521™ 0.88+0.07 -0.91 50.84 6.98™
72 h
Control 9 109.00+18.69 1.56+0.05
01mg/L 10 157.60+35.38 +48.60 44.59 1.21 1.69+0.09 +0.13 8.33 1.26
05mg/L 10 178.40+18.80 +69.40 63.67 2.62™ 1.7340.03 +0.17  10.90 2.92"
1mg/L 10  187.40+30.00 +78.40 71.93 2.22" 1.74+0.05 +0.18  11.54 2.55"
10mg/L 10 136.00+24.71 +27.00 24.77 0.87 1.64+0.08 +0.09 577 0.95
120 h
Control 10  199.40+27.14 1.0620.04
0.1mg/L 10 354.90+80.94 +155.50 77.98 1.82 1.17+0.06 +0.07 6.60 0.97
0.5mg/L 10 437.30+101.26 +237.90  119.31 227" 1.22+0.06 +0.11 10.38 1.53
1mg/L 10 301.30+28.72 +101.90 51.10 2.58™ 1.14+40.02 +0.09 849 2.01"
10 mg/L 9  223.33444.06 +23.93 12.00 0.46 1.08+0.05 0.00 0.00 0.00
144 h
Control 10  160.30+15.78 0.85+0.02
0.1mg/L 10 343.90+45.68 +183.60 114.54 3.80™ 0.97+0.03 +0.12 14.12 3.33™
0.5mg/L 10 460.50+32.87 +30020 18727 823™ 1.02+0.01 +0.17  20.00 7.60™
1mg/L 10 285.60+42.72 +125.30 78.17 2.75™ 0.94+0.05 +0.09 10.59 1.67
10 mg/L 9  222.78+36.18 +62.48 30.98 1.58 0.90+0.05 +0.05 5.88 0.93

Note: *- P<0.05 (S); **- P<0.01 (S); *** - P<0.001 (HS); P>0.05 (NS)
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Figure 1. The dynamics of the population size (Nt) and reproduction rate (Cw)
of Paramecium after administration of 0.1 mg/L, 0.5 mg/L, 1 mg/], and 10 mg/L
of Chlorella vulgaris medium over 24...144 hours (i(hours)).

After 144 h incubation, it was observed that at a
concentration of 0.1 mg/L, Nt increased signifi-
cantly by +183.60 with an increase of 114.54%
(ta=3.80; P<0.001), while at 0.5 mg/L, it in-
creased by +300.20, with a substantial increase
of 187.27% (te=8.23; P<0.001). The statistical
correlation is highly significant (HS, 99.9% con-
fidence). Concentrations higher than 1 and 10
mg/L showed positive effects but were statisti-
cally insignificant (tab. 1).

Thus, the experimental results demonstrated
that the tested concentrations of Chlorella vul-
garis on the ciliate P. caudatum positively influ-
ence the abundance (Nt) and reproduction rate
(Cw), with these effects increasing at higher con-
centrations, especially over longer time intervals.

To further investigate the effects of the analyzed
test, the solution in which the microalga Chlorel-
la vulgaris was cultivated was introduced into
the nutrient medium of the paramecia. It was
demonstrated, that after 24 h of incubation, con-
centrations lower than 0.1, 0.5, and 1 mg/L had
significant negative effects, leading to a decrease
in Nt and Cw. The deviation is at the 5% proba-
bility level when P value <0.05 (S). The concen-
tration of 1 mg/L had the greatest negative im-
pact, with a significant and considerable reduc-
tion in Nt, indicated by a difference of -2.40 and a
significant percentage decrease of -40.00%, and
in Cw indicated by a difference of -0.40 and a
significant percentage decrease of -22.35%. The

deviation is negatively significant (P<0.001) at a
0.1% probability level. The concentration of 10
mg/L has a nonsignificant positive impact of
+0.30 (5.00%), suggesting a possible stimulating
effect (tab. 2, fig. 2).

After 72 hours of incubation, the concentration
of 0.1 mg/L continues to have a negative influ-
ence, but with values closer to the control values,
with a difference of only - 2.22 (2.04%). As the
concentrations increased, the effects became
positive, remaining nonsignificant at 0.5 and 1
mg/L, and significant at 10 mg/L. At the concen-
tration of 10 mg/L, Nt increases by 93.68%
(ta=4.90; P<0.001) and Cw by 14.10% (ta=4.31;
P<0.001) compared to the control. The deviation
is statistically significant when the probability
(P) is 0.1%. The values decreased after 120
hours, then increased again after 144 hours.

At 144 hours of incubation, the concentration of
0.1 mg/L improved both the population size and
reproduction rate, approaching the control level.
Concentrations of 0.5, 1, and 10 mg/L generated
a significant increase compared to previous in-
tervals, surpassing the control in the case of 1
mg/L concentration by 73.30% and 10 mg/L by
52.42%.

The results demonstrated that the cultural media
of the microalgae Chlorella vulgaris at higher
concentrations of 1 and 10 mg/L had a more
pronounced effect, positively influencing popu-
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Table 2. Experimental results of testing the liquid culture of the microalgae Chlorella vulgaris as food
for Paramecium caudatum ciliates

Liquid culture of the microalgae Chlorella vulgaris

Efepnetl:l Population  Difference compared to Reproduc Difference compared to the
groups size (Nt) the control tion rate control
M=ES d % ta (Cw)M=ES d % ta
24 h
Control 10  6.00£0.67 1.79+0.11
0.1 mg/L 9 3.89+0.57 -2.11 35.16 2.40" 1.36x0.14 -0.43 24.02 2.42"
0.5 mg/L 8 4.00£0.40 -2.00 33.33 2.56" 1.39+0.11 -0.40 22.35 2.57"
1 mg/L 10  3.60%0.39 -2.40 40.00 3.10™ 1.28+0.11 -0.51 28.49 3.28™
10 mg/L 10  6.30%1.64 +0.30 5.00 0.17 1.84+0.26 +0.05 2.79 0.18
72h
Control 9 109.00+18.69 1.56+0.05
0.1 mg/L 9 106.78+13.14 -2.22 2.04 0.10 1.56+0.04 0.00 0.00 0.00
0.5mg/L 10 120.30+33.65 +11.30 10.37 0.29 1.60+0.10 +0.04 2.56 0.36
1 mg/L 10 142.30+24.59 +33.30 30.55 1.08 1.65+0.06 +0.09 5.77 1.15
10 mg/L 9 211.11#9.23 +102.11 93.68 4.90™ 1.78+0.01 +0.22 14.10 4.31™
120 h
Control 10 199.40+27.14 1.06x0.04
0.1mg/L 10 160.10+33.02 -39.30 19.71 0.92 1.02+0.05 -0.04 3.77 0.62
0.5mg/L 10 208.10+39.40 +8.70 4.36 0.18 1.07+0.05 +0.01 0.94 0.16
1 mg/L 9 147.56+30.85 -51.84 26.00 1.26 1.00+0.08 -0.06 5.66 0.67
10 mg/L 10 169.10£24.88 -30.30 15.20 0.82 1.03+0.03 -0.03 2.83 0.60
144 h
Control 10 160.30+15.78 0.85+0.02
0.1mg/L 10 183.70£27.18 +23.40 14.60 0.74 0.87+0.04 +0.02 2.35 0.45
0.5 mg/L 9 188.56+37.49 +28.26 17.63 0.69 0.87+0.03 +0.02 2.35 0.55
1 mg/L 10 277.80+33.81 +117.50 73.30 3.15" 0.94+0.03 +0.09 10.59 2.50"
10 mg/L 9 244.33+42.26 +84.03 52.42 1.86" 0.92+0.05 +0.07 8.24 1.30
Note: * - P<0.05 (S); ** - P<0.01 (S); *** - P<0.001 (HS); P>0.05 (NS)
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Figure 2. The dynamics of population size (Nt) and reproduction rate (Cw) of Paramecium after admin-
istration of 0.1 mg/L, 0.5 mg/L, 1 mg/L, and 10 mg/L of the media with microalgae Chlorella vulgaris
over 24...144 hours (1(hours)).
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lation size and reproduction rate at 72, 96, 120,
and 144 hours of incubation. In contrast, at
24 and 48 hours, the effects were less consistent
than at lower concentrations (0.1 and 0.5 mg/L).
Therefore, with the increase in incubation time,
the effects of the concentrations became positive.

