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                 Varna - Bulgaria

Dear Colleagues,

On behalf of the European Biotechnology Thematic Network Association (EBTNA), we are delighted to invite you to the European Biotechnology 

Congress 2026 (EuroBiotech 2026), a premier international event bringing together the multifaceted impacts and future potential of biotechnology.

This prestigious congress will be held in Varna, Bulgaria, from 24–25 April 2026, and is organized by EBTNA in collaboration with leading academic 

and scientific institutions. The congress provides a unique platform for scientists, academics, clinicians, and industry leaders from diverse disciplines to 

redefine the boundaries of biotechnology and to foster new interdisciplinary collaborations.

We cordially invite you to participate in EuroBioTech 2026 and to contribute to an inspiring scientific exchange in one of the most vibrant cities on the 

Black Sea coast.

Sincerely,

                                                                                                        Prof. Munis Dundar                                                                          Prof. Svetlana Fotkova Georgieva                              
                                                        President of EBTNA                                                                                          Local Chair
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Alpha-Mannosidosis: Therapeutic strategiesAlpha-Mannosidosis: Therapeutic strategies
Bellini Baldelli S., Fiorani F, Albi E, Beccari T, Codini M.
University of Perugia

Alpha-mannosidosis is a rare lysosomal storage disorder with 
an autosomal recessive inheritance caused by mutations in the 
gene encoding the lysosomal enzyme α-Dmannosidase.
So far, 190 variants in 230 patients have been identified and 
partially characterized at the biochemical level. As in other 
lysosomal storage diseases, there is no relationship between 
genotype and phenotype in alpha-mannosidosis. Enzyme rep-
lacement therapy is currently the most effective therapy for 
lysosomal storage diseases, including alpha-mannosidosis. An 
alternative therapy is bone marrow transplantation. The pri-
mary indication for hematopoietic stem cell transplantation in 
patients affected by alphamannosidosis is the preservation of 
neurocognitive function and prevention of early death.
The results obtained from a Phase I-II study and a Phase III 
study provide evidence of positive clinical effect of the recom-
binant enzyme in patients with alpha-mannosidosis. Most 
recently, in Europe, enzyme replacement therapy has been 
approved for use in adults, adolescents, and children with 
mild–moderate forms of alpha-mannosidosis. The next step 
will be to develop the production of a BBB-crossing recombi-
nant alpha-mannosidase. Recently it has been demonstrated 
partial correction of the globally distributed storage lesions 
by infusion of a high dose of adeno-associated virus 1-feline 
alpha-mannosidase into the cerebrospinal fluid via the cisterna 
magna in the cat brain at different ages, corresponding to diffe-
rent stages of disease progression. Interestingly, significant im-
provements in clinical parameters were observed, and partial 
correction was observed in many tissues. All together, what has 
been shown so far indicates the progress that has been achieved 
in the treatment of alpha-mannosidosis and indirectly for other 
lysosomal diseases.
Keywords: Alpha-mannosidosis, lysosomal storage disorders, 
enzyme replacement therapy
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Bacterial cellulose: synthesis, properties, and applicationsBacterial cellulose: synthesis, properties, and applications
Iza Radecka1, Habib Khan1, Abhishek Gupta1, Zinnia Mansoor1, Siting 
Guo1, Marek Konop2, Grazyna Adamus3, Marek Kowalczuk3, Fideline 
Tchuenbou-Magaia1

1Faculty of Science & Engineering University of Wolverhampton, Wulfruna 

Street, Wolverhampton, WV1 1LY, UK
2Medical University of Warsaw, Department of Experimental Physiology and 

Pathophysiology, A. Pawińskiego 3C 02-106 Warsaw, Poland
3Centre of Polymer and Carbon Materials, Polish Academy of Sciences, M. Cu-

rie-Sklodowskiej 34, 41-819 Zabrze, Poland

Biodegradable polymers are produced by a diverse group of 
microorganisms from renewable resources under controlled 
conditions. These polymers play a significant role in mitigating 
negative environmental impacts and can contribute to sustain-
ability across various industries.
Bacterial cellulose (BC) is an extracellular polymer produced 
by Komagateibacter spp. BC is a unique natural polymer show-
ing desirable properties such as chemical purity, significant me-
chanical strength, water holding capacity, biodegradability and 
biocompatibility. Additionally, BC can be chemically altered to 
form BC composites with customised properties making this 
bacterial polymer a very attractive versatile biomaterial for a 
variety of applications.
Microbial BC synthesis includes cultivation under static or agi-
tated conditions. The choice of the cultivation method impacts 
on the microstructure and properties of BC. In the static cul-
tures, a thick gelatinous pellicle of BC is formed on the surface 
of the growth medium. However, in the agitated culture, BC is 
produced in the form of sphere-like or irregular mass with sig-
nificantly denser fibres compared to the BC produced in static 
conditions.
Selection the cultivation method depends on its final applica-
tion. Produced BC is fully characterised and, if needed, modi-
fied according to the proposed application.
This talk will give detailed insights into biosynthesis of BC and 
its physicochemical properties. Additionally, it will provide an 
updated overview relevant to sustainable and cost-effective 
production of this biopolymer, along with examples of the most 
recent applications ranging from biomedical applications to ag-
ricultural applications.
Keywords: Komagateibacter spp., bacterial cellulose, sustain-
ability, biomaterials, BC composites
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1Stephan Angeloff Institute of Microbiology (IMicB), BAS; 26, Acad. Bontchev 

Str
2Institute of Chemical Engineering- (IChE) BAS-1113Sofia, Bulgaria;

Background: We present a scientific report that discuss 
the question: WHY BIOTICS? From the oldest biotech-
nology to personalized medicine: оr how the beneficial mi-
crobiota in fermented products works to promote health. 
The rapid evolution of the Biotics has shifted scientific focus 
beyond traditional “probiotic strains” to “postbiotics plat-
forms”. Postbiotics represent a paradigm shift from live mi-
crobial therapy to defined bioactive compounds, enabling 
precision, safety, and reproducibility.
Results: The Laboratory of “LAB and Probiotics”- IMicb-
BAS, has been investigating the microbial diversity of lac-
tic acid bacteria (LAB) from various ecological niches for 
25 years. The long-term goal is to characterise and enable 
their PROBIOTIC use at the forefront of health, as a ga-
rantee of food safety and scientific proven first genera-
tion correcting dysbiosis, in the microbiome. In the focus 
are original Bulgarian strains, proving their probiotic po-
tential and health benefitsPro-Meta-Para and Postbiotics - 
the necessary discussion on the road to pharmabiotics and 
the scientific challenges in response to consumers’ in-
herent desire for health, well-being, and longevity. Тhe 
joint project involving IMicB and IChE-BAS, developing 
green technologies for production and application of active 
Bulgarian Pro/postbiotics, based on byproducts from bio- 
and agro-production.
Conclusion: Our findings confirm that Bulgarian probiotic 
strains are a promising source of postbiotics with signifi-
cant functional potential. The study underscores the need 
for further in-depth research, including clinical valida-
tion, to support the development of standardized and ev-
idence-based postbiotic formulations. The joint scientific 
effort has the capacity to play a leading role in advancing 
innovation.
Acknowledgment: The authors gratitude to NextGener-
ationEU, Recovery and Resilience Plan for funding Proj-
ect PVU-63/BG-RRP-2.017-0047-C01 under Investment 
C2.I2.BAS
Keywords: Probiotics, Postbiotics, Lactic Acid Bacteria (LAB), 
Microbiome, Pharmabiotics
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From Single-Omics to Multi-Omics Integration: A Machine From Single-Omics to Multi-Omics Integration: A Machine 
Learning Framework for Inherited Retinal Disease Classifica-Learning Framework for Inherited Retinal Disease Classifica-
tiontion
Ahmad Jainul Abidin1, Kristjana Dhuli1, Sara Feizyab1, Matteo Ber-
telli1,2,3

1MAGI EUREGIO, Bolzano, Italy
2MAGI’S LAB SRL, Rovereto (TN), Italy
3MAGISNAT, Atlanta Tech Park, Peachtree Corners, 30092 GA, USA

Background: Inherited retinal dystrophies (IRDs) present sig-
nificant diagnostic challenges due to their genetic and phenot-
ypic heterogeneity. While single-omics analyses have provided 
valuable insights, integrating multi-omics approaches with 
machine learning (ML) holds promise for improved disease 
classification accuracy. This study evaluates single-omics met-
hodologies and advances toward a comprehensive multi-omics 
classification framework for IRDs.
Methods: Single-omics analyses were performed independent-
ly: (1) Proteomic analysis of 500 samples with imputed plasma 
profiles, employing pathway activation scores; four ML algorit-
hms were compared to identify the optimum classification ap-
proach; (2) Genomic and clinical data from 527 patients were 
analyzed using kernel density estimation and protein-protein 
interaction networks to assess pathway-level mutational bur-
den. (3) An integrative multi-omics framework combining 
genomic and metabolomic data with advanced ML methods 
is being developed to leverage complementary information ac-
ross data types.
Results: In the proteomic analysis, 82 proteins were selected 
based on expression frequency and categorized into ten rele-
vant biological pathways. Logistic Regression achieved optimal 
classification performance (accuracy 0.73, F1-score 0.73). Ge-
nomic analysis revealed significant mutational burden in reti-
noid cycle pathways, with gene variant combinations (ABCA4, 
RDH12) and (ABCA4, RBP3) identified as unique IRD bio-
markers. Findings from both omics layers converged on retino-
id metabolism, suggesting that multi-omics integration captu-
ring genotype-phenotype relationships across molecular scales 
may enhance diagnostic precision.
Conclusion: Single-omics approaches demonstrate moderate 
classification performance and reveal distinct molecular in-
sights. The progression toward multi-omics integration rep-
resents a promising strategy for enhanced IRD classification, 
potentially capturing complex disease mechanisms across mul-
tiple biological layers.
Keywords: Inherited Retinal Disease, Multi-Omics, Machine 
Learning, Disease Classification, Precision Medicine

DOI: 10.2478/ebtj-2026-0010DOI: 10.2478/ebtj-2026-0010
Halophytes: new crops for adaptation to climate changeHalophytes: new crops for adaptation to climate change
Oscar Vicente1, Monica Boscaiu2
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(COMAV). Universitat Politècnica de València, Valencia (Spain)
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Climate change effects, including increasing temperatures, 
altered precipitation patterns, and more frequent and in-
tense extreme weather events, are already affecting crop per-
formance in many regions. Drought and soil salinisation are 
the two interconnected environmental factors that most se-
verely reduce crop yields worldwide. As freshwater resourc-
es become scarcer and salinity expands across irrigated a 
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coastal lands, conventional crops – generally salt-sensitive 
– are increasingly unable to maintain stable productivity.
In this context, the domestication and commercial cultiva-
tion of halophytes – salt-tolerant plant species – offer a 
promising strategy for climate-resilient agriculture. The 
development of “saline agriculture” based on halophyt-
ic crops that can grow in saline soils and use brackish 
or seawater irrigation could help maintain agricultural 
production on marginal lands while reducing pressure on 
freshwater resources, therefore contributing to adapting ag-
ricultural systems to future environmental conditions.
Several halophytic species show strong potential as new 
crops. As a food crop, quinoa (Chenopodium quinoa) is 
a pseudocereal with high nutritional value and notable 
tolerance to salinity and drought. Other edible halophytes, 
such as Salicornia species, are increasingly explored as veg-
etable crops, whereas Atriplex lentiformis represents a 
promising forage crop. Oil-producing halophytes, includ-
ing Salicornia bigelovii, also offer opportunities for
saline-based oilseed production. Beyond food and feed uses, 
halophytes have potential as minor crops: ornamentals, me-
dicinal plants, or industrial crops for biofuel and biomass 
production. Additionally, many halophytes can provide 
ecosystem services, including phytoremediation of saline or 
polluted soils and biological desalination.
Overall, integrating halophytes into agricultural systems 
could enhance agrodiversity and resilience to climate-driv-
en environmental stresses, supporting sustainable agricul-
ture under increasingly saline and water-limited conditions.
Keywords: saline agriculture, food security, drought, salt stress, 
agrodiversity
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Implementation of a GPU Accelerated and AI Integrated NGS Implementation of a GPU Accelerated and AI Integrated NGS 
WorkflowWorkflow
Jurgen Kaftalli1, Sara Feizyab2, Matteo Bertelli1,2,3

1MAGI’S LAB SRL, Rovereto (TN), Italy
2MAGI EUREGIO, Bolzano, Italy
3MAGISNAT, Atlanta Tech Park, Peachtree Corners, 30092 GA, USA

Background: Validate an upgraded clinical bioinformatics 
workflow ("PipeMAGI v2") designed to address the computati-
onal bottlenecks and interpretative challenges associated with 
high-throughput Next-Generation Sequencing (NGS).
Methods: The legacy CPU-based pipeline was migrated to a 
GPU-accelerated architecture using Nvidia Parabricks, in-
corporating DeepVariant and GATK HaplotypeCaller. Anal-
ytical quality control was enhanced through algorithmic con-
tamination detection, kinship verification, and strand bias 
filtering. A dual-algorithm strategy for Copy Number Variant 
(CNV) calling, utilizing ExomeDepth and CoNVaDING, was 
implemented. Furthermore, two machine learning (ML) mo-
dels, and a rule-based automated sample classification algorit-
hm were deployed: a logistic regression model to predict the 

necessity of Sanger confirmation and a "Smart Reporting" clas-
sifier to assess variant interpretation complexity, as well as an 
automated workflow that assigns sample-level clinical classes 
from variant and patient metadata and flags non-actionable or 
data-incomplete cases as ‘Complex’ for expert review.
Results: Preliminary validation indicates that the GPU-ac-
celerated workflow significantly reduces secondary analysis 
latency while maintaining high concordance with standard 
benchmarks. The dual-CNV calling strategy revealed critical 
batch-effect vulnerabilities in normalization-based algorithms 
when applied to external samples. The code skeleton, designed 
with modularity in mind, is shared at: github. repo. The ML-ba-
sed filtering for Sanger confirmation achieved a high predictive 
value, potentially reducing confirmatory load by >90%.
Conclusion: PipeMAGI v2 represents a robust, scalable fra-
mework for clinical genomics, effectively integrating hardware 
acceleration and artificial intelligence to enhance diagnostic 
efficiency and accuracy.
Keywords: GATK, Parabricks, CNV, GPU
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Into lake water: molecular and microbiological insights from a Into lake water: molecular and microbiological insights from a 
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G.Vita1, S. Primavilla1, F. Agnetti1, A. Felici1, E. Radicchi1, M. Croce2, 
S. Ricci2, M. D’Incau3, A.F.M. Marino4, D. Cruciani1, S. Crotti1, M. Ci-
ullo1, M. Biagetti1, M. Torricelli1

1IZSUM, PG
2Regione Umbria
3CNRLL/IZSLER, BS
4CETOX/IZSSicilia,PA

Waterborne infections are increasingly recognized as a public 
health concern in a One Health perspective. Toxoplasma gondii 
could act as passive carrier and environmental sentinel. Inland 
waters as soil, wastewater and groundwater may be contami-
nated by resistant oocysts. Due to the lack of harmonized and 
standardized detection methods, environmental contaminati-
on is underestimated. The major detection probability is related 
to surface waters and wet seasons. Few systematic studies have 
assessed environmental risk factors for Leptospira spp.
This work aims to evaluate the presence of these pathogens in 
Umbrian lakes, assessing also microbial flora. After method op-
timization and Limit Of Detection in matrix assessment, DNA 
extraction and qPCR were performed on 17 water samples each 
of about 1 L, and related pellets (16 from Trasimeno Lake’ dif-
ferent sites, 1 from Piediluco lake, collected on summer and 
winter). Water samples DNA was extracted using DNeasy 
PowerWater Kit, while DNA from filtered pellets was extrac-
ted with QIAamp DNA Mini-Kit. Duplex qPCR assays targeted 
B1 or LipL32 genes and internal controls.Standard microbio-
logical analyses of lake water were performed according to ISO 
methods, and some strains were typed with MALDI-TOF.
Among analyzed samples, one pellet and one water sample, 
collected from Trasimeno Lake respectively in December 2025 
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and February 2026, resulted positive to Leptospira spp (≥38 Cq 
over 45 Cq). Water microbiological analyses revealed several 
pathogens of public health or zoonotic concern across all sites. 
Wide microorganism’s spectrum could require a shotgun me-
tagenomic in depth analysis. Despite the sporadic molecular 
detection of Leptospira spp, its presence, also in traces, in the 
lacustrine environment deserves further investigation.
RC 007/2024 IZSUM, funded by Italian Ministry of Health
Keywords: Toxoplasma gondii, Leptospira spp, lacustrine envi-
ronment, qPCR/dPCR, microbiological assay
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MAGI Deep Learning Based Classification of Inherited Retinal MAGI Deep Learning Based Classification of Inherited Retinal 
Diseases Using Retinal ImagingDiseases Using Retinal Imaging
Sara Feizyab1, Matteo Bertelli1,2,3

1MAGI EUREGIO, Bolzano, Italy
2MAGI’S LAB SRL, Rovereto (TN), Italy
3MAGISNAT, Atlanta Tech Park, Peachtree Corners, 30092 GA, USA

Background: Inherited retinal diseases (IRDs) present hete-
rogeneous phenotypes and genetic causes, often requiring ex-
tensive and costly testing. Multimodal retinal imaging captu-
res complementary structural and functional signals that may 
support earlier hypothesis generation on the most likely causa-
tive gene. This project proposes an explainable deep-learning 
framework to assist clinicians by prioritizing candidate genes 
from retinal imaging, as a support tool to streamline genetic 
testing and interpretation.
Methods: We will develop a multimodal deep-learning pipe-
line using retinal imaging modalities, including color fundus 
photography (CFP), fundus autofluorescence (FAF), near-in-
frared reflectance (NIR), and optical coherence tomography 
(OCT). The training set will be composed of cases with con-
firmed molecular diagnoses, enabling supervised learning. 
Two prediction tasks are planned: (1) binary classification for 
selected genes (mutation present/absent), and (2) multi-class 
candidate ranking to output Top-K genes per patient. The sys-
tem will incorporate explainability modules (e.g., saliency/
attention-based maps) to highlight image regions that contri-
bute most to predictions, supporting clinical interpretability 
and quality control. The pipeline will be implemented with 
reproducible data handling, preprocessing, and model-training 
steps, compatible with integration into existing bioinformatics 
and clinical workflows.
Results: As this is an ongoing project, results are not yet avai-
lable. The planned outputs include per-patient probability esti-
mates and/or Top-K ranked candidate genes, accompanied by 
visual explanation maps and model confidence indicators to 
guide expert review.
Conclusion: This proposal aims to deliver an explainable AI 
tool for IRDs that supports gene prioritization from multimo-
dal retinal imaging, potentially reducing diagnostic time and 
focusing downstream genetic testing while preserving clinical 
oversight.

Keywords: Deep Learning, Inherited Retinal Disease, Retinal 
Imaging, OCT, Explainable AI
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MAGISNAT Microbiome Pipeline: Data Processing and In-MAGISNAT Microbiome Pipeline: Data Processing and In-
terpretationterpretation
Ekaterina Chueva1, Jurgen Kaftalli1, Matteo Bertelli1,2,3

1MAGI’S LAB SRL, Rovereto (TN), Italy
2MAGI EUREGIO, Bolzano, Italy
3MAGISNAT, Atlanta Tech Park, Peachtree Corners, 30092 GA, USA

Background: The human oral microbiome consists of bacterial 
communities, which colonise several microhabitats. Interacti-
ons with the microbiome are proven to influence the quality of 
life for the host. For example, they are linked to such processes 
as vitamin synthesis, response to inflammation, and others. In 
this regard, our oral microbiome test aims to provide insights 
into the general well-being of the human taking the test.
Methods: We developed an oral microbiome pipeline to analy-
se shotgun metagenomic data from a buccal mucosa sample. 
The test provides species-level information, focusing on mic-
robial diversity, identification of non-beneficial microbial 
networks, and the microbial pathways that influence the host.
Results: The microbiome pipeline provides a comprehensive 
overview of the microbial community present in the buccal 
mucosa and connects it to the well-being. A methodology to 
compare an incoming sample to the reference cohort is consi-
dered as well.  
Conclusion: Shotgun metagenomic sequencing enables the 
provision of a comprehensive species-level analysis of the oral 
microbiome.
Keywords: Oral Microbiome, Bioinformatics Pipeline, Comp-
lex Systems Analysis, Shotgun Metagenomic Sequencing
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ved product profile for novel prebioticsved product profile for novel prebiotics
Stanimira Angelova1, Viktoria Nedkova1, Veselin Bivolarski1, Tonka 
Vasileva1, Ilia Iliev2

1Department of Biochemistry and microbiology, Faculty of Biology, Paisii Hi-

lendarski University of Plovdiv, Plovdiv, Bulgaria
2Centre of Technologies, Plovdiv University, Plovdiv, Bulgaria

