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Senior scientific advisor for ICARS,  

Denmark, Copenhagen 

 

Antimicrobial resistance (AMR) poses a threat to global health, thus requiring a collaborative effort 
from professionals across diverse disciplines to achieve optimal health outcomes for humans, animals, 
plants, and the environment.  

Therefore, it is essential to recognize that -effective planning and implementation 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-quality evidence rather than merely a supplementary or unconventional approach to scientific 
research. 

For example, a multidisciplinary and One Health approach 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 journal promotes interdisciplinary collaboration and sup-
ports innovative research within The One Health Field, particularly regarding AMR. Thus, I would 
like to sincerely congratulate the colleagues from Republic of Moldova for their remarkable achieve-
ment in publishing the fourth issue of this national journal. This initiative encourages collaboration, 
stimulate innovative research, as well as contribute significantly to the overall global efforts in tack-
ling the AMR-related challenges.  Enjoy reading a good compilation of   multidisciplinary work.   
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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 vegetable 
oils.  
Material and metho sd . 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.  
 
 

Cuvinte-cheie: Asta-
xantina, Haematoco-
ccus pluvialis, compus 
bioactiv, antioxidant, 
ulei vegetal, diene 
conjugate. 

ASTAXANTINA DERIVATĂ DIN HAEMATOCOCCUS PLUVIALIS – UN PUTERNIC COMPUȘ 
BIOACTIV PENTRU ULEIURILE VEGETALE  
Introducere. Beneficiile astaxantinei (AXT) pentru sănătate rezultă din acțiunea sa protec-
toare. Acest antioxidant puternic neutralizează radicalii liberi și protejează celulele împo-
triva stresului oxidativ. Studiul a avut ca scop evaluarea rolului protector al astaxantinei, 
obținute din Haematococcus pluvialis, în reducerea efectelor oxidării termice asupra acizilor 
grași din uleiurile vegetale.  
Material și metode. Astaxantina, obținută prin extragere din biomasa de Haematococcus 
pluvialis, a fost adăugată la uleiurile: de măsline, floarea-soarelui, migdale, nuci, susan și de 
mac în concentrația de 0,26-0,29 mg/ml. Evoluția procesului oxidativ a fost monitorizată în 
baza formării dienelor conjugate. Formarea dienelor conjugate a fost înregistrată spectro-
fotometric.  
Rezultate. Astaxantina a redus cu 30-34% conținutul dienelor conjugate în uleiurile de 
susan, migdale și de nuci. Astaxantina a demonstrat un efect antioxidant semnificativ pentru 
uleiul de mac, expus temperaturilor înalte, diminuând formarea dienelor conjugate cu 42% 
și amânând oxidarea cu 60 de minute, în comparație cu uleiul netratat. Pentru uleiul de 
floarea-soarelui, care a prezentat un grad ridicat de oxidare termică, adăugarea de AXT a 
redus formarea dienelor conjugate cu 22%.  
Concluzii. Astaxantina derivată din Haematococcus pluvialis a redus semnificativ formarea 
dienelor conjugate în diverse uleiuri vegetale, indicând 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-α, inter-
leukin-6, and IL-1β 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). 
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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; K2HPO4 – 0.08; NaCl – 0.02; 
CaCl2 – 0.05; MgSO4∙7H2O – 0.01; ZnSO4∙7H2O – 
0.0001; MnSO4∙5H2O – 0.0015; CuSO4∙5H2O – 
0.00008; H3BO3 – 0.0003; (NH4)6Mo7O24∙4H2O – 
0.0003; FeCl3∙6H2O – 0.0175; Co(NO3)2∙6H2O – 
0.0002; EDTA – 0.0075; at a temperature of 26°C, 
under constant illumination of 28 µmol m-2 s-1 
with periodic stirring for the first ten days of cul-
tivation. Astaxanthin production was induced by 
excessive illumination at 56 µmol m⁻²s⁻¹ 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 μg/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. 
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D 

 

E 

 

F 

 
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). 
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Note: n=3, "0"- native oils, * p<0.05; ** p<0.01; *** p<0.001 

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). 