At 144 hours the concentration of 1 mg/L indi-
cated a significant increase (Nt-td = 3.15, P<0.01
(S); Cw-td = 2.50, P<0.05 (S)), suggesting a sti-
mulatory effect at this concentration and dura-
tion. The results at 10 mg/L were more varied,
demonstrating a complex influence on the Para-
mecium culture.

The next stage involved adding the microalgae
Scenedesmus quadricauda to the nutrient me-

dium of Paramecium.

After 24 hours of incubation of the experimental
samples, it was observed that at 0.1 mg/L, the
population size (Nt) of Paramecium increased by
14.29%, and the reproduction rate (Cw) in-
creased by 11.20%, indicating a positive influ-
ence on reproduction. At 1 mg/L, on the contra-
ry, we observed a highly significant decrease in
Nt by 42.86% (tq=3.54; P<0.001), and Cw de-
creased by 44.80% (tq=3.15; P<0.01), suggesting
a significant negative influence on reproduction.
At 10 mg/L, Nt decreased by 46.29% (td=3.54;
P<0.001), and Cw decreased by 49.60% (td=3.48;
P<0.001), with the negative effects becoming
more pronounced at this higher concentration.
The statistical correlation is highly significant
(HS, 99.9% confidence) (tab. 3).

Table 3. Experimental results of testing the culture containing microalgae Scenedesmus quadricauda
as food for the ciliates Paramecium caudatum.

Scenedesmus quadricauda

Experi- Population Difference compared to Reproduction Difference compared to the

mental N :

groups size (Nt) the control rate control

M+ES d % ta (Cw)M+ES d % ta

24h

Control 10 3.50+0.39 1.25+0.11

0.1mg/L 9 4.00+0.64 +0.50 14.29  0.67 1.39+0.02 +0.14 11.20 1.25

0.5mg/L 10 3.10£0.29  -0.40 1143  0.82 1.13+0.10 -0.12 9.60 0.81

1 mg/L 9 2.00£0.25 -1.50 42.86  3.54™ 0.69+0.14 -0.56 44.80 3.15~

10mg/L 8 1.88+0.24  -1.62 46.29  3.54™ 0.63+0.14 -0.62 49.60 3.48™
72h

Control 9  90.00+33.64 1.50+0.12

0.1mg/L 10 101.00+24.27 +11.00 1222  0.27 1.54+0.09 +0.04 2.67 0.27

0.5mg/L 10 71.40+22.96 -18.60 20.67 0.46 1.42+0.13 -0.08 5.33 0.45

1 mg/L 8 51.57+13.34 -3843 4270 1.06 1.31+0.09 -0.19 12.67 1.27

10 mg/L 10 49.60+18.09 -40.40 44.89 1.06 1.30+0.12 -0.20 13.33 1.18
120 h

Control 9 211.11+52.79 1.07+0.06

0.1mg/L 10 194.50+3591 -16.61 7.87 0.26 1.05+0.05 -0.02 1.87 0.26

0.5mg/L 10 267.00+46.50 +55.89 2647  0.79 1.12+0.07 +0.05 4.67 0.54

1mg/L 10 152.33#27.41 -58.78 27.84 0.99 1.01+0.04 -0.06 5.61 0.83

10mg/L. 8 114.50+31.48 -96.61 45.76 157 0.95+0.05 -0.12 11.21 1.54
144 h

Control 9 262.67+23.76 0.93+0.02

0.1mg/L 10 203.50+29.23 -59.17 22.53 1.57 0.89+0.04 -0.04 4.30 0.10

0.5mg/L 10 367.10+34.24 +104.43 39.76  2.51" 0.98+0.02 +0.05 5.38 1.77

1 mg/L 9 261.00+46.70 -1.67 0.63 0.03 0.93+0.03 0.00 0.00 0.00

10mg/L 9 139.67+36.44 -123.00 46.83  2.83" 0.82+0.05 -0.11 11.83 2.04"

Note: * - P<0.05 (S); ** - P<0.01 (S); *** - P<0.001 (HS); P>0.05 (NS)

After 72 hours of incubation, the low concentra-
tion of 0.1 mg/L indicated positive values for Nt
and Cw, although these effects were statistically
insignificant (tab. 3). Meanwhile, the higher con-

centrations of 0.5, 1, and 10 mg/L led to a de-
crease in the studied parameters. The negative
effects were less pronounced compared to 48
hours (fig. 3). This suggests a negative influence
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of the Scenedesmus culture, but a statistically
insignificant on the population size and repro-
duction rate at higher doses.

The concentration of 0.5 mg/L of Scenedesmus
exposed for 120 h resulted in a non-significant
increase in Nt (26.47%) and Cw (4.67%). As time
progressed, at 144 h, the concentration of 0.5
mg/L significantly increased the mean Nt value

by 39.76% (ta=2.51; P<0.05) and contributed
non-significantly to an increase in Cw by 5.38%
(ta=1.77; P>0.05) compared to the control (tab.
3, fig. 3). This indicates a significant positive ef-
fect. From 24 to 96 h, these values were lower,
which can be explained by the adaptation period
of the ciliates to the addition of Scenedesmus
quadricauda, after which these indices increased.

Population size (Nt)
— = Control u0,1 mg/l

— — Control 10,5 mgll

300
P
200 =/

100

0
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Figure 3. The dynamics of the population size (Nt) and reproduction rate (Cw)
of Paramecium after exposure to 0.1 mg/L, 0.5 mg/L, 1 mg/L, and 10 mg/L
of Scenedesmus quadricauda culture for 24...144 hours.

In the Paramecium culture medium, liquid cul-
tures of Scenedesmus quadricauda were added at
concentrations of 0.1, 0.5, 1, and 10 mg/L. The
experimental results showed that after 24 hours
of incubation, the concentrations that negatively
affected Paramecium were 0.1 and 10 mg/L (tab.
4, fig. 4). The Nt values decreased by 24.86% (0.1
mg/L) and 26.86% (10 mg/L), and Cw values
decreased by 22.40% (0.1 mg/L) and 24.80%
(10 mg/L) compared to control values. The sig-
nificance threshold is P>0.05, so the values were
insignificant (IS). The negative effect was more
pronounced at the higher dose. At 1 mg/L, Nt
increases by 3.71%, and Cw increases by 3.20%.
While this indicates a positive effect, it is mini-
mal and nearly equivalent to the control values.