 
Glucosyltransferases from the glucoside hydrolase family 70 
(GH70) catalyze the synthesis of α-D-glucans with diverse 
linkage types and branching patterns, using sucrose as the sole 
donor substrate. Their ability to transfer glucosyl units to a wide 
range of carbohydrate and non-carbohydrate acceptors under-
scores their potential as sustainable biocatalysts for industrial 
glycosylation processes. Advances in enzyme engineering have 
further expanded opportunities to fine-tune glucansu-
crase function for obtaining polymers and oligosaccha-
rides  with  desirable  prebiotic  features.  The  dual-domain  
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glucansucrase URE 13-300 from Leuconostoc mesenteroides 
URE 13 serves as a valuable model for exploring structure–
function relationships within GH70 enzymes. The successful 
expression of the full enzyme in recombinant strain Esche-
richia coli BL21 enabled targeted mutagenesis for specificity 
and activity optimization. This study examines the role of the 
E2332 residue, positioned near the transition-state stabilizer 
in the second catalytic domain (CD2), through site-saturation 
mutagenesis using randomized NNK codons. The obtained li-
brary resulted in three highly active mutants, where the glu-
tamate was substituted with leucine, serine and threonine, 
respectively. All of them retained the wild-type temperature 
optimum (30 °C), however exhibited a pH shift from 5.3 to 
6.5 and higher specific activities relative to the native enzyme. 
Moreover, mutant variants displayed higher specific enzyme 
activities. Variants E2332S and E2332T produced altered oli-
gosaccharide profiles, suggesting modified transglucosylation 
specificity, while E2332L yielded a glucan with markedly en-
hanced water-retention capacity. This glucan supported robust 
growth of multiple Lactobacillus strains when used as the sole 
carbon source. These results demonstrate that targeted amino 
acid substitution in glucansucrase URE 13-300 can modulate 
catalytic parameters and product architecture, offering a prom-
ising route for the development of tailor-made glucans with 
potential prebiotic and industrial applications.
Acknowledgements: This study	was supported by the 
European Union- NextGenerationEU, through the National 
Recovery and Resilience Plan of the Republic of Bulgaria, proj-
ect № BG-RRP-2.004-0001-C01, DUECOS.
Keywords: site-saturation mutagenesis, glucansucrase, α-glu-
cans, transferase reaction
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Non-conventional yeasts (NCYs)—all yeast species outside the 
widely used Saccharomyces cerevisiae—have emerged as pow-
erful candidates for next-generation probiotic, prebiotic, and 
postbiotic applications. NCYs possess extraordinary genetic 
and functional diversity, enabling them to thrive in harsh con-
ditions, metabolize diverse substrates, and produce valuable 
metabolites.
This work focused on exploring several unconventional yeast 
species. Extracts of yeast cultures from the genera Rhodotorula, 
Metchnikowia and Yarrowia were used as sources of prebiotic 
compounds to support the growth and metabolic activity 
of probiotic bacteria and to create stable synbiotic systems. 
Probiotic strains (L. acidophilus, L. plantarum, L. delbruec-
kii, L. rhamnosus, B. bifidum, B. breve, B. adolescentis, and 
B. longum) were cultivated in these extracts, and their growth 

was compared with that in standard MRS medium.To evaluate 
the probiotic potential of these yeasts, several parameters were 
determined, including viability at low pH, antioxidant and 
antimicrobial activity, lactic acid productionand biofilm for-
mation. Immunomodulatory function will be tested using hu-
man macrophage cell lines. The prebiotic potential of the stud-
ied yeasts will be assessed through analysis of yeast-derived 
polysaccharides (e.g. beta-glucans, mannans) and effects of 
cell-wall fragments on the growth and metabolism of probi-
otic bacteria.The postbiotic effects of NCYs will be related to 
homogenates of inactivated yeasts containing a rich array of 
postbiotic compounds, such as short-chain fatty acids, an-
tioxidants, antimicrobial peptides, organic acids and vitamins. 
The safety and stability of postbiotic molecules will be evalu-
ated using cytotoxicity testing following artificial digestion.
Based on the results, NCYs can be considered inter-
esting and highly-functional next-generation prebiotic, 
probiotic and postbiotic platforms. Their superior robustness, 
metabolic flexibility, and ability to produce diverse bioactive 
compounds position them at the forefront of future innova-
tions in food, health, and therapeutics.
Keywords: probiotics, prebiotics, postbiotics, non-conventio-
nal yeasts
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Background: Multifactorial genetic diseases exhibit a polyge-
nic architecture in which numerous common single-nucleotide 
polymorphisms (SNPs) contribute modestly to overall disease 
risk. Conventional Polygenic Risk Scores (PRS) rely on geno-
me-wide association study (GWAS) effect sizes, which are of-
ten unavailable or poorly transferable for rare or understudied 
conditions. This study presents a GWAS-independent pipeline 
for PRS construction and demonstrates its application in lipe-
dema.
Methods: Individual-level genotypic data from 314 subjects 
(208 cases and 106 controls) were analyzed using a workflow 
based on biologically preselected variants associated with re-
levant physiological pathways. The standardized pipeline inc-
luded quality control, alignment, variant calling, annotation, 
and genotype filtering. Feature selection was performed using 
a linear Support Vector Machine (SVM), ranking variants by 
absolute model weights to identify the most informative predi-
ctors. Ridge regression with L2 regularization was subsequent-
ly applied to derive stable PRS coefficients.
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Results: Model performance was evaluated using area under 
the curve (AUC), accuracy, F1 score, and Nagelkerke’s pseu-
do-R². Analysis of PRS distributions and predictor importance 
supported model interpretability and highlighted the contribu-
tion of weak but cumulative genetic signals. The final model 
achieved an AUC of 0.87 and a Nagelkerke’s pseudo-R² of 0.13, 
indicating meaningful capture of aggregated genetic risk in li-
pedema.
Conclusion: This GWAS-independent pipeline provides a 
transparent and clinically interpretable strategy for PRS deve-
lopment in multifactorial diseases lacking large GWAS data-
sets. The combined SVM–ridge approach proved robust and 
adaptable, showing encouraging performance in lipedema and 
potential applicability to translational risk stratification in ot-
her complex conditions.
Keywords: Polygenic Risk Score, Multifactorial Diseases, 
GWAS, Machine Learning, Lipedema

DOI: 10.2478/ebtj-2026-0010DOI: 10.2478/ebtj-2026-0010
Rethinking Psychiatric Risk Detection: AI Based Non-EEG Rethinking Psychiatric Risk Detection: AI Based Non-EEG 
Predictive and Preventive FrameworkPredictive and Preventive Framework
Farhad Nassehi,  Refika Dilara Aşcı,  Ege Kırıcı, Andaç Budak, Osman 
Eroğul
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Social anxiety disorder (SAD) is a condition characterized by 
intense fear of social interactions, potentially leading to sig-
nificant distress and impaired ability to function in daily life. 
This research focuses on developing a wearable technology 
solution for predicting anxiety attack states in individuals di-
agnosed with SAD. Previous studies have also mentioned the 
detection of psychiatric disorders such as SAD with an Elec-
troencephalogram (EEG). It has been reported that detection 
can be made from different physiological parameters such as 
heart rate and body temperature, but there is a lack of an effec-
tive method for prediction. This study aims to calm down the 
SAD-diagnosed patients with sound and vibration stimulation 
after predicting the moment just before anxiety from PPG and 
ECG signals recorded during the one-minute rest state before 
the anxiety. 30 Patients participated in the experiment which 
took a total of 4 minutes, including 2 minutes of rest-rest data 
and 2 minutes of rest-task data. The selection of participants 
was conducted based on evaluations performed by a specialist 
doctor, who confirmed scores exceeding 80 on the Liebowitz 
scale. ECG and PPG records were taken in both stages. At the 
same time, the State-Trait Anxiety Inventory questionnaire was 
applied to the participants for the trait anxiety, pre-experiment 
and post-experiment situations. An article search was conduct-
ed for the extraction of important features to be used in signal 
analysis and feature selection methods were mutually used for 
the final selection. Selected features were used as input to the 
Naïve Bayes machine learning algorithm. The results show that 
the ECG and PPG features that differed between sessions could 
predict the anxiety state with an 84.24% accuracy rate on av-

erage. The anxiety prediction and relaxation system that will 
improve the life quality of individuals diagnosed with SAD has 
been developed with the Naïve Bayes algorithm.
Keywords: Machine learning; AI; Psychiatric Disorder
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Background: Subcritical water extraction (SWE) is a prom-
ising green alternative to conventional organic solvent-based 
extraction methods. Despite advantages such as environmental 
compatibility, high extraction efficiency, and tunable selectivi-
ty, its industrial application remains limited.
Methods: This study investigated, for the first time, the efficien-
cy of SWE for extracting hydroxycinnamic acids (chicoric and 
caftaric acids) from Echinacea purpurea roots as a green alter-
native to conventional hydroalcoholic extraction. Extractions 
were performed at different temperatures (100°C–170°C) and 
durations (5-30 min). The obtained extracts were characterized 
by HPLC, and their biological activity was evaluated in 
HT29 cells after 24 and 48 h of treatment.
Results: Both extraction temperature and duration significant-
ly influenced the recovery of hydroxycinnamic acids from 
Echinacea roots. Optimal conditions were identified at 
108–110°C for 8–10 min. Increasing the temperature to 
170°C enhanced overall extract yield by up to 50%, but re-
duced the levels of chicoric and caftaric acids due to thermal 
degradation. Biological evaluation demonstrated that SWE 
extracts induced stronger cellular responses in HT29 cells af-
ter 24-48 h of treatment. Comet assay results indicated greater 
DNA interaction, while FACS cell-cycle analysis revealed 
more pronounced modulation of cell-cycle distribution, 
suggesting that SW extracts are enriched in biologically ac-
tive compounds and exert stronger regulatory effects on 
cell proliferation.
Conclusion: SWE represents an efficient and environmental-
ly friendly technology for producing Echinacea purpurea root 
extracts standardized to hydroxycinnamic acids, with reduced 
extraction time and without the use of toxic organic solvents. 
The resulting extracts demonstrate comparable or enhanced 
biological activity relative to conventional extracts. Therefore, 
SWE-derived Echinacea extracts show strong potential for 
application in the food, pharmaceutical, and cosmeceutical in-
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dustries in the development of drugs, dietary supplements, and 
functional foods.
Acknowledgments: Funding agreement № BG-
RRP-2.017-0043/16.12.2024, funded by the European Union 
through the NextGenerationEU instrument.
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Nutraceuticals Pharmaceuticals
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Gulf of Vlora, of particular economic importance for Albania, 
represents a complex natural ecosystem under the influence of 
urban and industrial pollution. Several spots are investigated 
by the National Environmental Monitoring Program, which 
does not include the biotoxicity assessment of waters. In order 
to distinguish the temporal pattern of toxicity seawater were 
sampled in November 2023-May 2025-September 2025 at nine 
hot-spots in shallow waters, and were assessed using biolumi-
nescent Vibrio fischery according to ISO11348-3:2007 via Bi-
oFix Lumi-10 reader. Also E. coli strains K802NR, TV1061, 
DPD2794, DPD1718, DPD2544, and DPD2511 were used to 
determine toxicity in waters and sediments (September-No-
vember 2025). All strains contain a plasmid-based fusion of 
the E. coli IasI, grpE, recA, recA, fabA, and katG promoters, 
respectively, with the Photorhabdus luminescens LuxCDABE 
reporter operon. Th e bioluminescent toxicity response of the 
reporter strains was acquired over 10 h period using Ascent mi-
croplate reader (Thermofischer) set to kinetic mode at 15 min 
intervals between readings. The induction factor was calculated 
as a ratio of the maximum RLU of the test to the average of the 
negative control. Heatmaps of toxicity were prepared to verify 
the spatial pattern of toxicity. In parallel, key physicochemical 
parameters of waters were measured to explore potential cor-
relation to biotoxicity. Results display the impact on toxicity of 
the climate change within a three-year period, also the season-
al variation reaching the peak in May 2025. Clear differences 
were evidenced among water and sediment toxicity, with the 
last being within the accepted limits. As the luminescence of 
V. fischery is impacted by salinity of marine waters, the use of 
E. coli strains was important. Variations in the sensitivity of E. 
coli strains suggested the presence of diverse contaminant types 
and concentrations, with E.coli strains TV1061 and DPD2511 

less sensitive, the rest above the accepted levels, and DPD1718 
and DPD2544, induced above the accepted levels in all cases. 
Nine out of nine spots were classified as having high toxicity 
by 1-3 of the biosensors, eventhough physicochemical and bi-
ological parameters showed no correlations. Results highligted 
the importance of the evaluation of toxicity as an independend 
indicator of the quality of waters alongside with those suggest-
ed by WFD.
Acknowledgement: This work was supported by the Academy 
of Sciences of Albania, Project BioSensToxicWater of the Cen-
tre for Biotechnology & Genetics, 2025-2027.
Keywords: cytotoxicity, bioluminescent bio-reporting bacteria, 
physicochemical parameters
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In view to decrease the use of sugars as substrate in various 
fermentations, research is underway to develop methods to 
convert different agro-industrial by-products to fermentable 
sugars. Lignocellulosic substrates are the largest source of fer-
mentable sugars (RS) for bioconversion to valuable compoun-
ds. Carbohydrates from cellulosic feedstocks such as distiller's 
dried grains with solubles (DDGS), spent coffee grounds (SCG), 
sunflower seed shells (SSS), and sunflower de-oiled cake (SDC) 
are abundant and promising agro-industrial by-products to be 
further converted to fermentable sugars.
In the present study, these by-products were characterized as 
possible source for sugars for biotechnological processes. The 
composition of the above-mentioned waste materials was de-
termined and compared before and after hydrothermal or di-
lute-acid pretreatment. The resulting hydrolysates, containing 
different reducing sugars and proteins, were used as carbon and 
nitrogen sources, replacing costly components in the fermenta-
tion media. The applicability of the obtained hydrolysates was 
tested in fermentative lactic acid production as an example.
All investigated waste materials contain enough lignocellulo-
se, which can be used as а source of reducing sugars. Except 
for sunflower meat, the hydrolysis of other materials results in 
more than 70% of RS. There are minimal differences in sugar 
content after acid and enzyme hydrolysis. The difference is that, 
in the case of SSS, the enzyme hydrolysis liberates additional 
amounts of galactose and mannose.
The authors express their gratitude to Project PVU–63 from 
16.12.2024 г. /BG-RRP-2.017-0047-C01 for the financial sup-
port.
Key words: Renewable resources, Agro-industrial by-products, 
Pretreatment, Lactic acid production
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Biotechnology offers transformative solutions for reducing re-
liance on fossil-based materials, positioning it as a key driver 
in advancing circular and sustainable packaging systems. Poly-
lactic acid (PLA) and bacterial cellulose (BC) are biotechnol-
ogy-derived polymers that can be sustainably produced from 
food- and agricultural waste through microbial fermentation. 
Their favourable physicochemical properties make them strong 
candidates to replace or complement fossil-derived plastics 
in packaging, particularly when functionalised or integrated 
into composite systems. In this regard, cellulose nanocrystals 
(CNCs) serve as key enablers for the development of advanced 
materials for smart packaging, owing to their ability to enhance 
the mechanical and barrier performance of polymer matrices 
while promoting the uniform dispersion of secondary conduc-
tive nanofillers. The talk will discuss current research on CNCs 
and PLA composite development for packaging, highlighting 
key challenges, opportunities, and future directions.
CNCs were produced from bacterial cellulose grown on food-
waste media and compared with those from standard media, 
while PLA composites containing CNCs, graphene nanoplate-
lets (GNPs), or carbon nanotubes (CNTs) were fabricated by 
melt extrusion and characterised a range of analytical tech-
niques.
The results demonstrate that CNCs enhance the performance 
and processability of PLA composite filaments by acting as ef-
fective dispersion aids and network organisers. They minimise 
GNP and CNT agglomeration and facilitate the formation of 
a uniform, continuous hybrid network within the PLA ma-
trix, resulting in improved electrical, thermal, and rheological 
properties. Spearman’s correlation matrix and Hierarchical 
Cluster Analysis identify clear property groupings: electrical 
conductivity clusters with thermal-transport variables due to 
shared conductive-network effects, while elongation, tough-
ness, yield strain, and critical strain form a coherent ductility 
cluster. These ductility measures are strongly inter-correlated 
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and negatively associated with storage modulus, reflecting the 
classic stiffness–ductility trade-off in filled thermoplastics. To-
gether, this correlation structure provides actionable guidance 
for designing high-performance, safe, and application-specific 
PLA-based packaging materials.
Keywords: Bacterial cellulose, PLA, cellulose nanocrystals, 
packaging, sustainability
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Background: Non-Small Cell Lung Cancer (NSCLC) ac-
counts for approximately 85% of all lung cancer cases, 
with lung adenocarcinoma (LUAD) being its most com-
mon histological subtype. Despite advances in chemothera-
py, immunotherapy, and targeted therapies, treatment resis-
tance and poor survival remain major clinical challenges. 
Calpains are calcium-dependent cysteine proteases in-
volved in cancer-related processes such as cellular signal-
ing, apoptosis, and cell cycle regulation. However, the roles of 
CAPN5 and CAPN13 in NSCLC remain largely unexplored.
Methods: Transcriptomic expression analyses of CAPN5 
and CAPN13 were performed using The Cancer Ge-
nome Atlas Lung Adenocarcinoma (TCGA-LUAD) data-
set through the UALCAN platform. To validate the bio-
informatic findings, CAPN5 and CAPN13 expression 
levels were analyzed by RT-qPCR in formalin-fixed paraf-
fin-embedded (FFPE) LUAD tumor tissues and matched 
adjacent normal lung tissues obtained from 48 patients.
Results: Bioinformatic analysis revealed significant upreg-
ulation of CAPN5 and CAPN13 in LUADtumor tissues com-
pared with normal lung tissues. Gene dependency analysis 
based on CRISPR–Cas9 screening data suggested a potential 
role of these genes in lung cancer cell viability. RT-qPCR anal-
ysis confirmed the significant overexpression of both genes 
in LUAD tumor samples relative to matched normal tissues.
Conclusion: CAPN5 and CAPN13 are significant-
ly overexpressed in LUAD tumor tissues and may 
represent potential molecular targets for target-
ed therapeutic strategies in lung adenocarcinoma.
Keywords: Lung Adenocarcinoma; Calpains; CAPN5; 
CAPN13
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Background: Pediatric trauma is a leading cause of morbi-
dity and mortality worldwide. Although validated scoring 
systems such as the Glasgow Coma Scale (GCS), Revised 
Trauma Score (RTS), Pediatric Trauma Score (PTS), and 
Shock Index (SI) are widely used, their real-time integrati-
on into emergency workflows remains limited. The Pediatric 
Trauma Support System (PTSS) is a digital Clinical Decision 
Support System (CDSS) for children aged 0–18, developed 
based on protocols from Oxford Children’s Hospital, Bam-
bino Gesù Hospital, and Johns Hopkins Children’s Center.
Methods: We conducted a prospective observational study 
of 100 consecutive pediatric trauma patients presenting to 
the Emergency Department at UMHAT “St. George”, Plov-
div, Bulgaria over four months. PTSS recorded demographic 
data, physiological parameters (RR, SpO₂, HR, BP, capillary 
refill, temperature), injury mechanism, and anatomical se-
verity, and automatically calculated RTS, PTS, SI, and triage 
categories. Outcomes included ICU admission, hospitaliza-
tion, surgical interventions, imaging use, and adverse events.
Results: Of the 100 patients, 10 were critically ill (RTS 
<6) and required ICU care, 30 were hospitalized for ob-
servation, and 60 were discharged home. Patients with 
mild trauma (GCS 15, RTS 7.84, SI 0.81) experienced no 
complications. Critically ill patients (GCS 7, RTS 4.21, SI 
1.57) were hemodynamically unstable and correctly iden-
tified by PTSS. The system demonstrated 100% sensitivity 
for detecting critical cases, guided selective imaging, and
appropriately directed surgical interventions. Cor-
relations between PTSS-derived indices and cli-
nical outcomes confirmed its predictive validity.
Conclusions: PTSS provides objective, reliable, and clinically 
applicable decision support in pediatric trauma care. It enables 
early identification of high-risk patients, optimizes triage, redu-
ces unnecessary imaging, and supports resource allocation. These 
findings support PTSS as a practical tool for emergency settings.
Keywords: Pediatric trauma, Clinical decision support system

DOI: 10.2478/ebtj-2026-0010DOI: 10.2478/ebtj-2026-0010
Evaluation of antioxidant, antidiabetic, anti-inflammatory and Evaluation of antioxidant, antidiabetic, anti-inflammatory and 
toxicity potential of toxicity potential of Cestrum diurnumCestrum diurnum L. Leaf Extract in a dia- L. Leaf Extract in a dia-
betic Mouse Modelbetic Mouse Model
Attya Bhatti