 

 
Note: n=3, "0"- native oils, * p<0.05; **p<0.01; *** p<0.001 

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). 

The type of oil  
Unsaturated fatty acids, 

% total fatty acids  
Saturated fatty acids, 

% total fatty acids  
18:1n9 18:2n6 18:3n3 n3 + n6 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%), α-linoleic acid (ω-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 

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 β-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 β-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). 

 

CONCLUSIONS 

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 exa mple, 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.  
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Introduction. Despite progress in s exual and r eproductive h ealth (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. 
 

Cuvinte-cheie: ado-
lescenți, sănătate sex-
uală și repro-ductivă, 
aplicație digi-tală, ac-
ces la asistență medi-
cală, studiu cali-tativ 
și cantitativ. 

ÎMBUNĂTĂȚIREA NIVELULUI DE CUNOȘTINȚE ÎN DOMENIUL SĂNĂTĂȚII SEXUALE ȘI 
REPRODUCTIVE AL TINERILOR AUTOHTONI ȘI AL CELOR REFUGIAȚI ÎN REPUBLICA 
MOLDOVA: O INIȚIATIVĂ DIGITALĂ COMUNITARĂ 
Introducere. Deși au fost realizate progrese în domeniul sănătății sexuale și reproductive 
(SSR) în Republica Moldova, adolescenții continuă să se confrunte cu dificultăți în accesarea 
informațiilor corecte și a serviciilor de sănătate. Pentru a răspunde acestor provocări, a fost 
dezvoltată YK App, o resursă digitală menită să sporească nivelul de alfabetizare în domeniul 
sănătății și accesul la asistență medicală pentru tinerii moldoveni și cei refugiați. Material 
și metode. S-au selectat 3 grupuri-țintă regionale, constituite din 50 de tineri cu vârste între 
15-24 ani, inclusiv refugiați ucraineni. Discuțiile, desfășurate în mai multe limbi, au explorat 
cunoștințele participanților despre SSR, sursele de informații, barierele  și factorii facilitatori. 
Datele calitative și profilurile socio-demografice au fost analizate tematic și descriptiv. Re-
zultate. Tinerii se informează preponderent pe rețelele sociale despre SSR, însă cunoștințele 
lor vizând , în special, problemele legate de contracepție, infecții cu transmitere sexuală, pu-
bertate și menstruație prezintă lacune substanțiale. Deși specialiștii din domeniul sănătății 
sunt recunoscuți ca fiind niște surse credibile, rușinea și teama de respingere îi descurajează 
pe tineri în a se implica direct în soluționarea problemelor cu care se confruntă. Anonimatul, 
confidențialitatea și platformele digitale au fost identificate ca principale bariere în accesul 
la informații. Concluzii. Datele obținute relevă potențialul impactului pe care îl pot exercita 
resursele digitale SSR asupra tinerilor. Conținuturile formulate clar, ușor de înțeles (audio și 
video), colaborarea cu profesioniști din domeniul sănătății și cu organizațiile oficiale vor 
servi drept elemente-chei în asigurarea credibilității. 
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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 if a 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. 

Country regions 
Female Male Total 

N % N % N % 

FGD 1 (South) <5 10 <5 6 8 16 

FGD 2 (Centre) 8 16 8 16 16 32 

FGD 3 (North) 12 24 14 28 26 52 

Total  25 50 25 50 50 100 

 

 
 

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 1 years. <5 36 

Romanian 18 36 1,5 years <5 18 

Ukrainian 8 16 2 years <5 36 

Other (list) <5 4 11 years <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, 
friends, as well as find entertaining videos and in-
teresting facts" (Male, aged 19-24); "Personally, I 
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 

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." 
(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 I 
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 I 
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"). 