In Table 4, it was observed that after 72 hours of
incubation, at a concentration of 0.1 mg/L, Nt
decreased by 6.55%, and Cw by 1.33%, demon-
strating a negative but minor effect. The concen-
tration of 0.5 mg/L had a positive effect on Par-
amecium, but insignificant, Nt increased by

66.44% (tq=1.16; P>0.05), and Cw increased by
11.33%. At a concentration of 1 mg/L, Nt signifi-
cantly decreased by 67.22% (ts=1.16; P>0.05),
and Cw significantly decreased by 24.67%
(ta=2.66; P>0.01(S)). The deviation is significant
since tq (t-Student significance test) is greater
than 2.58 with a 99% confidence interval. At 10
mg/L, Nt decreased by 43.09%, and Cw de-
creased by 12.67%. However, the negative effect
was less pronounced compared to 1 mg/L.

After 120 hours, at 0.1 mg/L, Nt increased by
10.37%, and Cw increased by 1.87%. This is a
positive but modest effect, stimulating the nu-
merical growth of the P. caudatum culture and
maintaining a relatively constant reproduction
rate. At 0.5 mg/L, there was a significant inhibi-
tory effect, resulting in a decrease in Nt by
21.89% and Cw by 4.67%. The 1 mg/L dose had
a more pronounced inhibitory effect, causing a
reduction in both parameters, Nt by 24.73%, and
Cw by 5.61%. The negative effect is more pro-
nounced compared to 24 hours. Conversely, the
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10 mg/L dose had a significant stimulatory ef-
fect, contrary to expectations, leading to an in-
crease in both the number and reproduction
rate, Nt by 28.46%, and Cw by 4.67%. This effect
was positive but statistically insignificant, with a
significance threshold of P>0.05 (IS).

After 144 hours the concentration of 0.1 mg/L
continued to have a positive but insignificant
effect, maintaining a numerical increase and a
relatively constant reproduction rate, Nt in-
creased by 9.77%, and Cw increased by 1.08%.
Higher concentrations of 0.5 mg/L, 1 mg/L, and
10 mg/L had negative effects on the Paramecium
(fig. 4). For example, the concentration of 0.5
mg/L had an extremely pronounced inhibitory
effect, leading to a decrease in both the number
and reproduction rate. Doses of 1 mg/L and 10
mg/L had a more or less moderate, but still in-
hibitory effect, resulting in a significant reduc-

tion in both parameters.

Thus, Scenedesmus quadricauda and its culture
medium, tested as food for paramecia, signifi-
cantly influence reproduction, with both positive
and negative effects depending on the adminis-
tered dose and exposure time. Lower concentra-
tions such as 0.1 mg/L and 0.5 mg/L, generally
had a stimulative effect on reproduction, while
higher concentrations of 1 mg/L and 10 mg/L
had varied effects, expressed through increases
and decreases in parameters, suggesting a more
complex effect.

The research allowed us to assess the degree of
ecological plasticity of the natural population of
P. caudatum in relation to environmental factors,
which will serve as a scientific basis for the de-
velopment of safe monitoring and conservation
measures for the species.

Table 4. Experimental results of testing the liquid culture of the microalgae Scenedesmus quadricauda
as food for Paramecium caudatum ciliates.

Liquid culture of the microalgae Scenedesmus quadricauda

Experi-

mental N Population Difference compared to Reproduc- Difference compared
groups size (Nt) the control tion rate to the control
M=+ES d % ta (Cw) M*ES d % ta

24h

Control 10 3.50+0.39 1.25+0.11

0.1 mg/L 8 2.63+0.45 -0.87 24.86 1.46 0.97+0.18 -0.28 22.40 1.33

0.5 mg/L 10 2.90+0.37 -0.60 17.14 1.12 1.06+0.15 -0.19 15.20 1.02

1 mg/L 8 3.63+0.45 +0.13 3.71 0.22 1.29+0.14 +0.04 3.20 0.22

10 mg/L 9 2.56+0.36 -0.94 26.86 1.77 0.94+0.15 -0.31 24.80 1.67
72h

Control 9  90.00+31.73 1.50+0.12

0.1 mg/L 10  84.10+20.40 -5.90 6.55 0.16 1.48+0.11 -0.02 1.33 0.12

0.5 mg/L 10 149.80+40.55 +59.80 66.44 1.16 1.67+0.09 +0.17 11.33 1.13

1 mg/L 10  29.50+7.54  -60.50 67.22 1.86 1.13+0.07 -0.37 24.67 2.66™

10 mg/L 9 51.22+6.61 -38.78 43.09 1.20 1.31+0.04 -0.19 12.67 1.50
120 h

Control 9 211.11+52.79 1.07+0.06

0.1 mg/L 9 233.00+37.80 +21.89 10.37 0.34 1.09+0.03 +0.02 1.87 0.30

0.5 mg/L 10 164.90+31.58 -46.21  21.89 0.75 1.02+0.04 -0.05 4.67 0.69

1 mg/L 10 158.90433.66 -52.21  24.73 0.83 1.01+0.04 -0.06 5.61 0.83

10 mg/L 10 271.20+47.03 +60.09  28.46 0.85 1.12+0.03 +0.05 4.67 0.75
144 h

Control 9 262.67+23.76 0.93+£0.02

0.1 mg/L 9 288.33+60.47 +25.66  9.77 0.39 0.94+0.07 +0.01 1.08 0.14

0.5 mg/L 8 174.88+49.72 -87.79  33.42 1.59 0.86+0.06 -0.07 7.53 1.11

1 mg/L 9 240.11+435.87 -22.56 8.59 0.52 0.91+0.03 -0.02 2.15 0.55

10 mg/L 8 215.00+41.60 -47.67 18.15 1.00 0.90+0.03 -0.03 3.23 0.83

Note: * - P<0.05 (S); ** - P<0.01 (S); *** - P<0.001 (HS); P>0.05 (NS)
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Figure 4. The dynamics of the population size (Nt) and reproduction rate (Cw)
of Paramecium after exposure to 0.1 mg/L, 0.5 mg/L, 1 mg/L, and 10 mg/L o
f Scenedesmus quadricauda culture medium for 24...144 hours.

DISCUSSIONS

Microalgae of the phylum Chlorophyta play a
crucial role in the planet's energy cycle through
their ability to harness solar energy and convert
it into food. Of the notable species, Chlorella vul-
garis and Scenedesmus quadricauda serve as the
foundation of many aquatic ecosystems. Through
photosynthesis, they produce oxygen and con-
vert carbon dioxide into organic material, play-
ing a key role in the global carbon cycle. This
process sustains algae and generates the primary
food source for various aquatic organisms. Thus,
these investigations not only contribute to the
development of our knowledge of ecological
mechanisms, but also emphasize the importance
of the conservation and proper management of
these fragile environments.

Some studies have developed feeding protocols
for bee families at the end of winter, a period of
limited foraging, using nutrient paste enriched
with biologically active supplements derived
from the biomasses of aquatic monocellular mi-
croalgae, including Scenedesmus quadricauda,
Scenedesmus apiculatus, and Oocystis borgei. The
research has shown that feeding bee families
enriched with biologically active supplements
from the biomass of aquatic microalgae contrib-
utes to an increase in the prolificacy of brood -
by 7.8-10.3%, in the quantity of brood capped -

by 7.7-9.3%, in the bee family's power - by 7, 1-
9.3%, family disease resistance - by 1.8-3.8%,
bro brood viability in the brood nest - by 1.2-
1.7%, amount of accumulated brood in the brood
nest - by 15.527.6%, amount of wax grown on
combs - by 13.3-36.7% and amount of accumu-
lated honey in the brood nest - by 28.0-38.9%

(2).