116  |  VOLUME 10 ISSUE 3  | JULY 2026  

Department of Biomedicine, Atta-ur-Rahman School of Applied Bioscien-

ces (ASAB), National University of Sciences and Technology (NUST), Sector 

H-12, Islamabad, Pakistan

Background: Type 2 Diabetes Mellitus (T2DM) has emer-
ged as a significant global metabolic disorder. It is charac-
terized by chronic hyperglycemia resulting from impaired 
insulin secretion by pancreatic β-cells and increased insulin 
resistance in peripheral tissues, leading to dysregulated glu-
cose homeostasis. Although several pharmacological inter-
ventions are available for the management of T2DM, their 
long-term use is often associated with adverse effects and li-
mited therapeutic efficacy. Consequently, there is increasing 
interest in the exploration of plant-derived bioactive com-
pounds as alternative therapeutic agents. Cestrum diurnum, 
an ornamental shrub widely cultivated in different regions 
of the world, has a long history of use in traditional medici-
ne for the treatment of various ailments.
Objective: The present study aimed to evaluate the antidia-
betic potential of Cestrum diurnum leaf extract through phy-
tochemical, biochemical, and in vivo experimental analyses.
Methods: Hytochemical screening and biochemical assays 
were performed to identify bioactive compounds and assess 
the in vitro activities of the ethanolic extract of Cestrum di-
urnum leaves. An in vivo study using BALB/c mice was also 
conducted to evaluate its therapeutic effects on glucose into-
lerance. Experimental diabetes was induced using a high-fat 
diet and streptozotocin, after which mice were treated with 
graded doses of the extract, followed by biochemical and 
histopathological analyses.
Results: Administration of Cestrum diurnum leaf extract 
resulted in a significant reduction in hyperglycemia and im-
proved glycemic regulation in the diabetic mouse models. 
Histopathological examination of liver and kidney tissues 
revealed marked improvements in tissue architecture, indi-
cating a protective and restorative effect of the extract on 
cellular morphology.
Conclusion: This study demonstrates that Cestrum diur-
num leaf extract exhibits significant antidiabetic, antioxi-
dant, and anti-inflammatory activities, likely attributable to 
the presence of pharmacologically active phytochemicals. 
These findings suggest that Cestrum diurnum may serve as a 
promising natural source for the development of novel the-
rapeutic agents for the management of T2DM.
Keywords: Cestrum diurnum, Type 2 Diabetes Mellitus, Phy-
totherapy, Biochemical Analysis, Diabetic Mice Model, Histo-
pathological analysis, Median lethal dose LD50, Acute toxicity 
assay, Dose related response
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Helichrysum italicum (H. italicum) is a Mediterranean halo-
phyte shrub with bright yellow flowers characterized by a 
strong curry-like aroma. The essential oils from H. italicum 
are widely used in cosmetic and pharmaceutical applications 
due to their anti-inflammatory and antiallergic properties, 
while the flowers themselves have potential as culinary sea-
sonings, flavoring agents, and natural food preservatives.
In this study, we evaluated the nutritional composition and 
chemical analysis of H. italicum flowers and solid waste 
biomass. The flowers were predominantly composed 
of carbohydrates (>80% dry weight), followed by minerals 
and essential elements (6.31 ± 0.95% dw), proteins (0.87 
± 0.03% dw), and lipids (3.11 ± 0.53% dw). They contained 
appreciable amounts of Fe, Zn, Ca, and K. The solid waste 
biomass contained significantly lower carbohydrate (37.4 
± 0.3 % dry weight) and higher protein and lipid contents.
Fatty acid profile of H. italicum flowers and waste 
showed similar distribution: polyunsaturated followed by 
saturated and monounsaturated fatty acids. The most abun-
dant fatty acids in the flowers were linoleic and palmitic acid, 
while in solid waste biomass – linoleic and α-linolenic acid.
These results highlight the nutritional richness and bio-
active potential of H. italicum flowers and solid waste 
biomass, supporting their application in functional 
foods, nutraceuticals, and health-promoting products.
Keywords: Helichrysum italicum, proximate composi-
tion, fatty acids, mineral content
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Background: High-risk human papillomavirus (HPV) infec-
tion, especially by HPV-16 and HPV-18, is the main causative 
agent in cervical carcinogenesis. Recent studies have shown 
that the composition of vaginal microbiota is an important 
factor in modulating the persistence of HPV infection and 
oncogenic progression. Although there have been studies on 
the relationship between vaginal microbial profiles and HPV 
genotypes in different populations, no comprehensive study 
has been conducted on this relationship in Cypriot women. 
This study therefore provides novel regional epidemiological 
and microbiological data, contributing to the understanding of 
HPV–microbiota interactions within the Mediterranean popu-
lation.
Methods: A total of 100 women were stratified into HPV-nega-
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tive (n = 34), HPV-16–positive (n = 33), and HPV-18–positive 
(n = 33) groups. HPV DNA was extracted using the QIAamp 
DNA Mini Kit and genotyped by PCR-based molecular assay. 
Vaginal microbiota profiling was performed using a multiplex 
real-time molecular STD panel. Comparative frequency analy-
sis was conducted to assess differences in microbial distributi-
on across genotype groups.
Results: HPV-16 infection demonstrated a distinct dysbio-
tic profile compared with HPV-18 and HPV-negative groups. 
Gardnerella vaginalis was detected in 71.4% of HPV-16–posi-
tive women in the analysed subgroup, compared with 50% of 
HPV-negative controls and 0% of HPV-18–positive patients. 
HPV-16 cases also showed increased polymicrobial coloniza-
tion, including Ureaplasma spp. and Mycoplasma hominis. In 
contrast, HPV-18 infection  exhibited minimal microbial im-
balance. These findings indicate a genotype-specific microbial 
signature, with HPV-16 strongly associated with anaerobe-do-
minant dysbiosis.
Conclusion: The findings of the present investigation show the 
existence of genotype-related differences in the vaginal micro-
biota of individuals infected with HR-HPV. The prevalence of 
Gardnerella vaginalis in HPV-16-infected individuals indica-
tes a possible synergistic effect. The combination of molecular 
HPV typing and microbiota typing is a promising biotechno-
logical approach in the prevention of HPV-related diseases.
Keywords: Human papillomavirus, Vaginal microbiota, Geno-
type-specific dysbiosis, Precision prevention
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Kosi Gramatikoff
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This presentation explores how generative AI is reshaping the 
nature, structure, and pace of innovation. Moving beyond a 
tool-centric view, it frames innovation as a systemic, recursive 
ecosystem—less a “lightbulb moment” and more an interconne-
cted grid of capabilities, feedback loops, and enabling infrastru-
ctures. Drawing on historical contrasts between exploratory and 
formalized knowledge creation, the talk situates today’s AI mo-
ment within a longer arc of scientific and technological evolution.
An integrated framework of innovation is introduced through 
four core pillars and a recursive loop architecture that defines 
emerging AI-driven innovation cycles. These cycles emphasize 
continuous iteration between hypothesis generation, modeling, 
validation, and application—accelerated by generative AI sys-
tems acting as active collaborators rather than passive tools.
The presentation further outlines a normative architecture for 
future innovation ecosystems, grounded in five guiding prin-
ciples, and demonstrates practical implications through AI-as-
sisted hypothesis generation and biomedical modeling use ca-
ses. Particular attention is given to the convergence of wet and 
dry lab paradigms, the role of digital twins, and the identifica-

tion of disease modules as a new frontier in systems biology.
Finally, the talk presents seven forward-looking visions, inclu-
ding AI as a lab partner, human–AI cognitive alignment, the 
emergence of a shared human–AI language, and the redefini-
tion of creativity as a central organizational value. These visi-
ons collectively point toward a future in which innovation is 
co-evolved by humans and machines, culminating in a broader 
aspiration: the democratization and freedom of knowledge.
Keywords: Human–AI collaboration, AI lab partner, 
Cognitive alignment, Human–AI interface (HMI), Hu-
man–AI language, Augmented intelligence, Hypothesis ge-
neration, Computational modeling, Wet lab vs. dry lab integ-
ration, Digital twins, Omics data integration, Disease modules
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Background: Simulation-based education plays an increasing-
ly important role in dental curricula, supporting the acquisiti-
on of psychomotor and cognitive skills in a controlled, low-risk 
environment. Learning management systems such as Moodle 
can further enhance this process by providing structured, inte-
ractive learning units that prepare students for hands-on trai-
ning on high-fidelity simulators. This study describes the deve-
lopment and preliminary evaluation of an interactive Moodle 
lesson used as pre-simulation preparation in Endodontics for 
third-year dental students at the Medical University of Plovdiv.
Methods: An interactive learning unit titled “Endodontic Ac-
cess Cavity Preparation” was developed using the Lesson acti-
vity in Moodle. The learning unit included clearly defined ob-
jectives, nonlinear navigation paths, and multimodal content 
(text, images, and short video clips), and embedded formati-
ve questions to maintain interactivity. It was implemented in 
both Bulgarian- and English-taught groups of third-year dental 
students. Student satisfaction was assessed via an anonymous 
electronic questionnaire following lesson completion. Data was 
exported and analyzed quantitatively using IBM SPSS Statistics 
version 23.
Results: Results indicate high levels of student satisfaction 
across both language groups. Participants reported that the 
structure and multimodal presentation made the material in-
teresting and engaging, and the nonlinear pathways supported 
a sense of personalization and choice in learning. Students also 
stated that the lesson was suitable for self-directed preparation 
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before working with a high-technology dental simulator and 
helped them better understand key steps in endodontic access 
cavity preparation. No significant difference in satisfaction le-
vels was observed between Bulgarian- and English-speaking 
cohorts.
Conclusion: Integrating interactive Moodle lessons as prepa-
ratory tools for simulation-based training in dental education 
positively influences student engagement and learning satisfa-
ction. The approach supports personalized learning and serves 
as an effective bridge between theoretical instruction and prac-
tical application on high-fidelity simulators.
Keywords: Moodle, simulation-based learning, conservative 
dentistry, endodontics, dental education, interactive e-learning
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Vitamin D is widely recognized as a central regulator of nume-
rous physiological processes in the organism. Vitamin D status 
is critically important in pregnant women of all ages as it is 
actively involved in several processes. At the molecular level, 
it regulates the transcription of numerous genes. Maintaining 
adequate status is crucial to supporting a healthy pregnancy, 
optimal fetal growth, and long-term offspring health. Our study 
aimed to investigate the association between vitamin D status 
and clinical and laboratory characteristics in pregnant women. 
The study was conducted in the Adjara population region (Ge-
orgia). According to the study, different results were revealed 
depending on vitamin D status, both in clinical and laboratory 
characteristics. Our findings suggest an important link betwe-
en maternal vitamin D levels and various characteristics.
Keywords: Vitamin D status; pregnancy; pregnant women; cli-
nico-laboratory characteristics; maternal health
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Background: Wild mushroom poisoning remains a significant 
global toxicological challenge due to the diversity of toxins and 

clinical syndromes. Early diagnosis is critical, particularly in 
amatoxin intoxication, where delayed symptom onset is associ-
ated with severe organ damage and high mortality.
Methods: A systematic literature review was conducted using 
PubMed/MEDLINE, EMBASE, and Web of Science, covering 
studies published between January 2008 and March 2025. Stu-
dies addressing diagnosis, risk stratification, and clinical ma-
nagement in human mushroom poisoning were included and 
analysed using a narrative synthesis approach.
Results: A total of over 52 studies were analysed. Urinary ama-
nitin detection demonstrated high diagnostic reliability, while 
LC–MS/MS and LAMP assays provided highly sensitive toxin 
and species identification. Risk stratification models, including 
CLIF-OF and machine learning algorithms, showed strong 
prognostic performance (AUC up to 0.90). Combined therapy 
with silibinin and penicillin G significantly reduced treatment 
failure compared to monotherapy. Extracorporeal detoxifica-
tion techniques and liver transplantation improved survival, 
with pooled mortality estimated at approximately 2.87%.
Conclusion: The diagnostic paradigm in mushroom poisoning 
is shifting toward an integrated model combining clinical, toxi-
cological, and molecular approaches. Effective management 
requires early recognition, dynamic risk assessment, and timely 
therapeutic escalation. Future progress depends on standardi-
zed clinical algorithms and multicenter prospective studies to 
optimize treatment strategies and improve patient outcomes.
Keywords: mushroom; fungi; poisoning; treatment
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Background: Multifactorial genetic diseases exhibit a polyge-
nic architecture in which numerous common single-nucleotide 
polymorphisms (SNPs) contribute modestly to overall disease 
risk. Conventional Polygenic Risk Scores (PRS) rely on geno-
me-wide association study (GWAS) effect sizes, which are of-
ten unavailable or poorly transferable for rare or understudied 
conditions. This study presents a GWAS-independent pipeline 
for PRS construction and demonstrates its application in lipe-
dema.
Methods: Individual-level genotypic data from 314 subjects 
(208 cases and 106 controls) were analyzed using a workflow 
based on biologically preselected variants associated with re-
levant physiological pathways. The standardized pipeline inc-
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luded quality control, alignment, variant calling, annotation, 
and genotype filtering. Feature selection was performed using 
a linear Support Vector Machine (SVM), ranking variants by 
absolute model weights to identify the most informative predi-
ctors. Ridge regression with L2 regularization was subsequent-
ly applied to derive stable PRS coefficients.
Results: Model performance was evaluated using area under 
the curve (AUC), accuracy, F1 score, and Nagelkerke’s pseu-
do-R². Analysis of PRS distributions and predictor importance 
supported model interpretability and highlighted the contribu-
tion of weak but cumulative genetic signals. The final model 
achieved an AUC of 0.87 and a Nagelkerke’s pseudo-R² of 0.13, 
indicating meaningful capture of aggregated genetic risk in li-
pedema.
Conclusion: This GWAS-independent pipeline provides a 
transparent and clinically interpretable strategy for PRS deve-
lopment in multifactorial diseases lacking large GWAS data-
sets. The combined SVM–ridge approach proved robust and 
adaptable, showing encouraging performance in lipedema and 
potential applicability to translational risk stratification in ot-
her complex conditions.
Keywords: Moodle, assessment as learning, simulation-based 
learning, conservative dentistry, formative quiz
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The analysis of our research include 1,640 patients with osteo-
arthritis and avascular necrosis of the hip and knee, meniscus 
tears and shoulder injuries, who were treated at the Institute of 
Traumatology and Orthopedics of the NAMS of Ukraine in the 
period from 2015 to 2025. We used autologous products from 
peripheral blood, bone marrow and adipose tissue and alloge-
nic MSCs and exosomes.
We found that the patients with the 1st and 2nd stages of hip 
and knee osteoarthritis had good results after LR-PRP and LP-
PRP (p ≤ 0.05). The patients with stage 3 knee osteoarthritis ne-
eded additionally bone marrow or adipose tissue concentrates.
The comparative analysis of orthobiologic treatment patients 
with meniscal injuries demonstrated its effectiveness in the 
short term and in the long term, which is reflected in the im-
provement of joint function and a significant reduction of pain.
We found that the quality of life of the patients with hip and 
knee avascular necrosis with preoperative preparation by intra-
articular injection of autologous peripheral blood concentrates 
demonstrated better results than in the group with single intra-
osseus injection of the mononuclear fraction of bone marrow 
aspirate (p<0.05). An analysis of quality of life was conducted 
depending on the Ficat stage and reliable indicators of impro-
vement in quality of life, as well as analgesic effect and impro-
vement in joint function in patients with stages 1 and 2 of avas-
cular necrosis were established.

Allogenic hP-MSCs and exosomes were well-tolerated, with 
no severe adverse events observed. Significant improvements 
in WOMAC and VAS scores were noted in the MSC group 
compared to the Control group at both 6 and 12 months. MRI 
analysis revealed no significant differences in cartilage thick-
ness or optical density index between the groups. Serum cy-
tokine analysis showed a significant decrease in interleukin-2 
(IL-2) levels, indicating an anti-inflammatory effect of hP-M-
SCs.
Keywords: Orthobiology. osteoarthritis, avascular necrosis, 
joint diseases, regenerative medicine, mesenchimal stem cells, 
exosomes
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Articular cartilage (AC) is a connective tissue whose extracel-
lular matrix (ECM), composed mainly of type II collagen and 
aggrecan, provides tensile strength and resistance to compres-
sion. Due to its avascular and sparsely cellular nature, AC has 
limited turnover and repair capacity, making it vulnerable to 
degeneration. Tissue remodelling during growth is essential 
for long term joint function, yet the underlying protein level 
adaptations remain poorly characterised. Here, label free mass 
spectrometry was used to profile the ECM proteome of goat 
AC, a large animal model relevant to human joint biology, to 
define molecular changes during cartilage maturation.
AC was collected at seven postnatal stages from neonatal to 
adult (n = 3 per stage) under UCD ethical approval (AREC 21 
22). Full thickness distal first phalanx samples were cryopulve-
rised and extracted using a guanidine HCl protocol to recover 
soluble and insoluble matrix fractions. Peptides were digested 
with trypsin and analysed by LC MS MS. Data were processed 
in MaxQuant using the Capra hircus proteome. Label free qu-
antification values were filtered, log transformed and analysed 
in R. Proteins were classified with MatrisomeDB; differential 
abundance was assessed with limma and pathway enrichment 
with Reactome.
A total of 799 proteins were identified, including 157 ECM 
components. Principal component analysis revealed a clear de-
velopmental trajectory from neonatal to adult tissue. Early sta-
ges were enriched in collagens and proteoglycans such as CO-
L9A1, COL11A1 and ACAN, whereas regulators and structural 
proteins including COL6A1, FN1, CILP and HTRA1 increased 
with age. Enrichment analysis indicated declining collagen bi-
osynthesis after mid juvenile stages and increased elastic fibre 
formation, crosslinking and glycosaminoglycan metabolism.
Cartilage maturation involves functional reorganisation rat-
her than replacement of matrix components, with a shift from 
ECM assembly in early development to structural stabilisation 
and maintenance in adulthood.
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Keywords: Articular cartilage, proteomics, extracellular mat-
rix, development, mass spectrometry, goat, cartilage maturati-
on, osteoarthritis
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Background: Artificial intelligence (AI) tools may improve ra-
pid detection of intracranial hemorrhage on non-contrast head 
computed tomography (CT). However, their external validity 
in routine clinical practice remains insufficiently established. 
We evaluated the diagnostic performance of BrainScan CT, an 
AI-based radiology software, in an independent real-world co-
hort of patients undergoing emergency CT for suspected acute 
stroke.
Methods: This retrospective study included 1,419 non-contrast 
head CT scans from 1,260 consecutive patients. Intracranial 
hemorrhage was present in 120 scans (8.5%). Independent in-
terpretation by two board-certified radiologists served as the 
reference standard. Diagnostic performance was assessed using 
sensitivity, specificity, predictive values and McNemar’s test. 
Additional analyses evaluated performance by hemorrhage lo-
cation and imaging artefacts.
Results: BrainScan CT detected hemorrhage in 116 cases 
(96.7%) with a median confidence score of 1.00 (IQR 0.96–
1.00). Sensitivity was 96.7% and specificity 99.8%, with positive 
and negative predictive values of 98.3% and 99.7%, respecti-
vely. No significant systematic disagreement with radiologist 
interpretation was observed (McNemar p = 0.68). Detection 
remained high across anatomical regions, although sensitivity 
was lower for occipital hemorrhages.
Conclusion: BrainScan CT demonstrated excellent diagnostic 
performance and strong agreement with radiologist interpreta-
tion for detection of intracranial hemorrhage on non-contrast 
head CT. The tool may support triage and workflow in acute 
stroke imaging but should complement, not replace, expert ra-
diological assessment.
Keywords: Artificial intelligence; Computed tomography; Int-
racranial hemorrhage; Stroke.
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Background: Bone metastasis in advanced primary breast 
cancer patients is a global health concern. Bone marrow adi-
pose tissue (BMAT) provides a cultivating ground for tumour 
spread, however the underlying molecular mechanisms are not 
yet fully understood. 
Methods: Present study employed an in silico approach to 
identify bone lesion (BL) associated differentially expressed 
genes (DEGs) in breast cancer (BC) by employing the GEO2R 
tool on GEO database sourced microarray expression data. To 
this BL DEGs list, DEGs associated with BMAT were applied. 
Common DEGs were obtained and subjected to protein-pro-
tein interaction (PPI) and functional enrichment analysis using 
STRING 12.0. Subsequently, the immuno-metabolism associ-
ated genes’ list derived from GeneCards was mapped. Immune 
filtration was estimated using TIMER 2.0. 
Results: A total of 16 BL in BC associated genes were found 
to be commonly dysregulated for BMAT. These were mainly 
enriched for immune associated terms including immune sys-
tem and neutrophil degranulation. Amongst these genes, S100 
calcium binding protein A8 (S100A8) was found to be immu-
no-metabolic in nature. It associated negatively with M0 and 
M1 macrophages but positively with M2 highlighting pro-tu-
morigenic potential in BC. 
Conclusion: Hence, targeting S100A8 may provide a thera-
peutic window into the BMAT mediated immuno-metabolic 
crosstalk to address bone metastasis in BC.  
Keywords: Type 2 diabetes mellitus, osteoarthritis, breast can-
cer, bone metastasis, adipose tissue
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This study presents the design synthesis biological activity and 
nanoformulation of novel 4-(2,4-dichlorobenzamido)-benzo-
hydrazide derivatives as potent cholinesterase inhibitors with 
therapeutic relevance for Alzheimer’s disease. A rational medi-
cinal chemistry approach supported by computational mode-
ling was employed to develop a focused compound series tar-
geting acetylcholinesterase (AChE) and butyrylcholinesterase 
(BChE).
All synthesized derivatives exhibited strong nanomolar inhibi-
tion against AChE (2.57–5.06 nM) and BChE (3.08–4.95 nM), 
significantly outperforming donepezil. Compounds 5l and 5y 
were identified as lead candidates based on their superior IC₅₀ 
values. Molecular docking and MM-GBSA analyses revealed 
favorable binding interactions within the catalytic sites of both 
enzymes, which were further supported by 250 ns molecular 
dynamics simulations demonstrating stable protein–ligand 
complexes.
To enhance biocompatibility and therapeutic performance, 
elastic liposomal nanoformulations (F-5l and F-5y) were de-
veloped. The optimized vesicles showed nanosized distributi-
ons (66.08–74.98 nm), low polydispersity, and physicochemi-
cal stability at 4 °C. In vitro cytotoxicity studies on SH-SY5Y 
neuroblastoma and HUVEC healthy endothelial cells demons-
trated that liposomal encapsulation significantly reduced toxi-
city toward healthy cells while maintaining or improving an-
tiproliferative activity against cancer cells, leading to a marked 
increase in selectivity index.
Density functional theory (DFT) calculations further clarified 
electronic characteristics and supported structure–activity re-
lationships.
Overall, this integrated medicinal chemistry and nanobiotech-
nology strategy highlights the translational potential of elastic 
liposomal systems for selective cholinesterase inhibition and 
neurodegenerative drug development.
Keywords: Alzheimer’s disease; Cholinesterase inhibitors; 
Elastic liposomes; Cytotoxicity; Molecular docking; MD simu-
lation.
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The aim of this study was to provide information on the dama-
ge of some indicators of the growth performance in mussels, 
caused by the excessive increase in water temperature in sum-
mer season. The study was carried out in a mussel “population” 
that was reared in the panels of a fixed suspended culture, in 
Manastiri area, during 2024s. Samplings of mussels were car-

ried out without selection in the months of April-May and Jul-
y-August, from three parts of the ropes. For each month, no 
less than 90 molluscs were sampled. 
The highest measured value for temperature, in the surface la-
yer of water (0.25 m) was 29.4 °C (August). The increase in the 
average water temperature in the 0-3.0m layer, from 19.03 °C 
to 25.52 °C, had caused the reduction in the average oxygen 
content from 7.30 mgO2/l to 4.58 mgO2/l. The average values 
of the SGR%-index, for the reared stock of Mytilus gallopro-
vincialis, were 0.298±0.015 and 0.196±0.020. The regression 
and correlation analysis confirmed the significance of this 
differences. The average values of the Kn-factor for the reared 
mussels, in two time intervals were: Kn=0.871, in the Summer 
season and Kn=1.041, in the Spring season. The average values 
calculatet for the meat yield according to four months, were: 
0.241±0.0107 in April; 0.276±0.0151 in May; 0.231±0.0135 in 
July and 0.207±0.0150 in August. All analytical indicators of 
mussel growth, which were evaluated, manifested a reduction 
in values under conditions of a significant increase in water 
temperature.
Keywords: mussel, aquaculture, climate change, specific 
growth rate.
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Change-aware artificial intelligence for longitudinal medical Change-aware artificial intelligence for longitudinal medical 
image classification: a scoping reviewimage classification: a scoping review
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Longitudinal medical imaging detects disease-related anatomi-
cal or functional alterations that are frequently imperceptible 
in single-time-point assessments. This scoping study assesses 
whether machine-learning and deep-learning models that exp-
licitly incorporate temporal changes enhance illness picture 
classification, prognosis, or treatment-response prediction. 
Recent research was reviewed in the fields of neuroimaging, 
ophthalmology, cancer, respiratory imaging, and musculoske-
letal radiology. Qualified research employed paired or serial 
illness images, change maps, Siamese architectures, recurrent 
or transformer temporal models, self-supervised longitudinal 
pretraining, or the integration of radiomics with deep learning. 
The synthesis emphasized methodological patterns, documen-
ted performance improvements compared to baseline single-i-
mage models, and identified obstacles to clinical application. 
In several disease domains, change-aware models typically 
surpassed static-image methods when longitudinal pictures 
were accessible and temporally synchronized. In Alzheimer's 
disease, sequential MRI-based deep learning and temporally 
organized machine-learning models enhanced the prediction 
of mild cognitive impairment conversion and produced prog-
ression-sensitive biomarkers. In retinal disease, longitudinal 
self-supervised fundus/OCT models captured progression 
dynamics and enhanced the prediction of early diabetic re-
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tinopathy or age-related macular degeneration compared to 
models developed from the ground up. In oncology, Siamese 
and multi-task networks that use pre- and post-treatment MRI 
enhance response prediction compared to using pre-treatment 
or post-treatment pictures independently. Comparable trends 
were observed in glaucoma progression, alterations in osteo-
arthritis severity, tuberculosis/COVID-19 monitoring, and 
overall disease severity assessment. The primary benefit seems 
to stem from modeling intra-patient variation, therefore mini-
mizing inter-patient anatomical discrepancies and highlighting 
biologically significant progression or regression. Nonetheless, 
the evidence is varied due to uneven follow-up intervals, absent 
visits, registration inaccuracies, scanner/domain shifts, restric-
ted external validation, and variable management of leakage at 
the patient level. 
Longitudinal, change-sensitive medical image analysis is a pro-
mising avenue for enhanced disease categorization and prog-
nosis. The clinical value will rely on standardized temporal da-
tasets, strong alignment and harmonization, elucidated change 
location, and prospective validation.
Keywords: longitudinal imaging; deep learning; disease prog-
ression; medical image classification; change detection
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Background: Rapid diagnostics are essential for managing uri-
nary tract infections (UTIs) amid rising antibiotic resistance. 
This study evaluates the reliability of laser light scattering (LLS) 
technology, which monitors real-time bacterial growth kineti-
cs, for antimicrobial susceptibility testing (AST) compared to 
the standard Bauer-Kirby disk diffusion method (DDM).
Methods: A total of 89 microbial isolates from urine samples 
of hospitalised patients with symptomatic UTIs were analysed. 
LLS was used for the initial screening for bacterial growth and 
subsequent AST analysis of the positive samples. Identification 
of isolates was performed using MALDI-TOF mass spectro-
metry after agar-plate culturing. Positive samples underwent 
rapid phenotypic AST via Alifax system (based on laser light 
scattering). The AST results (obtained in 3-6 hours) were sta-
tistically compared with DDM results (obtained in 24 hours) 
utilising categorical agreement and Cohen's Kappa coefficient.
Results: Among 89 isolated microorganisms, Gram-negative 
enterobacteria dominated, primarily Escherichia coli (42.7%) 
and Klebsiella pneumoniae (29.2%). A total of 18 antibiotics 
were tested for each strain. The comparative analysis confirmed 
almost perfect inter-method reliability (Overall Percentage Ag-
reement 97.34%, Cohen’s Kappa 0.9475), achieving 99.67% 
sensitivity and 100% specificity for detecting resistance. The 
limited discrepancies predominantly involved E. coli isolates 
tested against amoxicillin-clavulanate, highlighting a need for 
cautious interpretation with this combination. The LLS met-
hod reduced turnaround time by nearly 20 hours compared to 
DDM.