 

 

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, 
it was always with my truthful ideas and answers. 

37 74 

I 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 
really agree with what they were saying. 

4 8 

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

9 18 

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. 

2. 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. 

3. 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. 

Cuvinte-cheie: 
pandemia COVID-19, 
metoda e-Delphi, 
servicii de asistență 
medicală, satisfacția 
pacienților, validarea 
chestionarului. 

OPTIMIZAREA EFICACITĂȚII SONDAJELOR DE SATISFACȚIE A PACIENȚILOR             
PRIVIND PANDEMIA DE COVID-19 ÎN INDIA – UN PROCES DE VALIDARE BAZAT PE 
METODA DELPHI 
Introducere. Pandemia de COVID-19 din India a cauzat scumpirea serviciilor medicale și 
scăderea satisfacției pacienților. Acest studiu a avut ca scop elaborarea și validarea unui 
nou chestionar pentru evaluarea satisfacției pacienților privind serviciile medicale în con-
textul pandemiei COVID-19 din India. Material și metode. A fost folosită metoda e-Delphi 
pentru a elabora și valida un chestionar de autoraportare, care  a inclus în total 18 între-
bări închise ce urmau să evalueze satisfacția pacienților cu această maladie. Un grup de 
experți, care include profesioniști din domeniul sănătății, și evaluatori  din domeniul sănă-
tății publice au ratificat instrumentul printr-o  serie de runde structurate. Rezultate. Ches-
tionarul elaborat în studiu măsoară experiențele pacienților în timpul episodului de spita-
lizare și a fost implementat ca instrument esențial pentru factorii de decizie sau prestatorii 
de servicii medicale, concentrându-se pe aspectele cele mai relevante care ar trebui luate 
în considerare, care ajută la o mai bună înțelegere a modului în care aceștia pot răspunde 
mai eficient pentru satisfacerea nevoilor respective. Mai mult, deoarece întrebările au fost 
încadrate într-o manieră  lingvistică și socio-culturală ai populației indiene, , sporind astfel 
relevanța contextualității. Concluzii. Acest studiu va  elucida lacunele importante în eva-
luarea satisfacției pacienților în timpul unei crize de îngrijire medicală, evidențiind, de ase-
menea, utilizarea tehnicii Delphi pentru validare și pentru a obține date valabile privind 
perspectiva pacientului care pot fi utilizate în continuare pentru a elabora politici și a în-
țelege percepția de îmbunătățire a studiilor efectuate în 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 
 

 
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 sociodemographic aspects. 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  

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. 

 

CONCLUSIONS 
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. 
 
 

Cuvinte-cheie: 
microalge, Chlorella 
vulgaris, 
Scenedesmus 
quadricauda, 
Paramecium 
caudatum, efectivul 
numeric, rata de 
reproducere. 

IMPACTUL MICROALGELOR CHLORELLA VULGARIS ȘI SCENEDESMUS QUADRICA-
UDA ASUPRA PARAMETRILOR DE CREȘTERE A CILIATEI PARAMECIUM CAUDA-
TUM 
Introducere. Un aspect important al cercetărilor în domeniul ecologiei microorganismelor 
constă în înțelegerea interacțiunilor dintre organisme, în special influența pe care o au 
acestea asupra  ecosistemului acvatic. Microalgele verzi (Filumul Chlorophyta) reprezintă 
un grup divers de organisme fotosintetice, care au un rol semnificativ în ciclurile ecologice. 
Astfel, investigațiile au fost orientate spre evaluarea impactului a două specii de microalge, 
Chlorella vulgaris și Scenedesmus quadricauda, asupra parametrilor de creștere a popula-
ției naturale de Paramecium caudatum. 
Material și metode. Ca suport metodologic au servit cercetările propuse de cercetătorii 
Kokova V. (1982) şi Likhachev S.V. (2020). Productivitatea infuzoriilor a fost determinată 
după viteza dividerii lor, conform cercetătorilor Zaika V. E. (1983) şi Spinei L. (2009). Ex-
perimentele s-au desfăşurat în intervale de timp de 24 - 144 ore, utilizând concentrațiile 
soluțiilor de microalge de 0,1; 0,5; 1 și 10 mg/l. 
Rezultate. Pentru Chlorella vulgaris s-a constatat că dozele mai mici au generat un efect 
stimulativ semnificativ asupra P. caudatum, cu creșteri notabile ale numărului și ratei de 
reproducere. În cazul Scenedesmus quadricauda, dozele mai mici au avut un efect stimula-
tor pronunțat, în timp ce dozele mari au dus la rezultate diferențiate, inclusiv creșteri și 
scăderi ale parametrilor. 
Concluzii. Concluziile indică faptul că ambele microalge au un potențial stimulator asupra 
populației naturale P. caudatum, în 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 