Additional studies on the use of Chlorella vulgaris
and Scenedesmus quadricauda microalgae have
exerted a positive effect on the germination of
sugar seed by increasing the efficiency and regu-
larity of this critical process for Beta vulgaris
seeds. The best results, in germination indices as
well as root morphological traits, were reached
by using C. vulgaris extract at medium concentra-
tions of 1 mg Corg/L and 2 mg Corg/L, while the
S. quadricauda extract, the concentration effects
on germination indices were less evident and
differences among concentrations were not sig-
nificant. Only one concentration of 1 mg Corg/L,
had a positive effect (3).

In comparison to previous research, we exam-
ined the effects of these two microalgae on the
unicellular organism Paramecium caudatum,
particularly their influence on interactions with-
in an aquatic ecosystem.
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Our experimental results indicated that Chlorella
vulgaris and its medium generally had a signifi-
cant stimulatory effect on P. caudatum during the
time intervals of 72 to 144 hours. It is important
to note that interpretation may vary depending
on the specific context of the experiment and the
tested components. Data analysis shows that
responses to the tested components are complex
and depend on multiple factors, including con-
centration, time interval, and complex interac-
tions between them.

The microalga Chlorella vulgaris showed a more
pronounced positive effect compared to its liquid
media at time intervals of 120 and 144 hours,
overall having a significant stimulating effect on
P. caudatum.

Lower concentrations (0.1 and 0.5 mg/L) had
more pronounced effects, generating significant
increases of parameters (Nt and Cw). Higher
concentrations (1 and 10 mg/L) also had a stim-
ulatory effect, but with variability in intensity,
including an unexpected stimulation at the dose
of 10 mg/L. The results demonstrate that Chlo-
rella vulgaris may serve as a potential food
source for P. caudatum.

Microalgae Scenedesmus quadricauda and its
culture medium, tested as food for paramecia,
significantly influence reproduction, with both
positive and negative effects depending on the
administered dose and exposure time. Lower

CONCLUSIONS

concentrations, such as 0.1 mg/L and 0.5 mg/L,
generally had a stimulative effect on reproduc-
tion. Higher doses of 1 mg/L and 10 mg/L had
varied effects, expressed through increases and
decreases in parameters, suggesting a more
complex effect. The exposure time (hours) of
24h, 48h, 72h, 96h, 120h, and 144h plays a cru-
cial role on P. caudatum response to their pres-
ence.

Both microalgae, Chlorella vulgaris and Scenedes-
mus quadricauda, generally exhibited stimulative
effects on Paramecium caudatum compared to
their culture media.

Lower doses of both microalgae tended to be
more effective in stimulating the growth and
reproduction of P. caudatum.

Higher doses may have varied effects, suggesting
the need for careful control of concentrations
used in laboratory practices or potential practi-
cal applications.

Research on the interactions between microal-
gae in the phylum Chlorophyta, such as Chlorella
vulgaris and Scenedesmus quadricauda and or-
ganisms like Paramecium caudatum, can provide
the necessary understanding in restoring water
quality in water pools. Furthermore, exploring
the use of these microalgae as a nutritional sup-
plement can bring significant benefits to agricul-
ture and environmental conservation.

1. In conclusion, lower concentrations of tested Chlorella vulgaris culture (except for the 10 mg/L

concentration in certain cases) have a positive effect on the natural population of P. caudatum, es-
pecially over longer time intervals.

The tested concentration of 0.5 mg/L Chlorella vulgaris in P. caudatum food significantly influence
the population size and reproduction rate of the ciliate, with these effects increasing over the incu-
bation period, by 119.31% at 120 h and 187.27% at 144 h compared to the control.

Higher concentrations (1 and 10 mg/L) of Chlorella vulgaris culture medium in P. caudatum food
positively influence the population size and reproduction rate at 72, 96, 120, and 144 h of incuba-
tion, while the effects at 24 and 48 h are less consistent. The concentration with significant stimu-
lating effect was 1 mg/L, generating increases in numerical abundance (by 73.30%) and reproduc-
tion rate (by 10.59%) compared to the control.

The effects of Scenedesmus quadricauda and its culture medium, tested as food for P. caudatum,
were differentiated based on dose and time interval.

Lower doses (0.1 and 0.5 mg/L) generally produced a significant stimulatory effect, resulting in
notable increases in both population size and reproduction rate. In contrast, higher doses (1 and 10
mg/L) exhibited varied effects, including both increases and decreases in parameters, indicating a

more complex interaction.
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Introduction. The process of institutionalizing ethics is composed of the implementation of
tools such as: codes, ethical leadership, training, ethics committees, ethics audits, ethics
consultants. The article presents an analysis of the situation on the role of these ethics’
tools on the activity of the healthcare facilities of the Republic of Moldova.

Material and methods. The research was carried out on 2 target groups: 1. a cross-
sectional study on a sample of 1070 employees of 120 hospital and primary care institu-
tions and 2. a sample of 134 members of ethics / bioethics committees. Two questionnaires
were developed and transposed into Google forms to be completed anonymously. Compara-
tive evaluation was performed using the 95%CI. The standard Chi-Squared Test (a = 0.05)
for Independence without Yates' Correction was considered for 3x3 and 7x5 contingency
tables.

Results. In the country's medical institutions, the level of institutionalization of ethics was
low, and the application of ethics management tools varied significantly. Only 13% (95%
CI: 11.0, 15.0) of respondents reported the existence of an institutional ethics code, while
30.4% (95% CI: 27.6, 33.1) admitted they were unaware of such a code within their institu-
tion. Furthermore, only 25.5% (95% CI: 22.9, 28.1) of respondents indicated that institu-
tional values were promoted by all employees. Just 36.2% (95% ClI: 30.4, 36.1) felt they had
the necessary knowledge to make decisions in ethical dilemmas.

Conclusions. The detected gaps lead us to the conclusion that the continuous integration
of ethics into institutional activities must become essential for the managers of medical
institutions in the country. This is an important condition for ensuring the quality of ser-
vices. Implementing ethics programs should be an indispensable part of developing institu-
tional strategies.

INSTITUTIONALIZAREA ETICII PROFESIONALE IN INSTITUTIILE MEDICALE DIN
REPUBLICA MOLDOVA

Introducere. Procesul de institutionalizare a eticii constd in implementarea unor
instrumente precum: codul de eticd, leadershipul etic, instruirea eficientd, comitetele de
eticd, auditul pentru eticd si, consultanti eticieni. Articolul prezintd o analizd a situatiei cu
privire la rolul acestor instrumente de eticd in activitatea institutiilor de sdndtate din
Republica Moldova.

Material si metode. Cercetarea a fost realizatd pe 2 grupuri tintd: un studiu transversal
pe un esantion de 1070 de angajati din 120 de institutii spitalicesti si de asistentd primard,
si un esantion de 134 de membri ai comitetelor de eticd/bioeticd, pentru acestea fiind
elaborate doud chestionare anonime in Ggoogle forms.