Conclusion: Laser light scattering technology demonstrates 
high analytical concordance with traditional DDM while dras-
tically reducing AST turnaround time. This technology facili-
tates same-day targeted antibiotic therapy, which in turn could 
optimise patient outcomes and antimicrobial stewardship, thus 
holding potential as a cornerstone in precision microbiology 
for managing UTIs.
Acknowledgments: This study was funded by EU-NextGene-
rationEU through the Bulgarian National Recovery and Resi-
lience Plan (№BG-RRP-2.004-0007-C01) and Research Project 
№3.4.3/15.01.2024.
Keywords: laser light scattering, urinary tract infections
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The capacity of several aquatic plants to accumulate uranium 
(U) has been well documented, supporting their potential use 
in the phytofiltration of U-contaminated water. This study 
evaluates the phytofiltration potential of native aquatic flora 
growing in waters from the uraniferous region of Nisa, south-
ern Portugal. Plant and water samples were collected at select-
ed sites near U-mineralized areas. The sampled flora included 
submerged, free-floating, and rooted emergent species. Plant 
material was thoroughly washed with fresh water to remove 
sediment and other foreign matter. When appropriate, samples 
were separated into roots and aerial tissues. After drying, plant 
samples were ground into a homogeneous powder for analysis. 
Water samples were filtered, acidified, and cooled immediately 
after collection. Uranium concentrations in water and plants 
were determined by fluorometry. Chemical analysis of stream 
water showed that U was present in surface waters at concen-
trations ranging from 0.63 to 59.42 μg/L, while pH ranged 
from 5.20 to 6.74. The mean U concentration in water (5.97 
μg/L) was markedly higher than the estimated global riverine 
U flux values (0.2-0.6 μg/L). At one sampling site, U exceeded 
the WHO provisional guideline value for drinking water (30 
μg/L). Plant analysis revealed substantial U bioaccumulation in 
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several species, at levels far above those measured in ambient 
water. In general, the highest U concentrations were found in 
submerged species, whereas the lowest occurred in free-float-
ing species. Among submerged plants, the highest concentra-
tion was recorded in Callitriche stagnalis (314.11 mg/kg DW). 
In rooted emergent species, U appeared to be preferentially 
partitioned into rhizomes/roots, with the highest value ob-
served in Baldellia ranunculoides rhizomes (10.68 mg/kg DW). 
The abundance of Callitrichaceae members, together with their 
biomass, relatively high bioproductivity, and capacity to accu-
mulate several toxic elements simultaneously, highlights their 
potential for phytofiltration methodologies. Other species with 
high U uptake, such as Lemna gibba, Fontinalis antipiretica, 
Riccia fluitans, and B. ranunculoides, may also be suitable for 
monoculture or combined phytofiltration systems inspired by 
natural communities.
Keywords: Callitriche stagnalis; Macrophytes; Natural attenua-
tion; Phytoremediation; Rhizofiltration 
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The production of optically pure enantiomers is essential in 
pharmaceutical development, where small structural diffe-
rences can lead to major variations in therapeutic activity 
and safety. Chiral chromatography has become one of the 
most powerful biotechnological tools for achieving high‑re-
solution enantiomeric separation. This review summarizes 
recent advances in chromatographic techniques used for 
the purification of chiral compounds, with emphasis on 
biocompatible and sustainable approaches. Key develop-
ments include the design of recombinant protein‑based 
chiral selectors, immobilized enzyme stationary phases, and 
polysaccharide‑derived chiral columns that offer improved 
selectivity and robustness. Emerging technologies such as 
supercritical fluid chromatography, microfluidic chiral se-
paration platforms, and multidimensional chromatograp-
hic workflows further enhance efficiency, scalability, and 
solvent reduction. Together, these innovations demonstrate 
the expanding role of chiral chromatography in producing 
enantiomerically pure pharmaceuticals and highlight its im-
portance for precision medicine and modern biotechnologi-
cal manufacturing.
Keywords: biotechnology, chromatography, enantiomeri-
cally pure pharmaceuticals
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Background: The halophilic bacteria inhabiting high-salinity 
environments have evolved multiple molecular adaptations, 
allowing them to survive under high salt, low nutrient ava-
ilability, and high-pressure conditions. These adaptations 
encompass diverse mechanisms, including the synthesis of 
compatible solutes and other bioactive metabolites, as well as 
specialized enzymes that are stable under industrial conditi-
ons.
Methods: The combination of the cultivation approach fol-
lowed by genetic and genomic analyses was used to analyze 
the isolates from brines. Standard biochemical approaches 
were used to identify hydrolytic activities, and the combinati-
on of Raman spectroscopy and gas chromatography was used 
for polyhydroxyalkanoate characterization.
Results: Over 200 bacterial strains were isolated from brines 
associated with Miocene salt deposits in Slovakia, Ukraine, 
and Romania. Members of the Pseudomonadota class predo-
minated in all samplings; however, species-level comparisons 
revealed minimal overlap between different sampling sites. 
Nearly 30% of isolated taxa are probably representatives of 
new species, as evidenced by 16S rRNA and genomic analy-
ses. A broad spectrum of adaptations to hypersaline environ-
ments was detected, from genome reduction to specialized 
metabolite production. The isolates exhibited significant bi-
otechnological potential, including the production of indust-
rially relevant enzymes such as laccases, proteases, amylases, 
cellulases, and lipases. Some isolates demonstrated the capa-
city to synthesize polyhydroxyalkanoates, predominantly pol-
yhydroxybutyrate, highlighting their promise as sustainable 
biopolymer producers. 
Conclusion: Halophilic microbiota preserved within ancient 
Miocene salt deposits (approximately 10 to 12 million years 
old) represents a significant, largely untapped, and unique re-
servoir of biotechnological potential.
Keywords: Halophilic bacteria, brine, diversity, extremozy-
mes, polyhydroxyalkanoates
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CT scans are extensively used in forensic medicine training 
to provide non-invasive visualization, 3D anatomical mode-
ling, and objective documentation of injuries. They enhance 
education by allowing students to study trauma, locate fore-
ign bodies, analyze skeletal, dental, or decomposed remains 
without destroying evidence.
Virtual autopsy is not implemented in Bulgarian forensic 
medicine departments, representing a novel approach des-
pite its established global use. Introducing this innovative, 
combined method for post-mortem examinations will en-
hance the accuracy of determining the cause of death, do-
cumenting injuries, and reconstructing the mechanisms in-
volved. The current project aims to combine CT scans with 
a 3D anatomical visualization table Sectra, enabling the 
creation of three-dimensional images of anatomical structu-
res. The database created could be used for training medical 
students, specialists, and PhD students in forensic medicine 
and imaging diagnostics, with a comprehensive level of their 
competence.
Key applications in Forensic education: virtual autopsy tra-
ining: students learn to use 3D-CT data to visualize inju-
ries and plan autopsies, which is vital for forensic pathology 
education. Trauma and injury analysis: CT scans offer cle-
ar visualization of fractures, air embolism in stab wounds, 
and gunshot wound paths, aiding in understanding cause of 
death. Forensic anthropology: CT is used for age, sex, and 
stature estimation, as well as identification of victims in de-
composed or burned states. Case documentation and pre-
sentation: students learn to use digital, reproducible images 
for court presentations, which are often more objective than 
traditional autopsy photographs. Pediatric trauma recogni-
tion: CT is crucial for identifying signs of child abuse.
Benefits in education: non-destructive analysis: allows deta-
iled study of cases without disturbing the body, preserving 
evidence. Enhanced visualization: 3D rendering helps in 
understanding complex, multi-layered trauma.
Acknowledgements: This study is financed by the Europe-
an Union-NextGenerationEU, through the National Reco-
very and Resilience Plan of the Republic of Bulgaria, project 
№ BG-RRP-2.004-0007-С01.
Keywords: education, virtual autopsy, post-mortem CT 
examination, 3D scanning
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Background: Extremity and pelvic injuries represent a 
substantial proportion of trauma-related morbidity and 
frequently require urgent orthopedic surgical intervention. 
Diagnostic inaccuracies or delayed imaging interpretation 
may significantly influence surgical prioritization and ope-
rative planning. Artificial intelligence (AI)–assisted imaging 
interpretation has emerged as a promising adjunct to con-
ventional radiologic assessment in trauma settings, offering 
the potential to improve diagnostic accuracy and support 
clinical decision-making.
Methods: A structured review of the literature was condu-
cted using PubMed, Web of Science, and Scopus databases, 
focusing on studies published between 2018 and 2025. Eli-
gible studies evaluated AI-based imaging analysis for upper 
extremity, lower extremity, and pelvic trauma. Particular 
emphasis was placed on diagnostic performance, external 
validation, clinical applicability, and integration into ortho-
pedic workflows.
Results: AI algorithms demonstrate high sensitivity and 
specificity for fracture detection across multiple anatomical 
regions, including distal radius, proximal humerus, hip, fe-
moral shaft, tibial plateau, ankle, pelvic ring, and acetabular 
injuries. Emerging applications include automated fracture 
detection and classification, CT-based injury segmentation, 
and AI-supported decision tools for surgical planning. The-
se technologies may support rapid triage, reduce diagnostic 
errors, and assist orthopedic surgeons in prioritizing surgi-
cal management in acute trauma settings. Despite encou-
raging performance metrics, important limitations remain, 
including dataset heterogeneity, limited external validation, 
regulatory considerations, and challenges related to integra-
tion into real-world clinical workflows.
Conclusions: AI-assisted imaging interpretation holds sig-
nificant potential to enhance diagnostic accuracy and sup-
port orthopedic surgical decision-making in extremity and 
pelvic trauma. Future research should prioritize prospecti-
ve validation studies, multicenter data harmonization, and 
structured implementation frameworks to facilitate safe and 
effective clinical adoption.
This study is financed by the European Union – NextGe-
nerationEU, through the National Recovery and Resilience 
Plan of the Republic of Bulgaria, project № BG-RRP-2.004-
0007-C03.
Keywords: artificial intelligence, trauma imaging, clinical 
decision support
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Aquaculture is a growing sector due to the high demand of 
nutritive and beneficial food for consumers. Together with an 
ever-growing population, recovery of by-products for feed in-
tegration is a sustainable aim, in the green transition era. This 
project wants to evaluate in rainbow trout (Oncorhynchus my-
kiss) reared in outdoor tanks of about 120 specimens each, the 
effects of diets integrated with polyphenols extracted from oli-
ve oil by-products. Polyphenols are rich in bioactive molecules, 
chemically characterized, with known antimicrobic, anti-inf-
lammatory, antioxidant, and immune-modulating properties.
Differential gene expression will be assessed by RTqPCR in 3 
categories of 9 specimens each, particularly the control, the 
low-dose polyphenol-treated, and the high-dose polyphe-
nol-treated groups, targeting genes of immune-inflammatory, 
oxidative stress and metabolic pathways, normalized with β-a-
ctin house-keeping gene.
Prior to conducting experimental runs, assay optimization is 
generally crucial. Primer sets were designed by means of Pri-
mer3-BLAST for different genes encoding; immunity media-
tors; superoxide dismutase 1; glutathione reductase; catalase; 
glutathione peroxidase; alkaline phosphatase; fatty acid–bin-
ding protein; fatty acid desaturase 6; elongation of very long-c-
hain fatty acids protein 5. Amplicon length and standard para-
meters have been considered together with the presence of an 
intron in the corresponding genomic DNA, to avoid contami-
nation and amplification bias. RNA extraction was performed 
with Trizol®, followed by Qubit® fluorometer quantification and 
RTqPCR.
For assay optimization, amplification was performed using 
SuperScript®III Platinum®SYBR® Green One-Step and an ideal 
concentration (200 nM) of primer forward/reverse as of temp-
late. Targets’ amplifications resulted efficient and repeatable, 
and melting curve pointed out primer sets specificity. Gene 
expression and transcriptomic studies will be implemented in 
the next future.
RC 001/2024 IZSUM, funded by Italian Ministry of Health
Keywords: nutrigenomic, RTqPCR, circular economy, Oncor-
hynchus mykiss
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Background: Coronary artery disease (CAD) is a complex, mul-
tifactorial condition influenced by both genetic and environ-
mental factors. The estimated heritability of CAD ranges from 
40–60%, and numerous common genetic variants contribute to 
disease susceptibility through pathways involved in lipid and 
triglyceride metabolism, vascular function, and inflammation. 
This pilot association study investigates common variants in car-
diovascular genes in patients with CAD and  healthy controls. 
Methods:  Seventeen patients with CAD and a 257 con-
trols were included.   Targeted next-generation sequencing 
(NGS) with the TruSight® Cardio Sequencing Kit (Illumi-
na, San Diego, CA, USA) was performed. Common variants 
(MAF > 0.05) in cardiovascular genes were assessed, and 
their distribution between cases and controls was evaluat-
ed. Data processing was performed using BCFtools 1.23 and 
PLINK 1.9, and association analysis was conducted using 
Fisher’s exact test with the Haldane–Anscombe correction.
Results: Several potential associations were found. Significant 
differences were observed for variants in genes involved in lip-
id and triglyceride metabolism, including PCSK9 (rs35574083, 
p=0.0003),  APOA4  (rs147610191, p=0.01),  APO-
B(rs373477107, p=0.001),  GPIHBP1  (rs61747644, p=0.01), 
and  CETP  (rs5883, p=0.002). Associations were found also 
in genes related to vascular structure and function, such 
as  TGFBR2  (rs2228048, p=0.006) and  MYH11  (rs794728667, 
p=0.01); and cardiac structure, such as  DPP6  (rs3734960, 
p=0.02) and  TRIM63  (rs35123100, p=0.003).
Conclusion:  This pilot study revealed some interesting asso-
ciations of common variants with CAD in Bulgarian patients. 
Some of the genes, including PCSK9, APOB, and CETP have 
been previously reported in GWAS of CAD and lipid traits. 
For variants detected in APOA4, GPIHBP1, TGFBR2, MYH11, 
DPP6, and TRIM63 there is limited evidence for direct CAD as-
sociation and further investigation in larger cohorts is needed.
Acknowledgements:  This study is financed by the Eu-
ropean Union-NextGenerationEU, through the Na-
tional Recovery and Resilience Plan of the Repub-
lic of Bulgaria, project №  BG-RRP-2.004-0004-C01
Keywords: genetic variants, coronary artery disease, next-ge-
neration sequencing 
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Contemporary trends in digital health and preventive medi-
cine have increased interest in using artificial intelligence to 
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develop and promote personalized wellness services. Recent 
trends indicate that AI-based systems enable the development 
of recommendations tailored to individual needs, lifestyles, 
and health-related behaviors, which may be regarded as an ef-
fective tool for promoting preventive health. The aim of our 
study was to examine attitudes toward AI-based personalized 
wellness services in Adjara. A quantitative study was conducted 
using a questionnaire survey, with 200 respondents. Based on 
the findings of the present study, it is noteworthy that the de-
velopment of health-oriented, innovative, and preventive wel-
lness services may represent a promising direction that could 
significantly create new opportunities in wellness tourism.
Keywords: artificial intelligence, wellness services, personali-
zation, preventive health, Adjara
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Streets are physical or recreational challenges designed to test 
the speed, agility and endurance of an animal or a team that 
must complete them, usually timed, through jumping and ba-
lance. Horse show jumping mainly consists of fences (smaller, 
foldable) and fences/obstacle courses (larger, solid) used in 
show jumping races. Other obstacles include water jumps, open 
ditches or hedged ditches: they are designed to test the agility 
and endurance of a horse. Hurdles can range in height from 
1.03 m to over 1.53 m. The training of show jumping horses 
requires a holistic, long-term approach that balances physical 
conditioning, mental preparation and, most importantly, ma-
intaining their health. A successful competition horse is a &qu-
ot;happy athlete&quot;, which means that its training, diet and 
restmust be managed to avoid injuries and exhaustion. Physical 
conditioning should begin at least 3 months before the start of 
the season, with an emphasis on gradual and progressive trai-
ning. Usually, show jumping horses have good health, their da-
ily training allows them to be in great sporting shape, any ail-
ments being the result of inadequate nutrition in quantity and 
quality, in this regard, checking the ration, feed assortments 
and water must be done periodically. Following hematological 
and biochemical laboratory tests on blood samples from 5 hor-
ses, alterations in blood parameters were found, which allows 
the identification of hidden diseases and their early treatment.
Keywords: obstacle course; training; feed; metabolic profile
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Background: The utilization of plant-derived phytochemicals 
contributes to global sustainability goals by the valorization of 
agricultural by-products and reducing environmental waste. 
Plants contain various phytochemicals with antimicrobial pro-
perties. Hazelnut (Corylus avellana) is one of the most widely 
consumed nuts globally; however, the hazelnut processing in-
dustry generates more than 300 thousand tons of green husk 
waste annually. This study aims to explore the antimicrobial 
potential of these husks as a natural source of bioactive com-
pounds.
Methods: A methanolic extract was obtained from hazelnut 
green husks and analyzed for its phenolic contents. The anti-
microbial activity of the extract was evaluated against Staphy-
lococcus aureus strains (ATCC 25923 and ATCC 29213) using 
agar well diffusion and broth microdilution assays. Ciprofloxa-
cin was used as a comparative standard. Additionally, molecu-
lar docking simulations were performed to assess the binding 
affinity of catechin to DNA Gyrase, a key antibacterial target.
Results: The extract was found to contain high amounts of ca-
techin (0.5527 mg/mL). In agar well diffusion assays, the ext-
ract showed inhibition zone diameters of 12-6 mm for ATCC 
25923 and 16-6 mm for ATCC 29213, while ciprofloxacin (1 
µg/mL) yielded 12 mm for both. MIC90 values for the extract 
were 6250 µg/mL and 6263 µg/mL, compared to 710 µg/mL 
and 720 µg/mL for ciprofloxacin. Molecular docking revealed 
that catechin had higher binding affinities (-9.03 kcal/mol and 
-9.12 kcal/mol) against DNA Gyrase subunits than ciprofloxa-
cin (-7.94 kcal/mol and -7.18 kcal/mol).
Conclusion: These findings suggest that hazelnut green husk 
represents a promising natural source of catechin with signifi-
cant antimicrobial potential. The valorization of this agricultu-
ral waste offers a viable alternative to conventional antibiotics 
and supports environmental sustainability.
Keywords: Antimicrobial, DNA Gyrase, hazelnut green husk, 
plant extract, Staphylococcus aureus
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Nadiel Çadri1, Bamela Tafa1, Aja Pollo1, Uejda Llaka1, Ariola Bacu1,2
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Studying AL-PCD in plants is crucial for plant development 
especially in climate change conditions. This study aimed to es-
tablish workflows investigating AL-PCD phenomena in wheat 
(T.aestivum L.) under stress conditions (heat, Ethanol and 
NaCl treatment). 
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Plant material was prepared following Hogg et al., 2011. For 
heat treatment, Five-day-old seedlings were exposed to 55°C, 
then returned to 23°C for 6 hours before analysis. Ethanol treat-
ment: Five-day-old seedlings were placed in 6-cm Petri dishes, 
incubated at room temperature for 6 hrs. NaCl treatment: Five-
day-old wheat seedlings were incubated in 6-cm Petri dishes 
for 5 min and were transferred to 6-cm Petri dishes containing 
5 ml of ddH2O and kept in constant light, room temperature 
for 24 hrs. To assess chromatin condensation, 2mm of fine 
roots were stained in DAPI (1μg/ml), visualized in Fluores-
cence Inverted Microscope (10X-40X) with OptikaProview to 
measure fluorescence intensity, alive/dead cells and cell mor-
phology across 5 samples X 5 standard squares (controls and 
treated). Same samples were used to score alive/dead cells, as-
sess membrane damage and lesion formation. Results showed 
chromatin condensation at stressed material, with HT material 
reaching 2X fluorescence than controls. Also, other treatments 
exceeded control levels. No significant differences were found 
between the two cultivars under heat stress. Root cell survival 
declined progressively across ethanol, salinity and heat treat-
ments, causing membrane damage and necrotic lesions up to 
threefold larger than normal cells. 
In conclusion, the workflows effectively assess AL-PCD under 
abiotic stress and support selection of resistant cultivars.
Keywords: AL-PCD, chromatin condensation, fluorescence, 
cell morphology
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In a private microfarm, at the request of the owner, we per-
formed a clinical examination and blood sampling for bioc-
hemical and hematological examination in turkeys and turkey 
poults; we collected blood from 10 turkey poults (age 21 days). 
The clinical manifestations observed in turkeys and turkey 
poults can be considered "technopathies Pendulous goiter is a 
condition that inhibits growth and impairs yield; the etiology 
is not fully elucidated; it seems to be a deficiency in pyridoxine 
or excessive food intake causes the glandular stomach to ex-
pand. At a percentage of 0.5-1% we observed unilateral and/
or bilateral infraorbital sinusitis; to discover the etiology of this 
condition which is usually infectious, we took blood samples 
from 2 males and 2 females and performed a Leukocyte For-
mula which was not modified; so air currents, poor ventilation 
led to the appearance of this condition. Locomotor disorders 
and conditions are isolated cases...but they do exist; we found 
lameness, we observed lack of movement, lateral decubitus and 
"curved claw position". Locomotor disorders are due to some 