 



 
 

 

    36  
 

VOL. 5, ISSUE  4 
2024 

 

2020 
 

hours using the binocular microscope MBС-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. 

Experi- 
mental 
groups 

N 

Chlorella vulgaris 
Sample size 

(Nt) 
M±ES 

Difference compared to the 
control 

Repro 
duction rate 
(Cw) M±ES 

Difference compared to 
the control 

d % td d % td 
24 h 

Control 10 6.00±0.67    1.79±0.11    

0.1 mg/L 10 3.40±0.55 -2.60 43.33 3.00** 1.22±0.18 -0.57 31.84 2.70** 
0.5 mg/L 10 4.90±0.53 -1.10 18.33 1.29 1.59±0.12 -0.20 11.17 1.23 
1 mg/L 9 5.89±1.10 -0.11 1.83 0.09 1.77±0.17 -0.02 1.12 0.10 
10 mg/L 10 2.40±0.17 -3.60 60.00 5.21*** 0.88±0.07 -0.91 50.84 6.98*** 

72 h 
Control 9 109.00±18.69    1.56±0.05    

0.1 mg/L 10 157.60±35.38 +48.60 44.59 1.21 1.69±0.09 +0.13 8.33 1.26 
0.5 mg/L 10 178.40±18.80 +69.40 63.67 2.62** 1.73±0.03 +0.17 10.90 2.92** 
1 mg/L 10 187.40±30.00 +78.40 71.93 2.22* 1.74±0.05 +0.18 11.54 2.55* 
10 mg/L 10 136.00±24.71 +27.00 24.77 0.87 1.64±0.08 +0.09 5.77 0.95 

120 h 
Control 10 199.40±27.14    1.06±0.04    

0.1 mg/L 10 354.90±80.94 +155.50 77.98 1.82 1.17±0.06 +0.07 6.60 0.97 
0.5 mg/L 10 437.30±101.26 +237.90 119.31 2.27* 1.22±0.06 +0.11 10.38 1.53 
1 mg/L 10 301.30±28.72 +101.90 51.10 2.58** 1.14±0.02 +0.09 8.49 2.01* 
10 mg/L 9 223.33±44.06 +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    

0.1 mg/L 10 343.90±45.68 +183.60 114.54 3.80*** 0.97±0.03 +0.12 14.12 3.33*** 
0.5 mg/L 10 460.50±32.87 +300.20 187.27 8.23*** 1.02±0.01 +0.17 20.00 7.60*** 
1 mg/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/l, and 10 mg/L  

of Chlorella vulgaris medium over 24…144 hours (ῖ(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% 
(td=3.80; P<0.001), while at 0.5 mg/L, it in-
creased by +300.20, with a substantial increase 
of 187.27% (td=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% 
(td=4.90; P<0.001) and Cw by 14.10% (td=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  

Experi- 
mental 
groups 

N 

Liquid culture of the microalgae Chlorella vulgaris 

Population 
size (Nt) 

M±ES 

Difference compared to 
the control 

Reproduc 
tion rate 

(Cw)M±ES 

Difference compared to the 
control 

d % td d % td 
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* 1.36±0.14 -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 
72 h 

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 
0.5 mg/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    1.06±0.04    

0.1 mg/L 10 160.10±33.02 -39.30 19.71 0.92 1.02±0.05 -0.04 3.77 0.62 
0.5 mg/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    

0.1 mg/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) 
 

  

 
 

 

 

 

 

 

 

 

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 (ῖ(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% (td=3.54; P<0.001), and Cw de-
creased by 44.80% (td=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. 