Rezultate. In institutiile medicale din tard se atestd un nivel precar de institutionalizare a
eticii, iar instrumentele de management etic au fost aplicate foarte diferit. Doar 13%
(CI95% 11,0, 15,0) dintre respondenti au indicat prezenta unui cod institutional, iar 30,4%
(CI95% 27,6, 33,1) recunosc cd nu au stiut despre asa cod in institutia lor. Doar 25,5%
(CI95% 22,9, 28,1) dintre respondenti considerd cd valorile institutionale au fost promo-
vate de cdtre toti angajatii, si doar 36,2% (1C95% 30,4, 36,1) dintre cei chestionati posedd
cunostintele necesare pentru a lua decizii in situatii de dileme etice.

Concluzii. Lacunele depistate ne sugereazd cd, integrarea continud a eticii in activitatea
institutiei ar trebui sd fie prioritard pentru managerii institutiilor medicale din tard.
Aceasta este o conditie importantd in asigurarea calitdtii serviciilor, iar implementarea
programelor de eticd ar trebui sd devind o parte indispensabild a strategiilor de dezvoltare

institutionald.
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INTRODUCTION

In the recent specialized literature, the Manage-
ment of Ethics has been increasingly discussed,
as a new distinct field within organizational
management. This represents the management
of all elements related to the moral aspect of an
organization, be it a commercial firm, hospital or
university. Ethics management deals with the
development of those management tools that
contribute to the ethical development of an or-
ganization, determine the desirable situation and
decide on the measures to be taken to achieve it,
consistent with other forms of management (1,
2,3).

Organizations are recommended to adopt an
ethics program with distributed responsibilities.
The process of governing and managing an or-
ganization's ethical performance through an
ethics program is based on four pillars, namely:
a) institutionalization of ethics; b) ethical risk
assessment; c) development of ethical standards;
and d) ethical performance reporting and disclo-
sure. Thus, the environment in which organiza-
tions exist is an important determinant of ethical
behaviour. Institutionalizing ethics aims to inte-
grate ethical standards into an organization's
strategies and operations and build an organiza-
tional culture (4).

There is a strong relationship between the work
climate formed in an institution and the behav-
iour of employees, which is strongly influenced
by organizational practices. Through institution-
alized norms, policies and procedures, an organ-
ization alerts and empowers its employees to
decide what is correct behaviour and thus cre-
ates an ethical culture (5). The managers should
decide regarding the ways of influence to be ap-
plied - either through building the correct per-
ception of ethical behaviour or through tools to
promote ethical behaviour among their employ-
ees (6).

To organize the ethics of an institution, it is nec-
essary to create an "ethical infrastructure" (7).
Thus, the activities of organizing ethics in the
institution can be carried out by means of a se-
ries of instruments, such as: the elaboration of
institutional codes of ethics; ensuring ethical
leadership, i.e. behaviours of managers worthy of
following; the activity of institutional ethics
committees; ethics training within the organiza-
tion; ethics audits; appointing the person res-

ponsible (ethics consultant) for ethical issues
and promoting an ethical climate and culture (1,
2,7).

The aim of the research was to determine the
role and impact of these ethical tools on the ac-
tivities of healthcare facilities in the Republic of
Moldova.

MATERIAL AND METHODS

A cross-sectional study was carried out, which
included a sample of 1070 participants (*3%;
expected frequency - 5 0%). The study was car-
ried out in the period of 2022-2023.

The questionnaire was transposed into a Google
forms and distributed through human resources
departments, professional associations and so-
cial networks. The invitation to participate in the
survey was sent to120 hospital and primary care
institutions from the Republic of Moldova.

The questionnaire contained 57 questions to
identify problems related to the ethical dilem-
mas faced by the employees, the ways and possi-
bilities to solve them, the existing ethical tools, as
well as the level of respect for the patient's rights
in providing medical services. The five-level Lik-
ert scale (for ordinal variables), single-choice or
multiple-choice matrices (for dichotomous or
nominative variables in accordance with the
question) were applied. At the same time, for
some questions, the respondents were given the
possibility of their own answers, by including the
open answer option and being asked to formu-
late suggestions for improving the ethics man-
agement of their institution.

Another questionnaire in a similar format was
created for the members of ethics / bioethics
committees of medical institutions and was
completed by 134 respondents. The question-
naire was composed of 25 questions with closed
and open answer options, the purpose of which
was to evaluate the opinions of members with
reference to the role and importance of commit-
tees and about their membership activity.

No personal data were recorded, the completion
of the questionnaires was done anonymously.

Statistical analysis: Descriptive statistics for dis-
crete data were performed by estimating relative
frequencies, completed with 95% confidence in-
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tervals (95% CI). Comparative evaluation was
performed using the 95% CI. The standard Chi-
Squared Test (a = 0.05) for Independence with-
out Yates' Correction was considered for 3x3 and
7x5 contingency tables. Visualization was per-
formed using barplots and heatmaps. The pro-
grams used for the statistical analysis were SPSS
26 and Google Collab.

RESULTS

The research found that in the medical institu-
tions of the country there was a low level of eth-
ics institutionalization, and the tools of ethics
management were used very different, from case
to case.

Codes of ethics

More than half of the respondents - 56.6% (95%
CI 53.7, 59.6) indicated that in their institutions,
there was no separate code, and thus the Code of
Ethics of the Medical Worker and the Pharmacist
was automatically applied (approved by Gov-
ernment Decision no. 192/2017). Practically, one
third of the respondents - 30.4% (95% CI 27.6,
33.1) did not know about the code of ethics in
their own institution. Only a small number -
13% (95% CI 11.0, 15.0) indicated the presence
of an institutional code. Every third employee in
republican hospitals - 37.9% (95% CI 32.8,
41.9), and among those in municipal hospitals -
36.5% (95% CI 30.0, 43.5), admitted that they
did not know about the code of ethics governing
the institution where they worked. The rate of
those who did not know about the code of ethics
was likely higher, possibly due to reporting bias.
One of the essential functions of the code should
be the unanimous endorsement of a set of values
that are commonly agreed upon by all staff. We
noted that only a fourth of the study respondents
- 25.5% (95% CI: 22.9, 28.1) considered that the
institutional values were promoted by all em-
ployees. 40.5% (95% CI: 37.5, 43.4) of respond-
ents believed that only some employees in their
institution knew the values, and 34% (95% CI:
31.2, 36.9) could not provide any opinion. We
could assume that refraining from answering
was a way to avoid a negative response, which
could affect the image of the collective in which
they operated.

More than half of the respondents working in the
private sector - 57.1% (95% ClI: 37.2, 75.5) con-
sidered that in their institutions all employees
knew the values declared at the institutional

level, while among employees from public dis-
trict hospitals, this value was only 20.4% (95%
Cl: 16.8, 24.4). A possible explanation could be
the fact that private institutions tend to have
much more insistent policies to maintain a high
degree of satisfaction of the beneficiary (the pay-
ing customer).

The respondents were asked about the way in
which they were informed about the ethical
principles and values that underlie the institu-
tion's activity. Also, we found the association
between this parameter and the hospital type. It
is worrying the fact that there were employees
who indicated that no one from the institution
informed them about this subject (fig. 1).