dysmineralosis, dysvitaminosis (in B2), etc. Biochemically, we 
determined: total pro-teins, cholesterol, glucose, ASAT, ALAT, 
GGT, uric acid and creatinine; we found hypoalbu-minemia, 
hypoglycemia, increased ALAT activity: the rest of the para-
meters are normal. Hypo-albuminemia can be the expression 
of an Inflammatory syndrome in response to exogenous or en-
dogenous stress factors, which can alter protein metabolism or 
hepatic synthesis disorders. Increased ALT in meat turkeys is 
often related to nutritional or metabolic imbalances. Hypog-
lycemia in 21-day-old (3-week-old) turkey poults is a critical 
metabolic condition, often related to environmental stress,
malnutrition or an underlying disease.
Keywords: stress; turkeys; pendulous goiter; ventilation; techn
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Clinical evaluation of oral cavity diseases in domestic cats: a Clinical evaluation of oral cavity diseases in domestic cats: a 
study of 10 casesstudy of 10 cases
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Oral cavity diseases represent common pathologies in feline 
medicine and can significantly affect the health and welfare 
of domestic cats. This study evaluated the clinical presenta-
tion and prevalence of oral diseases in a population of ten 
feline patients examined at the “Prof. Dr. Alin Bîrțoiu” 
University Veterinary Emergency Hospital in Bucharest.
For each case, the diagnostic protocol consisted of anamne-
sis, clinical examination, and complementary investigations 
when required. The evaluation included both extra-oral and 
intra-oral examination of oral tissues, teeth, gingiva, and 
mucosal structures in order to identify inflammatory, in-
fectious, or proliferative lesions. In selected cases, additional 
investigations were performed to confirm the diagno-
sis, including blood analyses, PCR testing for infectious 
agents such as feline calicivirus, feline herpesvirus, My-
coplasma spp., and Chlamydia spp., as well as imaging 
techniques when indicated.
The results showed that oral diseases affected cats of 
different ages and both sexes, although certain tenden-
cies were observed. Among the ten patients, males were 
predominant (7 cases). Age distribution indicated a higher 
frequency of oral pathologies in older animals, with four 
cats older than 12 years. However, three cases were also 
identified in the 0–2 year age group, showing that oral 
diseases may also occur in young animals.
Periodontal disease was the most frequently diagnosed con-
dition, affecting approximately 50% of the evaluated cats. 
Chronic gingivostomatitis represented the second most 
common disorder, while eosinophilic granuloma complex 
was less frequent but clinically relevant. The most com-
mon clinical signs included halitosis, gingival inflammation, 
sialorrhea, dysorexia, oral discomfort, and lesions located 
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at the mucocutaneous junction of the upper lip in cases of 
feline eosinophilic granuloma complex.
These findings highlight the importance of early di-
agnosis, thorough clinical examination, and appropriate 
therapeutic management, including local and systemic 
treatment when required, in order to improve the health 
and quality of life of affected feline patients.
Keywords: Feline oral diseases; periodontal disease; gingivos-
tomatitis; veterinary dentistry; feline stomatology
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Comparative analysis of the antioxidant activity of extracts Comparative analysis of the antioxidant activity of extracts 
from three Black Sea bivalvesfrom three Black Sea bivalves
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Dobreva, Tatyana Hristova, Tonika Stoycheva, Neli Hristova, Albena 
Merdzhanova
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Marine bivalves are known to accumulate various secondary 
metabolites that may exhibit antioxidant properties.This study 
investigates the antioxidant properties of 70% and 95% etha-
nol extracts from the tissues of three Black Sea bivalve species: 
Mytilus galloprovincialis, Donax trunculus, and Chamelea galli-
na. The antioxidant potential was evaluated using four spectro-
photometric assays based on different chemical mechanisms: 
DPPH and ABTS (radical scavenging) and FRAP and CUPRAC 
(reducing power). The results indicate that the extraction of an-
tioxidant compounds was influenced by both the species and 
the ethanol concentration used. In the 70% ethanol group, the 
highest activity was measured in M. galloprovincialis (1.75 mM 
TE/g via ABTS). Within the 95% ethanol extracts, C. gallina 
showed the highest values, particularly in the CUPRAC assay 
(5.24 mM TE/g). These variations suggest that the biochemi-
cal composition of the samples responds differently to solvent 
polarity, likely reflecting differences in species-specific diets 
and environmental conditions. Statistical analysis identified 
specific relationships between the chemical components and 
the observed activity. Total phenolic content correlated most 
strongly with the ABTS results (r = 0.9040), while total carot-
enoids showed a higher correlation with the FRAP assay (r = 
0.9130). These findings suggest that phenolic and carotenoid 
compounds contribute to the antioxidant capacity through dif-
ferent chemical pathways.
In conclusion, the data show that these Black Sea bivalves con-
tain compounds with measurable antioxidant activity, particu-
larly when extracted with 95% ethanol. Such results provide a 
basis for further research into their potential use as ingredients 
in functional food or biotechnological applications.
Keywords: Black Sea bivalves; Antioxidant capacity; Ethanol 
extraction;  Phenolic  compounds; Carotenoids
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To detect heavy metals and radioactive substances, samples 
from 6 control plants (walnut fruits) were collected from dif-
ferent villages in Khulo Municipality. The content of mercury 
and arsenic is almost equal (0.001-0.01 μg/kg) in the fruits of 
the varieties selected for research in different villages of Khu-
lo municipality, The fruits of form No. 2 are distinguished by 
their relatively high cadmium content (0.02±0.003 μg/kg), 
which is found in the village of Vernebi. Form No. 2 (0.12 μg/
kg) is also distinguished by the highest lead content, while form 
No. 4 (0.03 μg/kg) is distinguished by the lowest content in the 
village of Kvatia. The highest copper content was also record-
ed in form No. 4 (11.2 μg/kg), while form No. 2 (5.4 μg/kg) 
stands out for this element in the village of Pushrukauli. The 
highest zinc content was observed in form No. 5, distinguished 
in Pushrukauli (35.5 μg/kg), while the lowest content was ob-
served in form No. 1, distinguished in Vernebi (19.6 μg/kg). 
Form No. 1, which is found in the village of Vernebi, stands 
out for its high (6.78±13.8 μg/kg) cesium content. The low level 
is observed in the village of Pushrukauli, in the form of No. 
5 (0.00±14.7 μg/kg). Form No. 2 stands out in the village of 
Vernebi with its high strontium content (5.40±21.9 μg/kg). As 
the research results showed, the content of some heavy metals 
and radioactive substances varies, both at the level of different 
villages and forms.
Keywords:  Walnut (Juglans Regia), heavy metals, fruit, Adjara, 
content.
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The transition from conventional light microscopy to digital, 
whole-slide imaging (WSI) has created a mature technological 
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foundation for scalable e-learning in morphology-based dis-
ciplines such as histology and pathology. WSI enables comp-
lete digitization of glass slides into navigable, multi-resolution 
“virtual slides” that can be stored, shared, annotated, and re-
peatedly used for teaching and assessment, thereby extending 
access beyond the microscope room and enabling structured 
self-directed learning.
A defining advantage of digitized slide repositories is standar-
dization: all learners can work with the same high-quality ima-
ges, avoiding variability due to slide fading, broken coverslips, 
limited microscope availability, or restricted lab hours. Eviden-
ce synthesis in medical education indicates that virtual micros-
copy is commonly preferred by learners and is associated with 
improved academic performance compared with traditional 
light microscopy in many settings (meta-analysis pooled effect 
size demonstrating higher exam performance).
We present the project-oriented concept of Medical University 
Plovdiv into an academically framed implementation and edu-
cation model. The central aim is to transform archived histo-
logy/pathohistology teaching slides into high-resolution digital 
images, store them securely within institutional infrastructure, 
and deploy them via an authenticated virtual platform that sup-
ports annotations, search, curriculum alignment, and integra-
tion with formative and summative assessment.
This research was funded by the Next Generation EU, through 
the National Recovery and Resilience Plan of the Republic of 
Bulgaria, project No. BG-RRP-2.004-0007-C01 of 31.12.2022. 
Project No. 3.4.15 /01.04.2024.
Keywords: education, pathology, histology, whole-slide ima-
ging, virtual microscopy
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Background: Myalgic Encephalomyelitis/Chronic Fatigue 
Syndrome (ME/CFS) is a chronic multisystem illness that 
is frequently accompanied by gastrointestinal symptoms. 
Growing evidence suggests distinct gut microbiome pro-
files in affected individuals. The objective of the current 

study was to investigate the gut microbiome features of 
patients with (ME/CFS).
Methods: Following strict inclusion criteria, 75 ME/
CFS patients and 37 healthy controls aged 18-65 were 
selected. Gut microbiome composition was profiled by 
full-length 16S rRNA gene sequencing with the Microbi-
al Amplicon Barcoding Kit (Oxford Nanopore Microbial 
Amplicon Barcoding Kit) followed by taxonomical classifi-
cation with the Emu database v3.4.5. Profiles were assessed 
using non-phylogenetic diversity metrics and ordination. 
Beta diversity was assessed using Bray–Curtis distances in 
QIIME2 with multivariable testing adjusting for age, BMI, 
and gender. Differential abundance analysis (DAA) was 
performed using ANCOM-BC at genus and species lev-
els. Microbial co-abundance networks and multivariable 
association models were applied to explore relationships be-
tween taxa and clinical questionnaire scores related to anxi-
ety and depression.
Results: Beta diversity analysis revealed significant diffe 
ences in gut microbial community composition between 
ME/CFS patients and controls (PERMANOVA p=0.021), 
without significant dispersion differences (PERMDISP 
p=0.112). Multivariable PERMANOVA confirmed that 
disease status remained significantly associated with 
microbiome composition after adjusting for age, BMI, 
and gender (R²=1.8%, p=0.016). No significant effects of 
age, BMI, or gender were observed, and no interaction be-
tween BMI and disease status was detected. DAA identi-
fied several taxa significantly altered in ME/CFS patients, 
including increased abundance of Phascolarctobacterium 
(LFC=1.44, p=0.024) and Subdoligranulum (LFC=1.01, 
p=0.002). Conversely, reduced abundance was observed 
for taxa such as Prevotella (LFC=−1.72, p=0.011) and 
Holdemanella (LFC=−1.52, p=0.0005), indicating dis-
ease-associated shifts in microbial composition.
Conclusion: These findings demonstrate a significant asso-
ciation between ME/CFS and alterations in gut microbiome 
structure, independent of major demographic and metabol-
ic covariates, with specific taxa contributing to communi-
ty-level differences.
Keywords: gut microbiome, dysbiosis, Myalgic Encephalomye-
litis, Chronic Fatigue Syndrome
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Coastal wetlands are ecosystems of high ecological value 
because of their biodiversity and the ecosystem services 
they provide. However, they are threatened by anthropo-
genic pressure, climate change, and the spread of invasive 
species, which can alter plant and soil microbial communi-
ties. In the Albufera Natural Park (Spain), the expansion 
of Spartina patens, a halophytic grass native to the Atlantic 
coasts of North America, represents an ecological threat. 
This species forms dense mats that restrict the development 
of native vegetation, modifying plant community structure 
and reducing biodiversity.
This study analyses the tolerance mechanisms of S. pat-
ens and its mycorrhizal colonisation under drought and 
salt stress. Morphological parameters, photosynthetic 
pigments (chlorophylls a and b, carotenoids), osmolytes 
(proline, total soluble sugars, glycine betaine), ions (Na+, 
Cl-, K+, Ca2+), oxidative stress markers (MDA, H2O2), 
antioxidant enzyme activities (superoxide dismutase, cata-
lase, glutathione reductase, ascorbate peroxidase) and antiox-
idant metabolites (total phenolic compounds, flavonoids) were 
evaluated. In addition, mycorrhizal colonisation structures (ar-
buscules, vesicles and hyphae) were quantified under salinity 
and water stress.
Spartina patens reduced leaf number from 400 mM NaCl 
onwards, whereas the root-to-shoot ratio increased signifi-
cantly at 800 mM NaCl. Proline accumulation was observed, 
and the species restricted the transport of Na+ and Cl- to 
the aerial parts, maintaining high K+ levels in leaves. All 
treatments reduced mycorrhizal colonisation; however, 
the percentage of arbuscules increased under 200 mM 
NaCl, which could enhance the invasive capacity of
S. patens and consequently disturb ecosystem balance.
Keywords: coastal wetlands, drought, mycorrhizae, salin-
ity, Spartina patens
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Background: Ischemic stroke (IS) is characterized by mito-
chondrial dysfunction caused by reduced oxygen supply to 
the brain. Cellular adaptation to hypoxia involves activation of 
hypoxia-inducible factor-1 alpha (HIF-1α), a key regulator of 
metabolic and inflammatory responses. Thrombolytic therapy 
restores cerebral blood flow and its impact on mitochondrial 

bioenergetics and hypoxia-related signaling remains insuffi-
ciently understood. The aim of the present study was to eva-
luate mitochondrial respiratory function and plasma HIF-1α 
levels in patients with IS before and after thrombolytic therapy.
Methods: A total of 62 samples of patients with IS were inclu-
ded in the study - patients before (n=31) and after thrombolytic 
therapy (n=31). Mitochondrial function was assessed using the 
Seahorse analyzer (Agilent) . Plasma concentrations of HIF-1α 
were determined using enzyme-linked immunosorbent assay 
(ELISA).
Results: Mitochondrial functional analysis revealed a signifi-
cant increase in basal respiration and spare respiratory capacity 
after thrombolytic therapy compared to values measured be-
fore treatment. These findings suggest improved mitochond-
rial bioenergetic capacity following reperfusion. In contrast, 
plasma HIF-1α levels were significantly decreased after throm-
bolysis compared to levels measured at admission, indicating a 
reduction in hypoxia-related signaling following restoration of 
blood flow.
Conclusion: Thrombolytic therapy in IS patients is associated 
with improved mitochondrial respiratory function and redu-
ced circulating HIF-1α levels. These findings suggest that res-
toration of cerebral perfusion may contribute to normalization 
of cellular bioenergetics and attenuation of hypoxia-induced 
molecular responses. 
Funding: This research was funded by European Union-Next-
GenerationEU, through the National
Recovery and Resilience Plan of the Republic of Bulgaria, pro-
ject № BG-RRP-2.004-0007-C03, and NO-01/2025 from Medi-
cal University of Plovdiv.
Keywords: ischemic stroke, thrombolysis, mitochondrial res-
piration, Seahorse analysis, HIF-1α, hypoxia
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Background: Hypertrophic scars (HTS) represent a patho-
logical outcome of wound healing characterized by excessive 
collagen deposition and persistent inflammation. Animal mo-
dels are essential for understanding the biological mechanisms 
involved in abnormal scar formation and for evaluating thera-
peutic strategies. This study aimed to investigate the effects of 
antibiotic prophylaxis and corticosteroid treatment on inflam-
matory response and hypertrophic scar formation in a rabbit 
ear experimental model.
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Methods: Three adult New Zealand White rabbits were inc-
luded in the study. Standardized auricular wounds were cre-
ated to induce hypertrophic scarring. Animals were assigned 
to three treatment conditions: combined dexamethasone and 
amoxicillin (ID1), amoxicillin alone (ID2), and dexamethaso-
ne alone (ID3). Each animal also had an untreated contralateral 
control wound. Clinical monitoring, hematological analysis, 
and inflammatory indices, including neutrophil-to-lymphocy-
te ratio (NLR), were evaluated at baseline and during the 21-
day follow-up period. After euthanasia on day 28, tissue samp-
les were collected for histological examination using Masson’s 
Trichrome staining to assess collagen organization, cellularity, 
and scar architecture.
Results: Animals receiving combined dexamethasone and 
amoxicillin showed a controlled inflammatory response with 
normalization of hematological parameters by day 21. The 
amoxicillin-only group demonstrated moderate but persistent 
inflammation. In contrast, the dexamethasone-only group de-
veloped severe systemic inflammatory responses, characterized 
by progressive increases in NLR and neutrophil counts. Histo-
logical analysis confirmed marked differences between groups. 
The dexamethasone-only group exhibited severe hypertrophic 
scarring with excessive collagen deposition, hyper cellularity, 
and intense neovascularization, frequently associated with 
inflammatory or necrotic foci. The amoxicillin-treated group 
showed a more organized dermal structure and reduced scar 
elevation compared with controls.
Conclusion: The results highlight the importance of infection 
control in wound healing and demonstrate that corticosteroid 
treatment without adequate antibiotic prophylaxis may exacer-
bate inflammatory complications and hypertrophic scar forma-
tion. The rabbit ear model proved suitable for investigating the 
interaction between inflammation, infection, and fibrotic scar 
development.
Keywords: hypertrophic scar, wound healing, rabbit ear model, 
inflammation, antibiotic prophylaxis
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African swine fever is a viral disease of pigs and wild boars that 
causes high mortality in the affected animals, resulting in sig-
nificant socio-economic impact in many countries. This study 
aimed to establish the efficiency and efficacy of video monito-
ring by evaluation of the video monitoring activation and the 
frequency of wild boars’ motion during the February-Novem-
ber 2025 period, using a thermal network mini hybrid bullet 

camera installed in a feeding area from Victoria village, Iași 
County (47°38'14.16"N 27°56'35.12"E), Romania. During this 
period, the camera was actively recording the presence of wild 
boars in March, May and June, with 3 nocturnal and 6 diurnal 
motion detections. Based on the data collected during the mo-
nitoring period, there were approximately 8 adult boars and 16 
wild piglets, with the gender unable to be established. No cases 
of hyperthermia were observed among the wild boars; all tho-
se observed were feeding and moving normally. No wild boar 
carcasses were found in the study area. Video monitoring is an 
efficient tool in surveillance programs, providing real-time in-
formation.
Funding: Program of the Ministry of Agriculture and Rural 
Development of Romania, project ADER 10.1.1. 2024-2026.
Keywords: wild boars, motion, hyperthermia