Experi- 
mental 
groups 

N 

Scenedesmus quadricauda 
Population 

size (Nt) 
M±ES 

Difference compared to 
the control 

Reproduction 
rate 

(Cw)M±ES 

Difference compared to the 
control 

d % td d % td 
24 h 

Control 10 3.50±0.39    1.25±0.11    

0.1 mg/L 9 4.00±0.64 +0.50 14.29 0.67 1.39±0.02 +0.14 11.20 1.25 
0.5 mg/L 10 3.10±0.29 -0.40 11.43 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** 
10 mg/L 8 1.88±0.24 -1.62 46.29 3.54*** 0.63±0.14 -0.62 49.60 3.48*** 

72 h 
Control 9 90.00±33.64    1.50±0.12    

0.1 mg/L 10 101.00±24.27 +11.00 12.22 0.27 1.54±0.09 +0.04 2.67 0.27 
0.5 mg/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 -38.43 42.70 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    

0.1 mg/L 10 194.50±35.91 -16.61 7.87 0.26 1.05±0.05 -0.02 1.87 0.26 
0.5 mg/L 10 267.00±46.50 +55.89 26.47 0.79 1.12±0.07 +0.05 4.67 0.54 
1 mg/L 10 152.33±27.41 -58.78 27.84 0.99 1.01±0.04 -0.06 5.61 0.83 
10 mg/L 8 114.50±31.48 -96.61 45.76 1.57 0.95±0.05 -0.12 11.21 1.54 

144 h 
Control 9 262.67±23.76    0.93±0.02    

0.1 mg/L 10 203.50±29.23 -59.17 22.53 1.57 0.89±0.04 -0.04 4.30 0.10 
0.5 mg/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 
10 mg/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% (td=2.51; P<0.05) and contributed 
non-significantly to an increase in Cw by 5.38% 
(td=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. 

 

 

 
 

  

 

 

  

  

 

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% (td=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% (td=1.16; P˃0.05), 
and Cw significantly decreased by 24.67% 
(td=2.66; P˃0.01(S)). The deviation is significant 
since td (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. 

Experi- 
mental 
groups 

N 

Liquid culture of the microalgae Scenedesmus quadricauda 
Population 

size (Nt) 
M±ES 

Difference compared to 
the control 

Reproduc-
tion rate 

(Cw) M±ES 

Difference compared 
to the control 

d % td d % td 
24 h 

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 

72 h 
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 10 158.90±33.66 -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±35.87 -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 

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. 

 

CONCLUSIONS 

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. 

2. 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.     

3. 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. 

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

5. 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 (α = 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% CI: 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. 
 

Cuvinte cheie: 
managementul 
eticii, codul de etică, 
conducerea etică, 
instruirea în etică, 
auditul etic. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