An ethical leadership

The managerial staff, for the most part, was ap-
preciated with a high score, which was an ad-
vantage for the institutions. However, the num-
ber of those who rated the behaviour of their
managers with a low score should not be ig-
nored. The assessment of the managers' beha-
viour was proposed through a five-level Likert
scale from 1 to 5, where 1 meant 'strongly disa-
gree' and 5 meant 'strongly agree.' 15.2% of phy-
sicians appreciated the behaviour of their man-
ager with only 1 or 2 points out of 5 (1 point -
9.1% (n=63, 95%CI 7.1, 11.5), 2 points - 6.1%
(n=42, 95%CI 4.4, 8.1)). A critical opinion was
also identified towards the vice directors -
18.8% of doctors gave a very low score to their
behaviour, namely 8.7% (n=60, 95%CI 6.7, 11.1)
- 1 point, and 10.1% (n=70, 95%CI 8.0, 12.6) - 2
points. Additionally, 13.6% of doctors rated the
behaviour of the immediate heads of the subdivi-
sions in which they worked as unsatisfactory
(6.4% (n=44, 95%CI 4.7, 8.5) - 1 point, and 7.2%
(n=50, 95%CI 5.4, 9.4) - 2 points).

The appreciation of the behaviour of the repre-
sentatives of the institution's administration has
improved with the increase of the respondents’
work experience (fig. 2). This trend can be ex-
plained by the loyalty that has developed in em-
ployees over time and the fact that the group of
respondents with a long work experience can
include more representatives of different levels
of management in the institution.

Among the negative assessments, the many re-
spondents mentioned the presence of favouri-
tism, lack of transparency and inappropriate

influences in managerial decisions.
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Figure 2. Negative assessment (1-2 points from 5) of managers' behaviour, by work experience, %.

Ethics/bioethics committees

The emergence of ethics/bioethics committees in
medical institutions is conditioned by the man-
datory criteria of the accreditation process. The
presence and activity of these committees has
been verified through the evaluation and accred-
itation procedure of the institution for a period
of 5 years (8, 9). Absolutely in all the institutions

included in the study (100%) there are such
committees.

Only 44.1% (95%CI 41.1, 47.1) of the respond-
ents rated the ethics committee as a very rele-
vant and useful structure. The number of those
who were unaware of the committee's activity
was alarmingly high at 18.9% (95%CI 16.5,
21.2), to which could be added those who could
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not assess its relevance - 20.8% (95%CI 18.4,
23.3). One in six respondents, 16.2% (95%CI
14.0, 18.4), stated that this structure in the insti-
tution was irrelevant and formal (fig.3).

B | don’t know about it
B It’s hard to appreciate

B [mportant
Formal and irrelevant

Figure 3. Usefulness of the institutional eth-
ics/bioethics committee, employees' opinion, %.

Some of the members of ethics/bioethics com-
mittees themselves were skeptical of the necessi-
ty of the committees they were part of. Practical-
ly, every fifth member included in the study
(18.9%) could not appreciate the usefulness of
these committees or considered them formal
structures just for filling the accreditation pro-
cedure.

Regarding the transparency of the work of the
ethics/bioethics committee, only half - 55.4%
(95%CI 52.4, 58.4) - of the employees confirmed
that its decisions were known within the institu-
tion. It is alarming that 18.6% (95%CI 16.3, 20.9)
stated that their colleagues did not know about
the committee's activities. To this group could be
added those who hesitated to give an answer -
26% (95%CI 23.4, 28.6), probably because they
were not familiar with any procedures that
would guarantee transparency and communica-
tion in this field.

Ethical training of employees

The ability of an organization to reach its full
potential remains dependent on the knowledge,
skills, and values of each employee. The research
determined that there were significant reserva-
tions regarding the ability of employees to rec-
ognize ethical dilemmas and conduct ethical
analyses. Only a little more than a third of the
respondents, 38.5% (95%CI: 35.6, 41.4), consid-
ered that they had a collective with sufficient
capacity for ethical analysis. At the same time,

one in three respondents—33.7% (95%CI: 30.9,
36.6)—believed that employees in their institu-
tion needed additional training and negatively
evaluated their ability to recognize and solve
moral dilemmas.

Half of the respondents from the private sec-
tor—50% (95% CI: 30.6, 69.4)—believed that
their collective had a high capacity for ethical
analysis. In contrast, only 33.9% (95% CI: 29.6,
38.5) of the respondents from republican hospi-
tals provided the same answer, followed by
those from primary care institutions—38.8%
(95% CI: 31.9, 46.0)—and from municipal hospi-
tals—41.8% (95% CI: 35.0, 48.8).

Just over a third of employees—36.2% (95% CI:
30.4, 36.1)—considered that they possessed the
necessary knowledge to make decisions in ethi-
cal dilemmas. Additionally, 43.2% of respond-
ents considered that they had insufficient
knowledge and would like additional training
(95% CI: 36.8, 42.7). The group of those who
considered that they needed extensive train-
ing—10.1% (95% CI: 7.5, 11.0)—was equal to
those who could not assess their knowledge—
10.3% (95% CI: 7.7, 11.2).

Doctors were more critical in assessing their
own knowledge regarding ethical evaluation
compared to nurses (fig. 4).

The interest focused on discovering where em-
ployees received the knowledge to deal with
ethical issues. It was of great concern that the
number of doctors who considered having re-
ceived no training in ethics throughout universi-
ty was 30.8% (95%CI 28.1, 33.6), and during
residency studies was 50.2% (95%CI 47.2, 53.2),
where the foundation for ethical analysis should
be laid. One in five doctors - 21.2% (95%CI 18.8,
23.7) - had no such training at work, while
29.1% (95%CI 26.3, 31.8) denied having re-
ceived such training in continuing education.
Additionally, some (13.7%) believed that the
training received was useless.

Ethics audit

The ethical audit, as well as the presence of ethi-
cal consultants, is not a practice applied in medi-
cal institutions in Moldova. However, the results
of the carried out research were the basis for the
development of a Grid for Ethics Audit, intended
for evaluation of medical institutions on three
dimensions: (a) the place of ethics in the policies,
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Figure 4. Appreciation of own level of knowledge in the field of ethics, by profession, %.

programs and strategic activities; (b) promotion
of ethical values and human rights principles; (c)
institutional environment (ethical climate) and
employees’ satisfaction.

The grid was applied by the author in two hospi-
tals. An extensive assessment was made, which
identified certain gaps and non-conformities
regarding ethical environment and the existing
risk of human rights violations, both from the
perspective of the patient and of the employee.
As a common conclusion it was determined that
ethics is included in the institutional policies
only in a general form, without any dedicated
activities or concrete programs. The institutions
have not developed sufficient procedures and
tools that would ensure the appropriate condi-
tions for respecting the patient's rights, especial-
ly regarding informing procedure and informed
consent collecting, accepting the patient's re-
fusal, communicating with non-native patients,
etc. Based on the performed audit, the institu-
tions received a set of solid recommendations for
improving the situation.

The grid was published (10), being presented to
managers from the healthcare system who can
use it for self-evaluation/internal audit of their
institutions at a certain frequency.

DISCUSSIONS

The research identified a series of gaps in the
organization of the ethical dimension in health-
care facilities of the Republic of Moldova, both

hospital and primary care institutions. Tools
proposed in the ethics management theories are
insufficiently implemented. The role of ethics
codes, ethics committees and of the periodic
ethical training at the workplace is insufficiently
explored. At the level of medical institutions,
there are also identified some gaps in the promo-
tion of values-based leadership and ethical mo-
del of managers. Ethical counselling is very little
applied in daily clinical activity. There are no
consultants dedicated to the ethical assistance of
employees in medical institutions. The ethical
audit is not a procedure implemented in the
evaluation practice of the medical institutions of
the Republic of Moldova.