DOI: 10.2478/ebtj-2026-0010DOI: 10.2478/ebtj-2026-0010
Endoparasite infections in domestic cats in Southern Romania: Endoparasite infections in domestic cats in Southern Romania: 
preliminary epidemiological data from a coprological assess-preliminary epidemiological data from a coprological assess-
mentment
Anca Marian Zisopol, Emanuel Mitrea, Ioan Liviu Mitrea, Mariana 
Ionita
Faculty of Veterinary Medicine, University of Agronomic Sciences and Veteri-

nary Medicine of Bucharest, Bucharest, Romania 

Endoparasites in cats are of significant relevance for both ani-
mal and public health, since they can affect the animal health 
and, in addition, some of them have a zoonotic potential. The-
refore, the present study aimed to investigate the occurring and 
epidemiology of endoparasite infections in cats, Romania. For 
this, 244 fecal samples collected from domestic cats of different 
age groups, lifestyle, living conditions, and habitat, from 10 
premises in six counties, Southern Romania, were subjected to 
parasitological investigations by using a qualitative sodium ch-
loride flotation method and microscopy. Overall, 41.8% (95% 
CI: 35.54 - 48.27) of the tested samples were positive for at le-
ast one endoparasite infection, 32.8% (95% CI: 26.93 - 39.07) 
were single and 9.0% (95% CI: 05.73 -13.34) were concurrent 
infections. Significantly higher infection rates were registered 
for young animals (<1 year old), stray, outdoor, and rural cats, 
respectively. Among the identified species, the most prevalent 
was Toxocara cati (37.7%), followed by Ancylostoma tubaefor-
me (5.3%) and Toxascaris leonina (3.3%); a lower frequency 
was registered for Capillaria aerophila, Dipylidium caninum, 
Cystoisospora spp. Age, lifestyle, living conditions and habitat 
were identified as potential risks for various parasites. In conc-
lusion, the findings emphasize a high prevalence and diversity 
of endoparasitic fauna, including zoonotic species, in the inves-
tigated cats and highlight the need for increasing awareness on 
the associated risks.
Keywords: domestic cats, endoparasites, epidemiology, Sout-
hern Romania
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The stability of the oral microbiome is a complex pro-
cess that is influenced by several factors, such as mode of 
birth, diet, and intake of antimicrobial agents or probiotics.
The human oral microbiome plays an exceptional role in 
human health throughout life. It is also closely linked to the 
health of the human gastrointestinal tract and maintaining 
it in a favorable state. Throughout a person's life, their oral 
microbiome undergoes a series of changes influenced by 
lifestyle, diet, hygiene, and the intake of various medications 
and probiotic preparations. To study these relationships and 
influences, we used oral samples from a group of children 
aged 3 to 6 years in different regions of Bulgaria. Potential 
strains were selected using morphological and biochemical 
identification methods. The selected strains were grown 
on BHI broth and Mitis Salivarius agar media. Molecu-
lar identification was performed by 16S rRNA sequencing. 
Eighty strains were isolated, twelve of which were identified 
as Streptococcus salivarius. Phenotypic and metabolic pro-
filing was performed using 10 different prebiotic oligosac-
charides and 10 different fibers to assess metabolic diversity 
among the new strains S. salivarius. The results revealed no-
table strain-specific differences in metabolic activity, partic-
ularly in the utilization of carbohydrate sources relevant to 
oral biofilm ecology. Furthermore, three of them were able 
to synthesize glucan and six strains showed antimicrobi-
al activity against E. coli, Staphylococcus aureus and Micro-
coccus luteus. Selected Streptococcus strains expressed 
the ability for mucin adhesion. These promising results 
demonstrate the ability of these novel strains to be candi-
dates for future oral probiotics.
Acknowledgements: This study was supported by the 
European Union- Next Generation EU, through the Na-
tional Recovery and Resilience Plan of the Republic of 
Bulgaria, project
№ BG-RRP-2.004-0001-C01, DUECOS.
Keywords: Streptococcus salivarius, oral microbiota, prebiotic 
oligosaccharides, fibers, antagonistic activity, probiotics
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Background: Low-grade squamous intraepithelial lesion 
(LSIL) detected on cervical cytology is most commonly asso-
ciated with human papillomavirus (HPV) infection and is ty-
pically considered a low-risk abnormality. HPV-negative LSIL 
findings are less common and may raise diagnostic uncertainty. 
The association of HPV-negative LSIL with atypical endomet-
rial hyperplasia (AEH) exhibiting high-risk molecular features 
is unusual and can create diagnostic complexity.
Case report and results: We report a 36-year-old woman pre-
senting with abnormal uterine bleeding. Histopathological 
examination of endometrial curettage revealed atypical en-
dometrial hyperplasia. Immunohistochemistry demonstrated 
loss of Phosphatase and Tensin Homolog (PTEN) and Paired 
Box 2 (PAX2) expression and strong diffuse positivity for Аn-
ti-Mullerian hormone receptor type 2 (AMHRII), findings that 
may indicate an increased risk of malignant transformation. 
Cervical cytology revealed a low-grade squamous intraepithe-
lial lesion (LSIL), while HPV PCR testing was negative for all 
high-risk genotypes. The presented results are part of an ongo-
ing research project approved by the institutional ethics com-
mittee (approval Р-КНЕ-4/28.10.2024).
Materials and Methods: A diagnostic evaluation was perfor-
med including liquid-based cervical cytology and high-risk 
human papillomavirus (HR-HPV) detection using a polyme-
rase chain reaction (PCR)–based assay. Endometrial sampling 
was obtained by uterine curettage and evaluated histopatho-
logically using hematoxylin and eosin staining. Immunohisto-
chemical analysis for PTEN, PAX2, and AMHRII was perfor-
med on formalin-fixed, paraffin-embedded tissue sections to 
assess molecular alterations in atypical endometrial glands. 
Conclusion: This case highlights a rare and diagnostically 
complex gynecologic scenario involving HPV-negative LSIL 
cytology associated with atypical endometrial hyperplasia ex-
hibiting PTEN/PAX2 loss and high AMHRII expression. In-
tegrated morphologic and molecular evaluation is essential for 
accurate diagnosis and appropriate risk stratification.
Keywords: atypical endometrial hyperplasia, LSIL, HPV, 
PTEN, PAX2, AMHRII

DOI: 10.2478/ebtj-2026-0010DOI: 10.2478/ebtj-2026-0010
Impact of AI-Assisted Radiographic Interpretation on Ortho-Impact of AI-Assisted Radiographic Interpretation on Ortho-
pedic Surgeons’ Workflow and Decision Confidence in Acute pedic Surgeons’ Workflow and Decision Confidence in Acute 
Polytrauma Care: A Cross-Sectional StudyPolytrauma Care: A Cross-Sectional Study



134  |  VOLUME 10 ISSUE 3  | JULY 2026  

Keti Tokmakova¹, Valentin Petrov¹, Petar Molchovski¹, Ralitsa Rayc-
heva², Penka Stefanova-Peeva³, Dimitar Dachev³
1Department of Orthopaedics and Traumatology, Medical University of Plov-

div, Plovdiv, Bulgaria
2Department of Social Medicine and Public Health, Faculty of Public Health, 

Medical University of Plovdiv, Plovdiv, Bulgaria
3Department of Propedeutics of Surgical Diseases, Department of Pediatric 

Surgery, Medical University of Plovdiv, Plovdiv, Bulgaria

 
Background: Acute polytrauma care requires rapid radiograp-
hic interpretation under conditions of substantial time pressu-
re and cognitive workload. Artificial intelligence (AI)–assisted 
imaging systems have demonstrated promising diagnostic per-
formance in musculoskeletal trauma imaging. Their impact on 
orthopedic surgeons’ workflow experience and occupational 
perceptions remains insufficiently characterized. This study 
aimed to evaluate the relationship between workload percepti-
ons, occupational strain, and the perceived impact of an AI-as-
sisted radiographic interpretation system among orthopedic 
surgeons.
Methods: A single-center cross-sectional study was conducted 
following real-world clinical implementation of an AI-assisted 
radiographic interpretation system in a tertiary trauma center. 
Ethical approval was obtained. Orthopedic surgeons comple-
ted a structured questionnaire assessing workload percepti-
ons, occupational strain, diagnostic confidence, and perceived 
impact of AI support during clinical practice. Responses were 
recorded and associations between workload-related variables 
and evaluation of the AI system were explored.
Results: A total of 26 orthopedic surgeons participated in the 
study. Most participants reported increased diagnostic confi-
dence and reduced concern regarding missed findings when 
using AI support. Perceived availability of sufficient time for 
radiograph review was positively associated with reduced con-
cern about missed findings. Fear of missed findings during 
busy shifts was negatively correlated with perceived improve-
ment in job satisfaction associated with AI use. Overall pro-
fessional satisfaction was positively associated with AI system 
satisfaction.
Conclusions: AI-assisted radiographic interpretation appears 
to enhance orthopedic surgeons’ diagnostic confidence and re-
duce concern regarding missed findings. The perceived bene-
fits of AI are influenced by organizational context and workflow 
integration. Given the relatively small sample size, these corre-
lations should be interpreted as exploratory findings requiring 
confirmation in larger prospective studies.
This study is financed by the European Union – NextGenera-
tionEU, through the National Recovery and Resilience Plan of 
the Republic of Bulgaria, project № BG-RRP-2.004-0007-C03.
Keywords: artificial intelligence, trauma radiography, polyt-
rauma, orthopedic surgery, surgeon well-being, clinical imp-
lementation
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Understanding the impact of ejaculation frequency on canine 
semen quality is essential for optimizing collection protocols 
used in breeding and assisted reproductive technologies. This 
study evaluated semen characteristics from five clinically he-
althy adult dogs collected at two intervals: every 24 hours and 
every 96 hours. The analysis focused on sperm concentration, 
progressive motility, abnormal motility, normal morphology, 
and abnormal morphology. Semen collected at 24-hour in-
tervals exhibited markedly reduced sperm concentration and 
lower progressive motility, consistent with previously docu-
mented declines in total sperm output and motility under in-
tensive collection regimens. Furthermore, dogs sampled every 
24 hours showed a significant increase in abnormal motility 
and a corresponding reduction in morphologically normal 
sperm, aligning with evidence that higher ejaculation frequen-
cy elevates morphological defects and reduces overall sperm 
quality. In contrast, semen obtained following 96-hour inter-
vals maintained higher concentration, stronger progressive 
motility, and a greater proportion of morphologically normal 
sperm, reflecting the stabilizing effect of longer recovery pe-
riods on sperm parameters. These findings underscore that 
shortened collection intervals adversely affect key fertility in-
dicators, while extended intervals support improved seminal 
quality. This study provides practical guidance for breeders and 
reproductive specialists seeking evidence-based semen colle-
ction schedules that preserve sperm integrity and maximize 
reproductive outcomes.
Keywords: Ejaculation frequency, Canine semen quality, Se-
men collection interval
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Epileptic seizures are among the most common neurological 
conditions in veterinary practice. Although phenobarbital re-
mains the traditional first-line treatment, Levetiracetam has 
gained increasing attention due to its distinct SV2A-mediated 
mechanism of action and favorable pharmacological profile.
The aim of this study was to evaluate the efficacy of levetira-
cetam used as a first-line therapy in the control of seizures in 
dogs. The study included 25 canine patients presenting with 
seizure episodes over an eight-month period at the Veterinary 
Emergency Hospital “Prof. Dr. Alin Bîrtoiu”, Bucharest. All 
patients underwent clinical and neurological examinations, 
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evaluation based on owner-recorded videos, hematological 
and biochemical testing, SNAP 4DX testing, and bile acid me-
asurements (pre- and post-prandial). In selected cases, brain 
magnetic resonance imaging was performed. Patients were 
classified according to seizure etiology, including idiopathic 
epilepsy, post-traumatic seizures, intoxication-related seizures, 
structural brain abnormalities, portosystemic shunts, and infe-
ctious causes.
Levetiracetam administered as monotherapy achieved comp-
lete seizure control in 20 of the 25 patients (80%). In 5 cases 
(20%), complete seizure control was achieved only after the 
addition of phenobarbital as adjunct therapy. Among patients 
diagnosed with idiopathic epilepsy and normal diagnostic fin-
dings (n=11), 8 patients (72.7%) achieved complete seizure 
control with levetiracetam monotherapy. In dogs with struc-
tural brain lesions (n=3), two patients responded favorably 
to monotherapy, while one required phenobarbital. Overall, 
complete seizure control was achieved in all patients included 
in the study.
The results of this study suggest that levetiracetam may rep-
resent an effective first-line therapeutic option in the mana-
gement of seizure disorders in dogs. Its favorable pharmaco-
logical profile and ability to control seizures as monotherapy 
in the majority of cases support its consideration as a poten-
tial alternative to traditional antiepileptic drugs in veterinary 
neurology.
Keywords: levetiracetam, canine epilepsy, seizures, antiepilep-
tic drugs, veterinary neurology
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Background: Autism spectrum disorder (ASD) is a heteroge-
neous neurodevelopmental condition with complex and still 
incompletely understood etiology and pathogenesis. Increa-
sing evidence suggests that disturbances in lipid metabolism, 
inflammatory signaling and mitochondrial dysfunction may 
contribute to the molecular background of ASD. However, the 
relationship between these molecular alterations and the clini-
cal characteristic of the disorder remains insufficiently explo-

red. The aim of the present study was to investigate potential 
associations between biomolecules related to lipid metabolism 
and inflammation and the clinical severity of ASD.
Methods: The study included a cohort of children with idio-
pathic ASD and age-matched healthy controls (HC). Diagnosis 
and clinical severity were assessed using the Autism Diagnostic 
Observation Schedule (ADOS). Molecules involved in sphin-
golipid metabolism and inflammatory pathways as  sphingom-
yelin phosphodiesterases (SMPD1 and SMPD5), ceramide 
synthases (CerS1 and CerS6), cyclooxygenase-2 (COX-2), and 
chitinase-3-like protein 1 (YKL-40) were analyzed.
Results: Altered molecular profiles in ASD patients compared 
with HC were observed. Increased levels of biomarkers associ-
ated with lipid metabolism and inflammatory responses were 
detected. Furthermore, significant correlations were noted 
between CerS1, CerS6, and COX-2 levels and ADOS scores. 
Multiple regression analysis revealed that 48.0% of the variance 
in the total ADOS score could be explained by the combined 
effects of COX-2, CerS1, CerS6, and age.
Conclusion: These findings provide new insights into molecu-
lar alterations associated with ASD and suggest that biomar-
kers related to lipid metabolism and inflammatory pathways 
may contribute to the clinical heterogeneity and severity of the 
disorder.
Funding: This research was funded by European Union-Next-
GenerationEU, through the National
Recovery and Resilience Plan of the Republic of Bulgaria, pro-
ject № BG-RRP-2.004-0007-C03, and NO-01/2025 from Medi-
cal University of Plovdiv.
The results had been published in Biomolecules 2026, 16(2), 
303; https://doi.org/10.3390/biom16020303
Keywords: autism spectrum disorder; ceramide synthases; 
sphingomyelin phosphodiesterases; lipid metabolism; inflam-
mation; COX-2; YKL-40.
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African swine fever disease is a transmissible infection, resul-
ting in important economic impact. The aim of study was to 
evaluate the circulation of wild boars and to detect the hypert-
hermic individuals in an endemic area of African swine fever 
disease. A DHI-TPC-DF1241-T Thermal Network Mini Hyb-
rid Bullet camera was installed in a feeding area from Victo-
ria village, Iași County (47°38'14.16"N 27°56'35.12"E). During 
February - November 2025 period, the camera detected acti-
vely the circulation of both adult and young individuals, more 
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frequently during the night time. Moreover, during the afore-
mentioned period, none of the animals detected in the visual 
registration area of the camera was hyperthermic. This data 
reinforces the need of continuous monitoring of area where 
continuous movement of wild boars exists, with early identifi-
cation of infected animals.
Funding: Program of the Ministry of Agriculture and Rural 
Development of Romania, project ADER 10.1.1. 2024-2026.
Keywords: boars, monitorization, camera
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Within the ERC-funded Energion project, we aim to develop 
a biologically engineered energy storage platform in which ion 
gradients generated by membrane co-transport proteins act as 
a sustainable voltage source and biological supercapacitor. In 
this study, we focus on the fundamental role of lipid composi-
tion in optimizing the incorporation and functionality of the 
sodium/proton antiporter protein NhaA within lipid bilayers. 
Understanding the contribution of individual lipid species is 
essential, as the stability and performance of membrane-prote-
in–based energy systems critically depend on the physicoche-
mical properties of the supporting lipid matrix. Here, we report 
the real-time monitoring of bilayer formation and subsequent 
protein reconstitution using a uniquely integrated instrument 
that combines quartz crystal microbalance with dissipation 
monitoring (QCM-D), imaging ellipsometry (IE), and optical 
microscopy. By tuning lipid composition to modulate bilayer 
rigidity, hydration, and electrostatic environment, we identify 
conditions that promote stable protein integration while pre-
serving membrane integrity. These findings establish transfe-
rable design principles for more complex lipid architectures 
and constitute a fundamental step toward the realization of 
sustainable, membrane-based biobattery platforms.
Keywords: Energy storage, biobattery, NhaA, Cardiolipin, 
transport protein
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Background: Uncontrolled basal expression of recombinant 
enzymes in Escherichia coli reduces metabolic stability and 
biotransformation efficiency. Variability in complex media 
composition critically affects expression control and process 
performance. This study evaluated different commercial 
organic nitrogen sources and developed an optimised medium 
enabling tightly regulated enzyme expression for efficient 
ε-caprolactone production.
Methods: Recombinant E. coli BL21(DE3) cells expressing a 
three-enzyme cascade were cultivated in complex and semi-
defined media. Seventeen organic nitrogen sources were 
screened for their impact on basal expression and catalytic 
performance. Cell growth and metabolite production were 
monitored spectrophotometrically and analysed by liquid 
chromatography, and enzyme expression was assessed by 
gel electrophoresis. Whole-cell biotransformations were 
performed in shake flasks and scaled up to 0.5 L bioreactors. 
Substrate conversion and ε-caprolactone formation were 
quantified by gas chromatography.
Results: Significant basal expression was detected with eight 
of the tested commercial nitrogen sources. The semi-defined 
medium enabled tight regulation of recombinant expression 
and eliminated detectable leaky expression. In shake flasks, 
complete conversion of 4 mM substrate yielded 0.879 mol mol-
¹ with a specific productivity of 0.71 mmol h-¹ g-¹. Scale-up 
maintained full conversion at 4 mM (0.83 mol mol-¹; 0.81 mmol 
h-¹ g-¹). At 8 mM, conversion remained complete (0.76 mol 
mol-¹; 0.74 mmol h-¹ g-¹), increasing total product formation, 
whereas 12 mM reduced performance. Compared with Terrific 
Broth, the novel semi-defined medium improved both stability 
and cascade efficiency.
Conclusion: Medium composition critically influences 
recombinant expression control and biocatalytic performance. 
The developed semi-defined medium provides a robust and 
scalable platform for controlled enzyme production and 
efficient ε-caprolactone biotransformation.
This work was supported by the Slovak Research and Development 
Agency under the Contract no. APVV-24-0185 and by the 
Slovak Grant Agency for Science VEGA 2/0004/26 and VEGA 
2/0164/24.
Keywords: bioreactor cultivation, cascade reaction, medium 
optimisation, process scale-up, recombinant expression
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Background: Trauma is a leading cause of morbidity and mor-
tality in children. Early assessment of injury severity is critical 
for triage, prognosis, and clinical management. Trauma scores 
such as the Revised Trauma Score (RTS), Pediatric Trauma 
Score (PTS), and Shock Index (SI) provide objective measures 
of physiological status and risk of complications.
Materials and Methods: A retrospective analysis included 100 
pediatric patients registered in the Pediatric Trauma Support 
System (PTSS). Patients were stratified by age: ≤2 years (n=15), 
2-6 years (n=39), 6-12 years (n=34), and 12-18 years (n=12). 
RTS, PTS, and SI were calculated for each patient. Six children 
sustained severe abdominal trauma requiring surgical or con-
servative management.
Results: In severe cases, PTS ranged 5-6/12, RTS 6-7.11, and SI 
averaged 1.38. In children ≤2 years, PTS dropped to 9/12 even 
with minor head contusions, RTS 7.84, and SI 1.27, demonstra-
ting high sensitivity to mild injuries. For ages 2-6 and 6-12, PTS 
was 10-11/12, RTS 7.84, and SI 0.8-1.11. Adolescents (12-18 
years) showed similar values. Combined use of RTS, PTS, and 
SI improved early identification of severe injuries and allowed 
age-adapted interpretation.
Discussion: Automated calculation via PTSS streamlines clini-
cal assessment, reduces calculation errors, and supports rapid 
decision-making in emergency pediatric trauma care. Age-spe-
cific physiological adjustments are crucial for accurate interp-
retation of trauma scores.
Conclusion: RTS, PTS, and SI are reliable indicators for early 
evaluation of pediatric trauma severity.
Integration  into  automated  systems  like  PTSS  enhances  tri-
age  efficiency,  prognosis accuracy, and clinical decision-ma-
king.
Abbreviations: RTS - Revised Trauma Score; PTS - Pediatric 
Trauma Score; SI - Shock Index; PTSS - Pediatric Trauma Sup-
port System
Keywords: pediatric trauma, trauma scores, RTS, PTS, Shock 
Index, PTSS, prognosis, triage
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Background: Lactic acid bacteria (LAB), despite their 
aerotolerant nature, are susceptible to reactive oxygen spe-
cies (ROS)-induced oxidative stress (OS). To mitigate the 
damaging effects of OS, LAB have evolved various de-
fense mechanisms. The antioxidant potential of LAB pro-

biotics and their cell-free supernatants (CFS) have garnered 
significant attention in both research and application. This 
study aimed to evaluate the antioxidant activity of select-
ed Bulgarian LAB strains.
Methods: Over 50 candidate-probiotic LAB strains and the 
resulting postbiotics (cells and CFS) were assessed for an-
tioxidant activity using the DPPH and ABTS assays.
Results: A group of 10 LAB exhibited strong ABTS 
radical scavenging activity, comparable to the controls. 
Washed cells from six strains showed an inhibitory effect 
ranging from 50%
to 70%, approaching the level of vitamin C. They also 
demonstrated DPPH scavenging potential, although to a 
lesser extent than observed with the ABTS assay. Many of 
tested 45 postbiotic samples displayed significant antioxi-
dant activity, with values exceeding those of the probiot-
ics. Specifically, 24 samples exhibited substantial ABTS 
scavenging activity, ranging from 60% to 80%. DPPH free 
radical inhibition was less pronounced.
Conclusions: The results demonstrate that viable LAB 
cells and their CFS derived from Bulgarian dairy products 
possess significant antioxidant activity. This activity was 
strain-and test-dependent and influenced by the culture 
medium. These findings support the potential health bene-
fits of Bulgarian-originated LAB.
Acknowledgments: This study was funded by project 
No. PVU-63 of 16.12.2024 BG-RRP-2.017-0047-С01.
Keywords: Lactic acid bacteria, probiotic, postbiotic, antioxi-
dant activity
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Background: Lactic acid bacteria (LAB) from traditional fer-
mented products are well known as beneficial microorganisms. 
This study aims to evaluate the probiotic potential of Bulgarian 
lactobacilli as additives for functional products.
Results: A total of 31 LAB strains were isolated from traditio-
nally prepared katak, yogurt, cheese and sauerkraut. They were 
identified at the species level from different genera within the 
Lactobacillales. Classical microbiological and molecular gene-
tic methods were used to assess biological activity and probio-
tic potential in accordance with in vitro EFSA criteria. Several 
strains were selected based on ability to inhibit the growth and 
biofilm formation of food-associated and clinically significant 
pathogens, as well as spoilage fungi. The biochemical and ge-
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netic basis of their antagonistic potential is being investigated 
in terms of their future application as biopreservatives. The 
spectrum of antibiotic susceptibility was assessed in order to 
prevent transfer of resistance genes. Along with their ability to 
survive simulated gastrointestinal tract (GIT) conditions, these 
properties define them as promising candidate probiotics.
Conclusion: Compliance with EFSA safety criteria, combined 
with their probiotic characteristics, makes them suitable for in-
corporation into functional foods. The obtained data provide a 
scientific basis for the selection of appropriate lactobacilli with 
high added value for functional food development with enhan-
ced health benefits.
Acknowledgment: The authors express gratitude to NextGe-
nerationEU, Recovery and Resilience Plan for funding Project 
PVU-63/BG-RRP-2.017-0047-C01 under Investment C2.I2.
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Keywords: lactic acid bacteria, probiotics, functional foods, 
antimicrobial activity, biopreservation

DOI: 10.2478/ebtj-2026-0010DOI: 10.2478/ebtj-2026-0010
Prognostic assessment of congenital and acquired cervical spi-Prognostic assessment of congenital and acquired cervical spi-
nal lesions in dogsnal lesions in dogs
Fernoagă Cristina, Turbatu Raluca Mihaela, Neagu, Alexandru Gab-
riel, Gheorghe Andreea, Tudor Niculae
University of Agronomic Sciences and Veterinary Medicine Bucharest