INSTITUȚIONALIZAREA ETICII PROFESIONALE ÎN INSTITUȚIILE MEDICALE DIN 
REPUBLICA MOLDOVA 
Introducere. Procesul de instituționalizare a eticii constă în implementarea unor 
instrumente precum: codul de etică, leadershipul etic, instruirea eficientă, comitetele de 
etică, auditul pentru etică şi, consultanți eticieni. Articolul prezintă o analiză a situației cu 
privire la rolul acestor instrumente de etică în activitatea instituțiilor de sănătate din 
Republica Moldova.  
Material și metode. Cercetarea a fost realizată pe 2 grupuri țintă: un studiu transversal 
pe un eșantion de 1070 de angajați din 120 de instituții spitalicești și de asistență primară, 
și un eșantion de 134 de membri ai comitetelor de etică/bioetică, pentru acestea fiind 
elaborate două chestionare anonime în Ggoogle forms.  
Rezultate. În instituțiile medicale din țară se atestă un nivel precar de instituționalizare a 
eticii, iar instrumentele de management etic au fost aplicate foarte diferit. Doar 13% 
(CI95% 11,0, 15,0) dintre respondenți au indicat prezența unui cod instituțional, iar 30,4% 
(CI95% 27,6, 33,1) recunosc că nu au știut despre așa cod în instituția lor. Doar 25,5% 
(CI95% 22,9, 28,1) dintre respondenți consideră că valorile instituționale au fost promo-
vate de către toți angajații, şi doar 36,2% (IC95% 30,4, 36,1) dintre cei chestionaţi  posedă 
cunoștințele necesare pentru a lua decizii în situații de dileme etice.   
Concluzii. Lacunele depistate ne sugerează că, integrarea continuă a eticii în activitatea 
instituției ar trebui să fie prioritară pentru managerii instituțiilor medicale din țară. 
Aceasta este o condiție importantă în asigurarea calității serviciilor, iar implementarea 
programelor de etică ar trebui să devină o parte indispensabilă a strategiilor de dezvoltare 
instituțională. 
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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 (α = 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% CI: 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% 
CI: 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 1. The source of information about the institution's values, by institution type,  

absolute figures, %. 
 

 

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). 
 

 

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). Mureșan 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. 
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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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écrit avec police Cambria, taille 10 points. Chaque ta-
bleau doit être accompagné par un titre. Les tableaux 
seront numérotés avec des chiffres arabes, mentionnés 
dans le texte entre parenthèses (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 être numérotées dans l'ordre 
où elles apparaissent dans le texte. La citation de la 
source de référence sera de style AMA, placée à la fin 
de l'article et n'inclura que des références citées dans 
le texte (mentionnant le numéro de référence entre pa-
renthèses rondes). Si la même référence est citée plu-
sieurs fois, elle sera transmise dans le texte avec le 
même numéro que celui de la première citation.  Le 
nombre total de références ne dépassera pas 50 
sources. La responsabilité pour l’exactitude des  don-
nées est à 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 être rédigés strictement selon les exi-
gences. 

Pour plus d'informations, voir: http://journal.ohrm. 
bba.md/index.php/journal-ohrm-bba-md/editing_ 
guidelines 
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ТРЕБОВАНИЯ ДЛЯ АВТОРОВ  

Правила составления 
Подготовка рукописи (разработанной на англий-
ском и французском языках) будет осуществ-
ляться в соответствии с инструкциями, опублико-
ванными в: Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals (1994) Lancet 1996, 
348, V2; 1-4 (www.icmje.org). Авторы должны ис-
пользовать шрифт Cambria, размер 11 точек, с ин-
тервалом 1,0, выравнивание по ширине, поля 2 см 
со всех сторон. Все страницы должны быть про-
нуме-рованы последовательно (в правом нижнем 
углу) и включать непрерывную нумерацию стра-
ниц. Сокращения должны быть объяснены при 
первом появлении в тексте и не должны использо-
ваться чрезмерно. Объем рукописей не должен 
превышать (без названия, принадлеж-ности, ре-
зюме и литературы): для обзорных статей/рефе-
ратов – 4500 слов; для научных ста-тей – 3000 
слов; для экспертных заключений – 2500 слов; для 
презентации случаев из клини-ческой/лаборатор-
ной практики – 1700 слов; для экспериментальных 
и клинических заметок – 1300 слов; для рецензий 
и презентаций книг – 2000 слов; для учебных ста-
тей – 4000 слов. Объем таблиц и рисунков не дол-
жен превышать ⅓ от объема рукописи. Журнал 
оставляет за собой право вносить любые другие 
изменения форматирования. Отклоненные руко-
писи не возвращаются. 