The described managerial tools have an extreme-
ly important role in organizing ethical environ-
ments in medical institutions, especially to en-
sure a high quality of the services provided and
to increase the satisfaction of both the providers
and the beneficiaries of medical services (1, 11).

Firstly, the codes of ethics are valuable tools for
improving the ethical climate of an organization.
During the last years, many works are dedicated
to the structure and content of ethical codes,
their importance for organizations being empha-
sized (12). Managers cannot continuously and
directly communicate to employees the ethical
behaviour that is expected of them. For this, a
more structured and constant form of communi-
cation is needed. Therefore, a code of ethics is
required as the primary means of guiding em-
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ployees to behave ethically. Managers should be
interested in transforming the code of ethics
from a formal text printed on paper into a living
document woven into the organizational culture
(13). Muresan V. (7) identifies several important
aspects in defining a code of ethics, considering
that this document clearly demarcates the field
of morals in the life of an organization. The code
will promote the desirable values and virtues of
the organization, which must always be educated
among employees so that their moral actions are
habitually voluntary, regardless of the circum-
stances. Thus, a code will impose a minimum
number of expectations that apply to all employ-
ees, providing clarity regarding their responsibil-
ities (1).

Secondly, a manager will always be seen as a
model and example of behaviour for the organi-
zation they lead, and the promotion of an ethical
leadership is an effective tool for the institution-
alization of ethical behaviours (14). The leaders’
behaviour and personality are very important in
building trust of employees (15). The behaviour
and image of the manager will be replicated by
employees, at different levels. It is hard to imag-
ine that we can find an ethical climate in an or
ganization where the manager has integrity
problems, is opportunistic, suspected of acts of
corruption and bribery, has an arrogant behav-
iour and does not have self-control over his emo-
tions, allowing his aggressive impulses to take
over in communicating with employees (16).

Thirdly, institutional ethics committees are con-
sidered important tools in the management of
the medical institution. The activity of these
structures should be organized on three dimen-
sions: continuous education of the staff, ethical
consultation and policy development (17). These
structures should provide essential support to
healthcare managers in ethically complicated
decision-making situations, when conflicts and
contradictions of values are evident (18). The
formal presence of committees in the structure
of medical institutions is only a loss for manag-
ers who should benefit to the maximum from the
support of these multidisciplinary teams, which
can offer them useful visions and approaches.

Fourthly, to ensure a high quality of services, the
management of an institution will have to ensure
the high degree of ethical competence of its em-
ployees as well as the continuous professional
development that it provides for its staff. On-the-

job training is considered one of the main tools
of the process of institutionalizing ethics. Such
trainings should be organized with periodicity,
succeeding from the problems identified during
the daily practical activity (19). However, even if
the effectiveness and the positive impact of ethi-
cal training on organizational outcomes is
demonstrated, in practice, ethics training efforts
are often met with resistance and scepticism by
employees. That is why it is very important to
draw special attention to the format and applica-
tion content of these trainings, in order not to
turn them into formal meetings without practical
utility (20).

Fifthly, the ethics audit is approached as a pro-
active tool of ethics management for the devel-
opment of integrity in organizations (21). This is
an assessment to determine whether it is neces-
sary to make any changes in the organization's
environment and to strengthen its ethical poli-
cies (2). An ethics audit can help executives as-
sess how well an organization has met its legal
and ethical obligations, uncover or prevent ethi-
cal risks, and strategically plan social responsi-
bility activities (22).

Some authors recommend replacing the word
audit with ethical assessment or ethical inventory,
considering that the assessment of the level of
compliance of an organization with the context
of assumed values is much broader and deeper,
compared to the verification of the correspond-
ence of some numbers, as is the financial audit,
which seems to be narrower than the ethical one
(23).

An ethics audit should cover three broad areas:
(a) the organization's values; (b) governance;
and (c) legal compliance (2). The requested pur-
pose of the audit will determine the choice of
matters that are included in the audit examina-
tion (1).

At the same time, the research had some limita-
tions, as it did not allow to specifically identify
the ethical problems of each institution, as well
as its causes. This can be developed, subsequent-
ly, by applying the audit grids at the institutional
level, in the organizational environments of the
medical institutions in the country, which will
allow the identification of gaps and non-
conformities, as well as the identification of solu-
tions for the institutionalization of ethics to be
able to ensure compliance with moral values and

the principles of fundamental human rights.
51 I



ONE HEALTH &

4 OH.R

RISK MANAGEMENT

VOL. 5, ISSUE 4
2024

CONCLUSIONS

1. The activities of organizing ethics in the institution can be carried out by means of a series of in-
struments, such as: the elaboration of institutional codes of ethics; ensuring ethical leadership; the
activity of institutional ethics committees; ethics training within the organization; ethics audits;
appointing the person responsible for ethical issues and promotion of ethical climate and culture.

2. For an adequate process of institutionalizing ethics, it is important to implement all tools, because
each of them has its own goals and purposes that add value to this complex process.

3. The organization and maintenance of an ethical environment and culture, implementation of eth-
ics programs, should be the priorities of a manager interested in the quality of the services pro-
vided in their institution, as well as in building an organization with a high degree of morality.

4. The implementation of ethics management programs should become an indispensable part of the
strategies and development plans of medical institutions, through which employees should adopt
and conform to common values, which would determine ethical decision-making behavior.
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Titre et auteurs
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Structure du manuscrit
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— METHODES
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— DISCUSSIONS
— CONCLUSIONS
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— REMERCIEMENTS ET FINANCEMENT
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— REFERENCES
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— Introduction
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— 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 1'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 1'ordre
ou elles apparaissent dans le texte. La citation de la
source de référence sera de style AMA, placée a la fin
de '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 l'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.
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TPEBOBAHUA AJ11 ABTOPOB

IIpaBuia cocraB/ieHUs

[TogroToBka pykonucu (pa3paboTaHHOM Ha aHTJIMM-
CKOM W QpaHLy3CKOM 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 WpudT Cambria, pasmep 11 Touek, ¢ UH-
TepBasioM 1,0, BbIpaBHHBaHUE 10 LIMPUHE, N10JIF 2 CM
CO BCeX CTOpOH. Bce cTpaHHUIbI AOKHBI OBITH MPO-
HyMe-pOBaHbI MOC/Ie/J0BAaTEeJbHO (B MPaBOM HMXKHEM
YyIJy) U BK/JIIOYATh HEMPEPHIBHYI0 HYMepaluio CTpa-
Hul. CoKpalleHHUsl [AO0JDKHBI ObITh OO'bSICHEHbI MPHU
MepPBOM IOSIBJIEHUH B TEKCTE U HE JIO/IKHBI UCII0JIb30-
BaTbCsA 4pe3MepHo. O6beM pyKomuced He JOJDKEH
npeBblLaTh (6e3 Ha3BaHUS, NMPUHAJJIENK-HOCTH, pe-
3I0Me U JINTepaTyphl): s 0630pHBIX cTaTeil/pede-
patoB — 4500 cyioB; /yig Hay4HbIX cTa-Ted — 3000
CJIOB; I/1s1 9KCIIEPTHBIX 3aKItodeHui — 2500 coB; s
Mpe3eHTal U CIy4aeB U3 KIMHU-4YeCKoW/1abopaTop-
HO# npakTuku — 1700 c/10B; A5 9KCIePUMEHT AT bHBIX
U KJIMHU4YecKux 3aMeToK — 1300 coB; Ajs pelieH3un
u npe3eHTanui KHUT — 2000 c10B; JJ151 y4e6GHBIX CTa-
Ter — 4000 cyioB. O6'beM TAGJINIL M PUCYHKOB He I0JI-
»KEH MpeBhIATh Y3 0T o6beMa pykonucH. JKypHan
ocTaBJisieT 3a C060 MpPaBO BHOCUTH JIIOObIE ApyTHe
n3MeHeHUs1 ¢popMaTupoBaHus. OTKIOHEHHbIE PYKO-
MKCH He BO3BPALIAIOTCS.