 
Spinal cord injuries at the cervical level are a major cause of 
neurological dysfunction in dogs and can arise from either 
congenital abnormalities or acquired pathological conditions. 
From a clinical point of view, lesions may lead to cervical pain, 
ataxia, tetraparesis, or tetraplegia.
The aim of this study was to characterize the clinical profiles of 
dogs affected by cervical C1–C5 lesions and to evaluate the reli-
ability of prognostic indicators by comparing predicted outco-
mes with the actual clinical evolution of the patients. The study 
was conducted in three consecutive phases. The first phase inc-
luded a retrospective analysis of 57 canine patients consulted 
at the "Prof. Dr. Alin Bîrțoiu" University Veterinary Emergen-
cy Hospital in Bucharest. The factors analyzed included age, 
race, gender, body type, lesion type, and etiology (congenital 
or acquired).
In the second phase, prognostic evaluation was performed 
using neurological grading based on standardized scales (from 
0 to 5), patient history, duration and severity of clinical signs, 
magnetic resonance imaging findings, and additional diagnos-
tic indicators.
Finally, the predicted prognosis was compared with the actu-
al clinical evolution of patients over a three-month follow-up 
period. The results showed that acquired cervical lesions rep-
resented most cases (79%), while congenital lesions were more 
frequently observed in younger animals. Acquired conditions 
were identified in all medium-sized dogs, whereas congenital 
lesions were predominantly observed in small and very large 
purebred breeds. The French Bulldog was the most frequent-

ly affected breed, and intervertebral disc disease accounted 
for approximately 65% of cervical C1–C5 lesions. In addition, 
prognostic predictions were found to be more consistent with 
the clinical outcome in congenital conditions than in acquired 
lesions.
These findings emphasize that prognosis is influenced by both 
the etiology of cervical spinal lesions and the moment of pre-
sentation, particularly in dogs requiring surgical intervention, 
underlining the importance of early diagnosis.
Keywords: Canine cervical spine; cervical lesions C1–C5; 
prognosis; neurological grading; congenital disorders
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Background: Laparoscopic cholecystectomy (LC) has become 
the gold standard for the treatment of benign gallbladder dise-
ases. Indocyanine green (ICG) fluorescence is a safe and non-
toxic method for visualization of the extrahepatic biliary tree. 
In this study, we investigated whether the routine use of ICG 
by younger surgeons (with less than 5 years of experience) can 
shorten operative time and reduce the conversion rate.
Methods and Materials: Eighty-seven patients underwent la-
paroscopic cholecystectomy between August 2024 and March 
2026. They were divided into two groups: 39 in the ICG group 
and 48 in the control group. Both groups were compared with 
regard to duration of surgery and conversion rate.
Results: The mean operative time in the ICG group (n = 39) 
was 61.1 ± 22.6 minutes, compared with
87.6 ± 27.9 minutes in the control group (n = 48). There was a 
statistically significant reduction in operative time in the ICG 
group (p < 0.001). Seven patients (14.6%) were converted to 
open cholecystectomy in the control group, while none were 
converted in the ICG group. There was a statistically significant 
difference between the two groups (p = 0.02).
Conclusion: In recent years, ICG imaging has proven to be a 
useful method for visualization of critical anatomical structu-
res during LC, especially when used by younger surgeons. It le-
ads to a significant reduction in operative time and conversion 
to open surgery. The results of our study are encouraging, but 
they need to be confirmed in larger groups of patients.
Keywords: Laparoscopic Cholecystectomy, Indocyanine green
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Marine pollution represents a growing environmental con-
cern in coastal areas influenced by urban, industrial, and 
tourism-related activities in Albania. Cytotoxicity assess-
ment using whole-cell bioluminescent bacterial biosensors 
offers a sensitive approach. Seawater and sediment samples 
were collected in September 2025 from Durres Bay at 
eight pre-determined hot-spots, and biotoxicity were as-
sessed using three different methods: Vibrio fischery (ac-
cording to ISO11348-3:2007); E. coli strain DPD2794, and 
DPD2544 (portable BioFix-Lumi10 method); E. coli strain 
DPD2794, and DPD2544 (luminescence Multimode Plate 
Reader). Both E. coli strains contain a plasmid-based fusion 
of the promoters with the Photorhabdus luminescens LuxC-
DABE reporter operon consisting of five structural genes 
that encode the heterodimeric luciferase enzyme and the 
biosynthesis enzymes responsible for producing the lucif-
erase substrate, tetradecanal, in an ATP- and NADPH- de-
pendent manner. The induction factor was calculated as a 
ratio of the maximum RLU of the test to the average of 
the negative control. In parallel, key physicochemical pa-
rameters of waters (pH, temperature, salinity, conductivity, 
turbidity, nitrates, nitrites, ammonium, phosphates, heavy 
metals and dissolved oxygen) and phytoplankton chla were 
measured to explore potential correlation to biotoxicity. Re-
sults showed higher values of toxicity based on V. fischery, 
while E. coli strains luminescence did not depend on the 
reading method. Clear differences were evidenced among 
water and sediment toxicity, indicating heterogeneous dis-
tribution and/or accumulation of contaminants. Variations 
in the sensitivity of E. coli strains suggested the presence of 
diverse contaminant types and concentrations. As the bio-
luminescence of V. fischery is impacted by salinity/con-
ductivity of marine waters, the use of E. coli strains was 
important. The absence of strong correlations of cytotoxicity 
with physicochemical and biological parameters emphasiz-
es the fact that the last is influenced by multiple interacting 
factors, as well as the importance of conducting this as-
sessment alongside with other WFD requirements for water 
quality evaluation.
Acknowledgement: This work was supported by the Academy 
of Sciences of Albania, Project BioSensToxicWater of the Cent-
re for Biotechnology & Genetics, 2025-2027.
Keywords: cytotoxicity, bioluminescent bio-reporting bacteria, 
physicochemical parameters
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Background: South American camelids have a three-compart-
ment forestomach, with the first compartment being the main 
site of fermentation and feed storage. Impaction of this com-
partment is uncommon in alpacas but may occur after inap-
propriate feeding, dehydration, or impaired gastrointestinal 
motility. Severe impaction can compromise digestive function 
and may require surgical treatment when medical management 
is unsuccessful.
Methods: A 4-year-old female alpaca weighing 61.3 kg was 
presented with markedly reduced appetite, low water intake, 
apathy, weight loss, intermittent constipation, and occasional 
mucus-covered feces. The animal frequently adopted sternal 
recumbency. Clinical examination revealed mild hypothermia, 
absence of forestomach sounds, slight enlargement of the left 
flank, firm consistency on palpation, and dullness on percussi-
on. The owner reported recent corn grain feeding before onset 
of clinical signs. Blood analysis and preanesthetic preparation 
were performed before induction of general anesthesia and 
endotracheal intubation. A left flank laparotomy through the 
paralumbar fossa provided access to the first forestomach com-
partment. Gastrotomy was performed, and impacted corn ma-
terial obstructing the saccules was manually removed, followed 
by lavage and routine closure.
Results: The impacted material was successfully evacuated and 
the saccular structures were cleared. No intraoperative comp-
lications were observed. Postoperative treatment included an-
timicrobial and anti-inflammatory therapy, fluid support, and 
gradual reintroduction of soft feed. Clinical condition progres-
sively improved, with recovery of appetite and normalization 
of fecal output.
Conclusion: Left flank gastrotomy was an effective treatment 
for severe first compartment forestomach impaction in this al-
paca and allowed successful restoration of digestive function.
Keywords: alpaca; forestomach impaction; corn ingestion; 
gastrotomy; camelid surgery
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African swine fever (ASF) is a severe viral disease that has cau-
sed substantial reductions in both domestic pig and wild boar 
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populations worldwide, significantly impacting the pig pro-
duction sector and rural communities, particularly in regions 
where pork constitutes a key dietary protein source.
Following the first confirmed case of ASF in Romania on July 
31, 2017, official statistics from the National Institute of Statis-
tics and Eurostat show a decline in the domestic pig popula-
tion from approximately 4.4 million heads in 2016 to around 
2.9 million heads in 2025. In contrast, wild boar populations, 
estimated at approximately 96,000 individuals in 2016, decre-
ased to around 63,000 in 2025, remaining highly variable due 
to the lack of precise national census data and the effects of 
hunting pressure and disease dynamics, based on data from the 
Ministry of Environment, Waters and Forests. 
Overall, these trends highlight the long-term impact of African 
swine fever on both domestic livestock production and wild 
boar populations in Romania, emphasizing the challenges of 
disease control at the wildlife–livestock interface. Furthermo-
re, they underline the economic vulnerability of small-scale pig 
farming systems and the increasing dependence on biosecurity 
measures and coordinated surveillance strategies to prevent 
further spread of the disease.
Funding: Program of the Ministry of Agriculture and Rural 
Development of Romania, project ADER 10.1.1. 2024-2026.
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The rapid maturation of digital pathology and artificial intelli-
gence (AI) is reshaping how microscopic pathology is practi-
ced, validated, and taught. Whole-slide imaging (WSI) enables 
the conversion of glass slides into high-resolution digital files 
that can be stored, shared, annotated, and examined at mul-
tiple magnifications, while AI-based image analysis can provi-
de quantitative outputs (e.g., cell counting, hotspot detection, 
immunohistochemistry scoring), supporting standardization 
and reproducibility. Contemporary evidence shows that virtual 
microscopy can be equivalent or advantageous to conventio-
nal light microscopy for learners, with meta-analytic data in-
dicating favorable educational outcomes and broad acceptance 
among students and trainees.
At the institutional level, a sustainable transition to digital pat-

hology education requires coordinated investment in scanners, 
storage, network infrastructure, visualization software, content 
management, and secure access—often supported by cloud-e-
nabled delivery models that facilitate distance learning and in-
terdisciplinary teaching.
This study outlines a practical framework for implementing a 
digital pathology education platform  that  integrates  WSI  and  
AI-enabled  image  analysis  into  undergraduate  and postg-
raduate pathology training, with a specific focus on the needs 
and strategic direction of a Bulgarian academic and clinical en-
vironment.
This research is funded by the European Union-Next Genera-
tion EU, through the National Recovery and Resilience Plan of 
the Republic of Bulgaria, project No. BG-RRP-2.004-0007-C01 
of 31.12.2022. Project No. 3.4.13 /01.04.2024
Keywords: education; pathology; whole-slide images; virtual 
microscopy; artificial intelligence; image analysis; residency 
training
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Introduction: Prostatic disorders are a common cause of lower 
urinary tract obstruction in intact male dogs and may result in 
partial or complete urinary retention. Ultrasonography is most 
frequently used for evaluating prostatic morphology and iden-
tifying pathological changes within the gland. In addition, re-
al-time ultrasonographic guidance enables minimally invasive 
procedures such as diagnostic puncture or therapeutic draina-
ge of prostatic collections.
Materials and Methods: The aim of study was identification 
of prostatic changes associated with urinary retention in dogs 
and to evaluate the usefulness of ultrasound-guided puncture 
for diagnostic and therapeutic purposes. The study included 32 
male dogs presented with dysuria, stranguria, or acute urinary 
retention. All animals underwent abdominal ultrasonographic 
examination using 7.5–10 MHz microconvex or linear probes, 
with evaluation of prostate size, contour, capsular margins, 
echogenicity, and the presence of focal lesions or fluid collecti-
ons. When masses or collections were detected, ultrasound-gu-
ided puncture was performed under aseptic conditions using a 
fine needle to obtain samples for cytological and bacteriological 
analysis or a syringe needle to perform therapeutic drainage.
Results: Benign prostatic hyperplasia was the most frequent 
finding, observed in 50% (n=16) of cases and characterized 
by symmetrical enlargement and heterogeneous echotexture. 
Prostatic cysts were identified in 28.1% (n=9) of dogs, ranging 
from small intraparenchymal microcysts to large supracenti-
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metric cavitary structures with anechoic content. Prostatic abs-
cesses were detected in 15.6% (n=5) of cases, appearing as fluid 
collections with internal echoes and irregular walls. Suspected 
prostatic neoplasia was observed in 6.3% (n=2) of dogs asso-
ciated with irregular margins and heterogeneous parenchyma. 
Ultrasound-guided puncture allowed accurate sampling or 
drainage without major complications.
Conclusion: Ultrasonography combined with ultrasound-gui-
ded puncture represents a valuable diagnostic and therapeutic 
approach for the management of prostatic diseases causing uri-
nary retention in dogs.
Keywords: urinary retention, prostatic cysts, ultrasound-gui-
ded puncture, benign prostatic hyperplasia, ultrasonography
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Abstract
Coffin-Siris syndrome type 6 (CSS6) is a rare developmental 
disorder defined by heterozygous pathogenic mutations 
in the ARID2 gene. Patients with CSS6 have intellectual 
disability of variable degree, coarse facial and body features, 
thin hair, skeletal growth delay, and congenital anomalies. 
Due to similar characteristics with other syndromes, there 
have been misdiagnoses of CSS. Thus, a detailed genetic 
evaluation is imperative. Here, we present a 19-year-old female 
Turkish patient with a history of abnormal eye movements, 
arachnodactyly, delayed speech and language development, 
gonadal dysgenesis, hypoplastic uterus, growth delay and 
paediatric tall stature, nystagmus and mental deterioration. 
The initial assessment primarily indicated Swyer syndrome, 
which was substantiated by a 46, XY karyotype. FISH analysis 
indicated the existence of SRY gene on Y chromosome. Thus, 
whole-exome sequencing (WES) planned to check sexual 
development genes. WES identified a heterozygous nonsense 
variant in ARID2 (NM_152641.3:c.202C>T, p.Gln68) classified 
as likely pathogenic according to ACMG guidelines. This 
finding confirmed the diagnosis of autosomal dominant Coffin–
Siris syndrome type 6. This case expands the clinical spectrum 
of CSS6 by illustrating a presentation that initially mimicked 
Swyer syndrome. The report emphasises the diagnostic value 
of whole exome sequencing in atypical clinical scenarios and 
highlights the need for genetic counselling and parental testing.
Keywords: Coffin–Siris syndrome type 6, ARID2, gonadal 
dysgenesis, whole exome sequencing, Swyer syndrome mimic

Introduction
Coffin-Siris syndrome (CSS) is a rare congenital condition 
characterised by variable developmental delay, coarse facial 
features, hypotonia, it also includes differences in growth, and 
defects of the fifth digits and nails of hands & feet (Tsurusaki et 
al., 2012). To date, multiple genetic subtypes of CSS have been 
identified, most are caused by pathogenic variants of genes that 
encode components of the SWI/SNF chromatin remodelling 
complex. Coffin-Siris syndrome type 6 (CSS6, OMIM #617808) 
is a CSS caused by heterozygous variants in ARID2, which 
encodes a subunit of the polybromo-associated BAF (PBAF) 
complex (Chérot et al., 2018). 
The phenotypic heterogeneity of the clinical presentation of 
CSS6 includes intellectual disability, sparse hair on the scalp, 
coarse facial features, and congenital malformations. Because 
of the rarity of the condition and its phenotypic overlap with 
other developmental disorders, it is typically hard to diagnose 
during the diagnostic workup (Clark et al., 2018; Pandey et al., 
2025). In particular, patients with gonadal dysgenesis, excessive 
height, and growth disturbances are at risk of misclassification 
due to other diagnoses such as Swyer syndrome.
Herein, we present a 19-year-old female patient with several 
congenital anomalies and gonadal dysgenesis, which was 
suspected to be Swyer syndrome. Whole exome sequencing 
revealed a novel nonsense mutation in ARID2 to make the 
diagnosis of CSS6. The present case illustrates the diagnostic 
challenge of syndromic overlap presentation and highlights 
the need for high-density genomic analysis of rare genetic 
disorders.

Case Presentation
A 19-year-old girl patient, born to consanguineous parents, 
presented for genetic evaluation due to multiple congenital 
anomalies and developmental delay. The patient exhibited 
abnormal eye movements, nystagmus, arachnodactyly, dyspnea, 
delayed speech and language development, specific learning 
disability, growth delay, tall height, and mental decline. Other 
results included hypoplasia of the uterus, gonadal dysgenesis, 
abnormal development of the breast, and nasal bone defects.
The patient was born at term after an uncomplicated pregnancy 
with infantile presentation of symptoms. Family history 
revealed a cleft lip in two maternal uncles. There was no such 
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history of syndromic features in first-degree relatives.
The first investigations were standard cytogenetic analysis, 
and these revealed a normal 46, XY karyotype. In view of the 
gonadal dysgenesis and stature, the clinical working diagnosis 
was Swyer syndrome. The extensive distribution of other 
anomalies prompted further genetic investigations.
Whole-exome sequencing (CentoXome® Solo, CENTOGENE, 
Rostock, Germany) was performed on genomic DNA obtained 
by extraction from peripheral blood. Analysis of the sequencing 
data revealed the presence of a heterozygous nonsense variant 
in ARID2 (NM_152641.3:c.202C>T, p.Gln68*), resulting in 
a premature stop codon. The ARID2 variant was classified as 
likely pathogenic (ACMG Class 2). In addition, no clinically 
relevant variants were identified in other genes traditionally 
associated with gonadal dysgenesis, including SRY, SF-1, SOX9, 
NR5A1, DHH, WT1, WNT4, CBX2, MAP3K1, GATA4, FOXL2, 
ZFPM2, TSPYL1, SUPT3H, and OTOG.
Based on the identified variant and alignment with clinical 
characteristics, a diagnosis of Coffin–Siris syndrome type 6 
(CSS6; OMIM #617808) was assigned. Genetic counselling was 
recommended, and parental carrier testing was suggested to 
determine whether the variant was inherited or de novo.

Results
Whole exome sequencing (WES) achieved >99% coverage 
of the targeted coding regions at ≥20× depth. The detection 
revealed a heterozygous nonsense variant in ARID2 
(NM_152641.3:c.202C>T, p.Gln68), which generates a 
premature stop codon (Table 1). This loss-of-function 
mutation is consistent with the established disease mechanism 
for ARID2. According to ACMG guidelines, it was classified 
as likely pathogenic (Class 2). The variant is not present 
in population databases of large size (gnomAD, ESP, 1000 
Genomes), suggesting that it is extremely rare or emerging. In 
silico analysis revealed a deleterious impact, and the nucleotide 
position is highly conserved.
Additional variants
Two heterozygous variants were identified in metabolic genes, 
reported as incidental findings: 
•	 AMT (NM_000481.3:c.992G>A; p.Arg331Gln): predicted 

deleterious (SIFT, MutationTaster) and classified as likely 
pathogenic. This gene is associated with nonketotic 
hyperglycinemia when biallelic pathogenic variants are 
present. In this patient, the single heterozygous variant is 
unlikely to be clinically relevant.

•	 GAA (NM_000152.3:c.1828G>A; p.Ala610Thr): classified 
as pathogenic and associated with Pompe disease. Similar 
to AMT, the heterozygous status suggests a carrier state 
without clinical manifestation.

Additionally, due to the initial suspicion of Swyer syndrome, 
genes associated with disorders of sex development (DSD), 
and gonadal dysgenesis (i.e., SRY, SOX9, NR5A1, DHH, WT1, 
WNT4, CBX2, MAP3K1, GATA4, FOXL2, ZFPM2, TSPYL1, 
and SUPT3H) were specifically examined. No pathogenic 
variants were detected in those genes, thus excluding their role 

as causative in this case.
Finally, the clinical features of the patient, including gonadal 
dysgenesis, growth abnormalities, intellectual disability, and 
multiple congenital anomalies, are consistent with Coffin–Siris 
syndrome type 6 (CSS6) due to pathogenic variants in ARID2. 
The other two identified variants (AMT and GAA) were 
incidental and did not explain the patient’s phenotype.

Discussion 
Coffin-Siris syndrome (CSS) is a genetically and clinically 
heterogeneous group of diseases caused by pathogenic variants 
in genes coding for subunits of the SWI/SNF chromatin 
remodelling complex. In particular, heterozygous variants in 
ARID2 have been associated with Coffin-Siris syndrome type 
6 (CSS6) (Tsurusaki et al., 2012; Chérot et al., 2018). While 
coarse facial features, hypoplastic or missing fifth fingernails or 
toenails, developmental delay, intellectual disability and sparse 
scalp hair remain as typical clinical features, atypical findings 
and considerable phenotypic variability can complicate the 
diagnosis (Wang et al.,2022; Schrier Vergano, 2024).
In the present case, the patient had multiple congenital 
anomalies, delayed neurocognitive development, gonadal 
dysgenesis, arachnodactyly, intellectual disability and 
growth retardation, which initially raised the suspicion of 
Swyer syndrome. Swyer syndrome (46,XY complete gonadal 
dysgenesis) is typically characterised by absent or striated 
gonads, primary amenorrhoea and female external genitalia 
(McCann-Crosby et al., 2014). Swyer syndrome may be 
misclassified when overlapping features such as gonadal 
dysgenesis or tall stature are present. Similar diagnostic 
challenges have been reported in the literature where other 
ARID-related disorders or CSS6 were initially confused with 
syndromes such as Swyer, Cornelia de Lange and Noonan 
(Wang et al., 2022). This emphasises the need for confirmation 
at the molecular level using next generation sequencing (NGS) 
in atypical cases.
The diagnosis of the disease was made by identifying 
a heterozygous nonsense variant in ARID2 
(NM_152641.3:C.202C>T; p.Gln68)*. This variant is classified 
as probably pathogenic according to the ACMG guidelines. 
This finding is consistent with previous reports indicating that 
loss-of-function ARID2 variants are an important pathogenic 
mechanism in CSS6 (Kalia et al., 2017; Schrier Vergano, 2024). 
Importantly, no additional pathogenic variants were detected 
in genes typically associated with disorders of sex development 
(e.g. SOX9, SRY, NR5A1, WT1, DHH), further supporting the 
ARID2 gene as the causative gene. This case expands the known 
spectrum of symptoms associated with CSS6 and emphasises 
that the disease can sometimes resemble gonadal dysgenesis, a 
rare and possibly underappreciated aspect of the disease.
Interestingly, the discovery of two heterozygous variants in 
GAA and AMT, which were incidental findings and discovered 
by whole-exome sequencing, highlights the complexity of 
whole-exome sequencing (WES). Although these variants are 
categorised as likely pathogenic or pathogenic in the context 
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of metabolic diseases, they are unlikely to contribute to the 
patient’s phenotype in the heterozygous state. Although broad 
genomic testing is helpful in detecting such incidental findings, 
genetic counselling and careful interpretation of these variants 
is crucial (Kalia et al., 2017).
From a clinical point of view, the diagnostic value of WES 
in patients with atypical and overlapping syndromic features 
is emphasised by this case. Based on karyotyping and 
conventional cytogenetic analysis, the disease was initially 
diagnosed as Swyer syndrome, but a definitive molecular 
diagnosis was achieved by WES. Recent studies have shown 
that early use of WES in patients with congenital anomalies or 
developmental delay has confirmed a higher yield of diagnosis, 
with rates of 40-50% reported (Clark et al., 2018; Pandey et al., 
2025). In this case, accurate diagnosis prevents unnecessary 
treatment steps such as prophylactic gonadectomy due to the 
risk of malignancy, which would not be relevant in CSS6 and is 
associated with Swyer syndrome.
This case also emphasises the clinical importance of accurate 
genetic diagnosis. Appropriate developmental and educational 
support, informed reproductive counselling for families and 
targeted surveillance for associated families is achieved through 
early detection of CSS6. In particular, assessment of relapse risk 
is guided by recognition of the inheritance pattern (autosomal 
dominant, typically de novo ). In addition, reporting such 
atypical presentations contributes to a broader knowledge 
of the phenotypic variability of CSS6, which is needed to 
refine clinical diagnostic criteria and promote detection in 
undiagnosed patients.