Все рукописи, представленные для публика-
ции, должны сопровождаться двумя резюме: на 
языке оригинала статьи и на английском 
языке. 

Название и авторы 
Название должно быть как можно короче (макси-
мум – 120 знаков с пробелами), но дос-таточно ин-
формативным для содержания рукописи. Фами-
лии авторов будут написаны полностью: имя, фа-
милия (например: Иван ИВАНОВ). Принадлеж-
ность будет включать: Отделение/ Департа-
мент/Кафедра, Университет /Больница, Город, 
Страна для каждого автора. Данные соответствую-
щего автора и контактная инфор-мация – адрес 
электронной почты (например: контактная инфор-
мация: Иван Иванов. e-mail: 
ivan.ivanov@gmail.com) будут обязательно ниже. 
Структура Рукописи 
Рукопись будет включать в себя следующие подза-
головки (они должны быть заглавными): 
− РЕЗЮМЕ (см. требования ниже) 
− ВВЕДЕНИЕ (будет отражать актуаль-ность и 
общее представление изучаемой проблемы, цель 
и гипотезу исследования) 
− МАТЕРИАЛЫ И МЕТОДЫ  
− РЕЗУЛЬТАТЫ 

− ДИСКУССИИ 
− ВЫВОДЫ  
− КОНФЛИКТ ИНТЕРЕСОВ  
− БЛАГОДАРНОСТИ И ФИНАНСИРОВАНИЕ 
− ЭТИЧЕСКОЕ ОДОБРЕНИЕ (указать наличие 
или отсутствие одобрения со стороны комитета 
по этике: №, дата, учреждение и информирован-
ное согласие) 
− ЛИТЕРАТУРА 

Резюме должно содержать 1600 знаков с пробе-
лами и будет включать в себя следующие подзаго-
ловки: 
− Введение 
− Материалы и методы 
− Результаты 
− Выводы 
− Ключевые слова: 3-5 слов 

Резюме не должно включать таблицы, диаграммы 
и библиографические заметки, инфор-мацию, не 
представленную в исследовании. 
Рисунки (графики, диаграммы). Текст, включен-
ный в рисунки, должен быть написан в Cambria, 
размер 10 пунктов. Каждый рисунок должен со-
провождаться заголовком и описанием. Название 
(например: Рисунок 1) и описание рисунка должны 
быть вписаны по центру, в низу рисунка. Они 
должны быть пронумерованы арабскими цифрами 
и указаны в тексте в скобках (например: рис. 1). 
Таблицы. Текст, включенный в таблицы, должен 
быть написан в Cambria, размер 10 пунктов. Каж-
дая таблица должна сопровождаться заголовком. 
Они должны вставляться в текст, не превышая ши-
рину страницы. Должны быть пронумерованы 
арабскими цифрами и указаны в тексте в скобках 
(например: таб. 1). Название таблицы должно рас-
полагаться над таблицей в центре (например: Таб-
лица 1). 
Литература. Источники должны быть пронуме-
рованы в порядке их появления в тексте. Ссылки 
на источники должны быть в стиле AMA, поме-
щены в конце статьи и включать только источ-
ники, цитируемые в тексте (упоминание номера 
источника в круглых скобках). Если один и тот же 
источник цитируется несколько раз, он будет пе-
редан в тексте с тем же номером, что и первый раз. 
Общее количество источников не должно превы-
шать 50. Ответственность за точ-ность данных ле-
жит на авторе. Будут цитиро-ваться только те ис-
точники, с которыми ознакомились авторы руко-
писи. Компоненты справочных источников 
должны быть написаны строго в соответствии с 
требованиями. 

Дополнительная информация на: http://journal. 
ohrm.bba.md/index.php/journal-ohrm-bba-md/edit-
ing_guidelines   

 