Bce pykomucH, mpeAcTaBJIeHHbIe AJA NMyGJIHKa-
MU, A0/KHBI COPOBOKAAThCS JBYMA pe3loMe: Ha
s3bIKE OPUTHHA/Ia CTaThM M Ha aHIVIMICKOM
sI3bIKE.

HasBaHue 1 aBTOpBI

HasBaHMe JOKHO OBITh KaK MOXKHO Kopoye (MaKcu-
MyM - 120 3HAKOB ¢ po6esIaMu), HO JIOC-TaTOYHO UH-
bopMaTUBHBIM s cojiepkaHus pykonucu. damu-
JIMM aBTOPOB OyAyT HallMCaHbI OJHOCTbIO: UMS, da-
munusi (Hanpumep: WBan WBAHOB). Ipunapgnex-
HOCTb OyjerT BkIlo4yaTh: Otgnenenue/ Jlemapra-
meHT/Kadenpa, YHuBepcurter /BosbHuua, [opog,
CTpaHa Ji1s1 KaXA0ro aBTopa. JJaHHble COOTBETCTBYIO-
1lero aBTOpa M KOHTAaKTHass UHOp-Mauus — ajpec
3JIEKTPOHHOM NOYTHI (Hanpumep: KOHTaKTHast UHPOp-

MaLus: HNBaH HNBaHOB. e-mail:
ivan.ivanov@gmail.com) 6yayT 0653aTeIbHO HUXe.
CtpykTtypa Pykonucu

Pykomuce 6yZieT BK/IIOYATh B ce6s caeAyIolye no/3a-
roJIOBKH (OHH JJOJIXKHBI ObITh 3arJIaBHBIMU):
— PE3IOME (cM. TpeGoBaHUS HUXKE)
— BBEJEHHME (6yzeT oTpakaTb aKTyaJb-HOCTb U
ob611lee Mpe/iCTaB/JeHHe U3y4aeMoi IPo6JieMbl, ie/b
Y TUIIOTE3Y UCCIeL0BAHMSA)
— MATEPHUAJIbI U METO/JbI
— PE3YJIbTATbI

- JUCKYCCHUHU

— BBIBO/IbI

— KOH®JIUKT UHTEPECOB

— BJIATOAAPHOCTU U ®PUHAHCUPOBAHUE

— JTHUYECKOE OJOBPEHME (yka3aTb Hajlduue

WJIK OTCYTCTBHUE OZ06pEHUsI CO CTOPOHBI KOMUTETA

no aTuke: N9, 1ata, yupexjeHre 1 “HGOPMUPOBaH-

HOe COrJiacue)

— JIMTEPATYPA
Pe3ome fomxHO cofepkaTh 1600 3HAKOB ¢ mpobe-
JIaMM U OYJIET BKJIIOYATh B Ce051 CleiyIol1e [10/3aro-
JIOBKH:

— BBeaeHue

— Marepuaabl U METOABI

— PesyabTaTsl

— BbIBOABI

— Kno4deBsle ciioBa: 3-5 cioB
Pe3roMe He JIO/I’KHO BKJIFOYATh TAOJIUIIb], AUATPAMMBI
U 6ubsnorpadruyecKkde 3aMeTKH, HHPOP-MaIHI0, He
Hpe/CTaBJIEHHYO0 B UCCIeJ0BaHUM.
PucyHnku (rpa¢uxy, guarpaMmmsbl). TEKCT, BKIOYEH-
HbId B PHUCYHKH, JJOJOKeH ObITh HamucaH B Cambria,
pasMep 10 nyHKTOB. Kaxkblil pUCyHOK JIOJI’KEH CO-
IPOBOK/JIAThHCS 3ar0JIOBKOM M onvcaHueM. Ha3Banue
(Hanpumep: PucyHok 1) u onrcaHue pUCyHKa JI0JI>KHbI
OBbITh BIHCAHBI MO IEHTPY, B HU3Yy pHUCYHKa. OHU
JLIOJ>KHBI OBITH IPOHYMePOBaHbI apabCKUMHU b paMu
Y yKa3aHbl B TEKCTE B CKOOKax (Hanpumep: puc. 1).
Ta6mnbl. TeKcT, BKIYEHHBIH B Tab/IUIbI, JODKEH
6bITh Hanucad B Cambria, pasmep 10 nyHkTOB. Kax-
Jlasi TabJMna J0JKHA COMPOBOXK/IATHCS 3arOJIOBKOM.
OHU [JOKHBI BCTABISATHCS B TEKCT, HE PEBbILIAS LIH-
puHy cTpaHulpbl. Jlo/KHBI OBITh MPOHYMEPOBAHBI
apabckuMu nudpaMu U yKa3aHbl B TEKCTE B CKOOKaX
(Hanpumep: Ta6. 1). HasBaHue TabuIbI JOIKHO pac-
noJsiaraThbCs HaZ, TabsnleH B neHTpe (Hanpumep: Tab-
savna 1).
Jlutepatypa. UCTOYHUKHN [JO/DKHBI GbITH HPOHYMe-
pPOBaHbBI B MOPSI/IKE UX MOSBJIEHUS B TeKCTe. CChLIKU
Ha WCTOYHUKHU JIO/DKHBI ObITh B cTuie AMA, mome-
IeHbl B KOHLE CTaTbU W BKJIOYATh TOJBKO HCTOY-
HUKU, [UTUPYeMble B TeKCTe (YIIOMHHaHHE HOMepa
HCTOYHHKA B KPYTIJIbIX CKO6Kax). Eciu ofiUH U TOT ke
HCTOYHHUK LIUTHUPYETCS HECKOJIBKO pa3s, OH OyJeT Ie-
peJlaH B TEKCTE C TeM ke HOMEPOM, YTO U MepBbIH pas.
OO01ee KOJIMYECTBO UCTOUHUKOB HE JIOJDKHO MPEBBI-
maTh 50. OTBETCTBEHHOCTD 32 TOY-HOCTb JAHHBIX Jie-
KUT Ha aBTOpe. BylyT [uTHpO-BaThCSA TOJBKO TE UC-
TOYHUKH, C KOTOPBIMU 03HAKOMUJINCh aBTOPBI PYKO-
nucd. KoOMIOHEHTbl CHpPaBOYHBIX HCTOYHHUKOB
JIOJDKHBI OBITh HaNKMCaHbl CTPOTO B COOTBETCTBUMU C
TPebOBaHUSIMHU.

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

é The WHO defined health in 1946 as "a state of complete physical,
g 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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