Conclusion
This case study emphasises the importance of considering 
ARID2-associated CSS6 in the differential diagnosis of patients 
with complex congenital anomalies and gonadal dysgenesis. 
In addition, this case expands the clinical spectrum of CSS6 
to include phenotypic features similar to Swyer syndrome. 
This underscores the critical role of whole-exome sequencing 
in elucidating atypical or overlapping clinical presentations 
and emphasises the importance of collecting molecular 
and clinical data to better understand genotype-phenotype 
correlations in ARID2-associated disorders. Finally, early 

and accurate diagnosis helps to ensure appropriate treatment, 
avoid misdiagnosis and provide useful information for genetic 
counselling and family planning.
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Abstract
Genetic alterations affecting drug metabolism and post-tran-
scriptional regulation significantly influence the inter-indi-
vidual variability in chemotherapy responses. The impact of 
variants in genes involved in mitochondrial function on che-
motherapy resistance remains largely unknown. Our aim is 
to identify candidate miRNAs associated with chemotherapy 
response via an integrative in-silico analysis of somatic vari-
ants within miRNA-binding sites of drug-metabolism-related 
genes with mitochondrial function. The ADME genes were 
obtained from the PharmaADME Consortium and the mito-
chondrial function-related genes were obtained from the Mi-
toCarta(v.3.0) inventory. Somatic variants located in the miR-
NA-binding sites of the selected genes were obtained from the 
SomamiR(v.2.0) database, which is based on experimentally 
validated miRNA target sites, and common variants affecting 
miRNA-target interactions were identified. The chemotherapy 
response of miRNAs carrying somatic variants was assessed 
in different cell lines using the ncRNADrug database. A total 
of 298 ADME genes and 1,136 mitochondrial function-relat-
ed genes were retrieved and integrated and overlapping genes 
were selected for subsequent analyses. Somatic variants in miR-
NA binding sites of transcripts were identified based on exper-
imental data. Ten variants in 4 genes (ALDH1B1, ALDH9A1, 

GPX1, SOD2) were revealed and 46 miRNAs were associated 
with transcripts. Drug response profiles (sensitive vs. resistant) 
were evaluated across multiple chemotherapeutic agents using 
the criteria (p<0.005 and |logFC|>2). Based on these thresh-
olds, 4 miRNAs (hsa-miR-10a-5p, hsa-miR-10b-5p, hsa-miR-
363-5p and hsa-miR-526b-5p) were associated with sensitivity 
to ceritinib, fluorouracil and paclitaxel, while exhibiting resis-
tance to 4-hydroxytamoxifen, tamoxifen (alone and in com-
bination with ethanol or fulvestrant) and vemurafenib. These 
response patterns were observed in breast, lung, ovarian, col-
orectal and melanoma-derived cell lines. These miRNAs may 
serve as translational biomarkers to predict chemotherapy re-
sponse across different cancer types. These findings provide a 
translational perspective for patient stratification and the de-
velopment of precision chemotherapy strategies targeting drug 
response heterogeneity, which is further supported by further 
wet-lab validation studies.
Keywords: drug metabolism, mitochondria, microRNAs, che-
motherapy response, in-silico analysis.

Introduction
The drug metabolism genes are a group of genes involved 
in drug absorption, distribution, metabolism and excretion 
(ADME) (1, 2). These genes are involved in the pharmacoki-
netic journey of a drug within the body from absorption to 
excretion (2). According to the PharmaADME consortium, 
ADME genes consist of 32 core genes and 266 extended genes 
(3-5). These genes are classified based on their function in the 
pharmacokinetic process, including phase I and II drug-metab-
olizing enzymes, drug transporters and modifiers (3). Genetic 
alterations affecting drug metabolism and post-transcriptional 
regulation significantly influence the drug responses (3, 6).
Mitochondrial functional genes play a central role in regulating 
cellular oxidative stress, energy metabolism and apoptosis (7). 
In particular, mitochondrial DNA (mtDNA) encodes 37 genes 
essential for normal mitochondrial function (8). However, oth-
er mitochondrial proteins are encoded by nuclear genes (9). Al-
terations in any of 400 mtDNA- or nuclear-encoded mitochon-
drial genes (mitochondrial functional genes) can contribute to 
drug resistance (10). However, the impact of genetic variants 
in mitochondrial functional genes on chemotherapy resistance 
remains largely unclear.
MicroRNAs (miRNAs) are small, non-coding RNA molecules 
that play a critical role in fundamental cellular and biological 
functions, such as proliferation, apoptosis and development 
(11-13). Moreover, miRNAs regulate gene expression by bind-
ing to their mRNA target site(s) and genetic variation in these 
regions can disrupt this interaction and prevent miRNA bind-
ing. As a result, the target gene escapes repression, potentially 
leading to dysregulated expression profiles (14). 
Alterations at miRNA binding sites can enable chemothera-
py-target evasion by releasing drug-target genes from miR-
NA-mediated repression, leading to their overexpression and 
reduced drug efficacy (15). Additionally, such variants can 
promote survival and resistance by affecting genes involved in 
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drug metabolism and apoptosis (15, 16). Therefore, identifying 
these binding-site variants is crucial to serve as predictive bio-
markers of chemotherapy resistance.
In this study, we aimed to investigate the potential for chemo-
therapy response of somatic variants in miRNA-binding sites of 
ADME genes with mitochondrial function.
Material and Methods
Retrieval of ADME and mitochondrial gene sets
The 298 ADME genes are defined by the PharmaADME Con-
sortium (3-5). The 1,136 mitochondrial functional gene set 
retrieved from the MitoCarta (v.3.0) database, including anno-
tations of their sub-mitochondrial compartments and pathway 
annotations (9).
Identification of miRNA-binding site alterations
The miRNA-binding site alterations were obtained from the 
SomamiR(v.2.0) database, which is based on experimentally 
validated miRNA target sites (17). To determine the alterations, 
we used datasets derived from high-throughput technolo-
gies such as PAR-CLIP (photoactivatable ribonucleoside-en-
hanced crosslinking and immunoprecipitation), HITS-CLIP 
(high-throughput sequencing of RNA isolated by cross-linking 
immunoprecipitation), and CLASH (crosslinking, ligation and 
sequencing of hybrids). Further downstream analyses were 
conducted using the variants that overlapped across all se-
quencing data.
Functional assessment of miRNA variants in chemotherapy 
response
The chemotherapy response of miRNAs carrying somatic vari-
ants was assessed using the ncRNADrug database (18). This 
database provides comprehensive search capabilities across 
published papers, the Gene Expression Omnibus (GEO) da-
tabase, and extracted information from the NCI-60, TANRIC, 
Genomics of Drug Sensitivity in Cancer (GDSC) and Cancer 
Cell Line Encyclopedia (CCLE) projects. MiRNA patterns as-
sociated with chemotherapy response were identified in the 
GEO repository using criteria of |logFC| ≥ 2 and p < 0.0001 and 
showing significant dual effects (both resistance and sensitivi-
ty) were excluded.
Results
Identification of overlapping ADME and mitochondrial genes
Overlapping genes between the 298 ADME genes and the 1,136 
mitochondrial functional genes were identified. A total of 36 
overlapping genes, including ABCB6, ABCB7, ABCB8, ADH-
FE1, ALDH1B1, ALDH2, ALDH3A2, ALDH4A1, ALDH5A1, 
ALDH6A1, ALDH7A1, ALDH9A1, CAT, CBR3, CYB5R3, CY-
P11A1, CYP11B1, CYP11B2, CYP24A1, CYP27A1, CYP27B1, 
DHRS1, DHRS2, DHRS4, DHRS7B, EPHX2, GPX1, GPX4, 
GSR, GSTK1, GSTZ1, HAGH, MGST1, MGST3, SOD1 and 
SOD2, were selected for further downstream analyses (Figure 
1).

Determination of miRNA-binding site variants in common 
genes
By integrating CLASH-seq and CLIP-seq datasets, we identi-
fied miRNA-binding site variants in mRNA and circRNA tran-

scripts, respectively. A total of 10 common somatic variants 
were detected across 4 transcripts in 4 different genes, includ-
ing ALDH1B1, ALDH9A1, GPX1 and SOD2, which were asso-
ciated with dysregulated miRNA-mRNA interactions. Among 
these genes, ALDH1B1 showed the highest number of variants 
(n=5). The identified variant details are listed in Table 1.
Table 1. Common miRNA-binding site variants identified in 
CLASH-seq and CLIP-seq datasets.

Characterization of miRNAs associated with common vari-
ants
We identified 46 miRNAs associated with 10 shared variants 
across common transcripts, including hsa-miR-10a-5p, hsa-
miR-10b-5p, hsa-miR-92b, hsa-miR-99b, hsa-miR-100, hsa-
miR-153-5p, hsa-miR-328, hsa-miR-342-3p, hsa-miR-363-5p, 
hsa-miR-526b-5p, hsa-miR-568, hsa-miR-578, hsa-miR-609, 
hsa-miR-620, hsa-miR-653-5p, hsa-miR-1270, hsa-miR-
1252-5p, hsa-miR-1273f, hsa-miR-1289, hsa-miR-3147, hsa-
miR-3198, hsa-miR-3605-3p, hsa-miR-3619-3p, hsa-miR-4294, 
hsa-miR-4309, hsa-miR-4434, hsa-miR-4455, hsa-miR-4483, 
hsa-miR-4516, hsa-miR-4531, hsa-miR-4535, hsa-miR-4635, 
hsa-miR-4640-5p, hsa-miR-4679, hsa-miR-4684-5p, hsa-miR-
4726-5p, hsa-miR-4776-5p, hsa-miR-5703, hsa-miR-6508-3p, 
hsa-miR-6724-5p, hsa-miR-6745, hsa-miR-6756-5p, hsa-miR-
6766-5p, hsa-miR-6770-5p, hsa-miR-6772-5p and hsa-miR-
6880-5p. These miRNAs were further analyzed to evaluate their 
potential impact on chemotherapy response.

Functional impact of variants on chemotherapy response
We identified 4 uniquely patterned candidate miRNAs associ-
ated with chemotherapy response across multiple cancer types. 
These miRNAs were derived from both RNA sequencing and 
microarray-based datasets in the GEO database. In total, their 
expression profiles were evaluated across 8 different chemo-
therapeutic agents in breast, lung, ovarian, colorectal and mel-
anoma cancer cell lines. Among these, tamoxifen showed the 
strongest association with the candidate miRNAs. The 4 can-
didate miRNAs and related chemotherapy response signatures 
across different cancer types (|logFC|>2 and p<0.005) are pre-

Figure 1. Venn diagram of overlapping ADME and 
mitochondrial functional genes.



147The EuroBiotech Journal

sented in Table 2, including compound/agent, miRNA pattern, 
p-value, logFC and cancer type.
Table 2. Candidate miRNAs and their chemotherapy response 
signatures in different cancer types (|logFC|>2,  p<0.005).

Discussion
Chemotherapy resistance remains a major limitation to treat-
ment efficacy and reduces overall survival in patients (19). The 
development of resistance is a multifactorial, dynamic process 
involving alterations, especially for post-transcriptional regula-
tory mechanisms (19, 20). Although ADME-associated genes 
and mitochondrial functional pathways are known to contrib-

ute to drug resistance, the impact of somatic variants located 
within miRNA-binding regions of these genes has remained 
largely unexplored. In this study, we aimed to shed light on 
the potential role of somatic variants affecting miRNA-binding 
sites in ADME genes with mitochondrial function and their as-
sociation with chemotherapy response across multiple cancer 
types. Our integrative analyses identified 4 candidate miRNAs, 
including hsa-miR-10a-5p, hsa-miR-10b-5p, hsa-miR-363-5p 
and hsa-miR-526b-5p, which may function as potential bio-
markers associated with chemotherapy sensitivity and resis-
tance across diverse cancer contexts.
MiRNAs are key post-transcriptional regulators and their in-

Table 1. Common miRNA-binding site variants identified in CLASH-seq and CLIP-seq datasets.

Transcript ID circRNA ID Gene Variant

NM_000692 hsa_circ_0087093 ALDH1B1

chr9:g.38396464C>T

chr9:g.38396465G>A

chr9:g.38396467G>A

chr9:g.38396474C>T

chr9:g.38397032G>C

NM_000696 hsa_circ_0015071 ALDH9A1
chr1:g.165662620T>A

chr1:g.165665083C>T

NM_201397 hsa_circ_0065638 GPX1
chr3:g.49358153C>A

chr3:g.49358112A>C

NM_001024466 hsa_circ_0004662 SOD2 chr6:g.159682581A>C

Table 2. Candidate miRNAs and their chemotherapy response signatures in different cancer types (|logFC|>2,  p<0.005).

Compound miRNA Pattern logFC p-value FDR Method GEO

4-Hydroxytamoxifen+Tamoxifen hsa-miR-10a-5p R 2.823 2.28E-05 1.00E-03 Array GSE28267

4-Hydroxytamoxifen+Tamoxifen hsa-miR-10b-5p R 2.728 1.97E-04 7.00E-03 Array GSE28267

Ceritinib hsa-miR-10a-5p S -2.899 9.59E-04 3.50E-02 RNA-seq GSE81486

Ethanol+Tamoxifen hsa-miR-10a-5p R 2.723 3.46E-05 3.00E-03 Array GSE28267

Ethanol+Tamoxifen hsa-miR-10b-5p R 2.435 5.85E-04 1.90E-02 Array GSE28267

Fluorouracil hsa-miR-10b-5p S -2.267 1.07E-26 4.14E-25 RNA-seq GSE190951

Paclitaxel hsa-miR-363-5p S -8.303 1.74E-08 2.08E-06 Array GSE43598

Tamoxifen hsa-miR-10a-5p R 2.711 1.72E-06 8.87E-04 Array GSE159979

Tamoxifen+Fulvestrant hsa-miR-10a-5p R 7.038 5.41E-10 3.49E-07 Array GSE159979

Vemurafenib hsa-miR-526b-5p R 9.421 4.63E-10 1.11E-08 RNA-seq GSE116134

FDR: False Discovery Rate; GEO: Gene Expression Omnibus; R: Resistance; S: Sensitive.
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volvement in cancer drug resistance is tightly linked to genom-
ic and genetic alterations (21). Currently, extensive studies have 
increasingly focused on elucidating the molecular mechanisms 
underlying chemotherapy resistance in different cancer cell 
lines using high-throughput technologies. In particular, com-
prehensive integration of transcriptomic, genomic and miRNA 
profiling studies has provided significant insights into the reg-
ulatory roles of miRNAs in modulating resistance to various 
chemotherapeutic agents across multiple cancer types (22-27). 
Previous studies have demonstrated the involvement of miR-
10a-5p and miR-10b in chemotherapy resistance across dif-
ferent cancer types. Xiong et al. reported that miR-10a-5p 
was significantly upregulated in gemcitabine-resistant pan-
creatic ductal adenocarcinoma cell lines, thereby promoting 
chemoresistance by directly targeting TFAP2 (28). Similarly, 
Attathikhun et al. demonstrated that miR-10b expression was 
elevated in sorafenib-resistant non-small cell lung cancer mod-
els and contributed to resistance development by inhibiting 
the p53-associated resistance pathway (21). To the best of our 
knowledge, no comprehensive studies have investigated the 
direct roles of hsa-miR-363-5p and hsa-miR-526b-5p in che-
motherapy resistance mechanisms across cancer types. There-
fore, these candidate miRNAs may represent novel regulatory 
molecules associated with drug response and the development 
of drug resistance. Further functional and mechanistic stud-
ies are required to elucidate their molecular targets, signaling 
pathways and potential contributions to the progression of che-
motherapy resistance.
In conclusion, these candidate miRNAs may serve as transla-
tional biomarkers and key regulators of chemotherapy response 
across different cancer types. Furthermore, these findings pro-
vide a translational perspective for patient stratification and 
the development of precision chemotherapy strategies target-
ing drug response heterogeneity, which is further supported by 
further wet-lab validation studies.
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Abstract
The aim of this study was to provide information on the dam-
age of some indicators of the growth performance in mussels, 
caused by the excessive increase in water temperature in sum-
mer season. The study was carried out in a mussel “population” 
that was reared in the panels of a fixed suspended culture, in 
Manastiri area, during 2024s. Samplings of mussels were car-
ried out without selection in the months of April-May and Ju-
ly-August, from three parts of the ropes. For each month, no 
less than 90 molluscs were sampled. 
The highest measured value for temperature, in the surface 
layer of water (0.25 m) was 29.4 °C (August). The increase in 
the average water temperature in the 0-3.0m layer, from 19.03 
°C to 25.52 °C, had caused the reduction in the average ox-

ygen content from 7.30 mgO2/l to 4.58 mgO2/l. The average 
values of the SGR%-index, for the reared stock of Mytilus gal-
loprovincialis, were 0.298±0.015 and 0.196±0.020. The regres-
sion and correlation analysis confirmed the significance of this 
differences. The average values of the Kn-factor for the reared 
mussels, in two time intervals were: Kn=0.871, in the Summer 
season and Kn=1.041, in the Spring season. The average values 
calculatet for the meat yield according to four months, were: 
0.241±0.0107 in April; 0.276±0.0151 in May; 0.231±0.0135 in 
July and 0.207±0.0150 in August. All analytical indicators of 
mussel growth, which were evaluated, manifested a reduction 
in values ​​under conditions of a significant increase in water 
temperature.

Keywords: mussel, aquaculture, climate change, specific 
growth rate.

Introduction: Anthropogenic climate change has become a 
major environmental driver, strongly affecting marine bio-
diversity and ecosystem functioning, often interacting with 
other human-induced stressors (Gissi et al., 2021;Garrabou et 
al.,2022). While European countries such as Spain, Italy, France 
and the Netherlands are still significant producers, European 
aquaculture mussel production peaked at 600 000 t in the late 
1990s and has been declining ever since to 431,000 t in 2022 
(Soliño and Figueras, 2025).The decline in EU mussel produc-
tion is the result of multiple factors, primarly environmental, 
with diseases, spat depletion, harmful algal blooms, poor wa-
ter quality, predation, pollution and climate change being the 
main causes (Portacci et al.,2025). The detrimental effects of 
marine heatwaves (MHW) seem to be playing a major role in 
the decline of European mussel production, especially in the 
Mediterranean Sea (Garrabou et al., 2022).
The experiments showed that mussels can survive in the tem-
perature range of 3–25 °C, but do not survive at 30 °C. For the 
mussels the optimal temperature was 8 °C at low food condi-
tions and 15 °C at high food condition.M. edulis grew less when 
oxygen concentration was reduced.This effect was more pro-
nounced at higher temperatures, possibly due to increased ox-
ygen demand.High temperature and low oxygen concentration 
combined reduced clearance rate in M. edulis (Kamermans et 
al.,2022). Tang and Riisgård (2018) found that mussels exposed 
to oxygen concentrations decreasing from 9 to 2 mg O2/l result-
ed in a slow but significant reduction in the respiration rate at 
13.5±0.6 °C.At oxygen concentrations below 2 mg O2/l M. edu-
lis responded by gradually closing its valves, resulting in a rapid 
decrease of filtration rate, concurrent with a rapid reduction of 
respiration rate. These observations indicated that M. edulis is 
no longer able to maintain its normal aerobic metabolism at 
oxygen concentration below 2 mg O2/l.
The high temperatures disrupt the optimal physiological pro-
cesses in the molluscs.This can lead to physiological stress, 
metabolic impairment, and even mortality, especially during 
prolonged heatwaves (Brancchetti et al.,2024).In recent years, 
mass mortality events linked to high summer temperatures 
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have also increased in the Mar Grande, further damaging mus-
sel production (Arduini et al., 2023). In the period between 
2015 and 2020 mass mortality events had happened in Alba-
nia,in the mussel farm of Butrinti Lagoon.The result was the 
almost complete failure of  the production.
The aquaculture of Mediterranean mussel (M.galloprovincialis) 
in Butrinti Lake (the Albanian coast of Ionian Sea) started in 
1968,in 80 concrete “panel” structures (Peja et al.,1996).These 
structures were installed at the depth from 6 m to 10 m,in 
three areas of the lake (Manastir,Pallavraq and Butrint) (Figure 

1).The maximal production was 4920 ton/yr,in 1989.The high-
est value of exports to EU countries was 700 ton/yr and was 
realized in 1987.With the interruption of exports,for sanitary 
reasons,after the 90s,the mussel was commercialized in the do-
mestic market,and the production was reduced (150-2000 ton/
yr) (ASPBM,2010).
The aim of this study was to provide information on the dam-
age of some indicators of the growth performance in mussels,-
caused by the excessive increase in water temperature in sum-
mer season.

Materials and methods:
The study was carried out in a mussel “population” that was 
reared in the panels of a fixed suspended culture,in Manastiri 
area (Figure 1),during 2024s.Samplings of mussels were car-
ried out without selection in the months of April-May and Ju-
ly-August,from three parts of the ropes;in the upper 1/3,in the 
middle and in the lower 1/3 parts.For each month,no less than 
90 molluscs were sampled. Each individual was cleaned from 
detritus and biofouling before measurements.Measurements 
were made for shell length (TL,cm), live weight (W,g) and meat 
weight (w,g).The total shell length was measured to the nearest 
0.01 mm using a digital caliper.Each mussel was weighed for 
live weight (W,g).After,using a scalpel the wet tissue (meat) was 
removed from the shell and weighted individually (w,g) to the 
nearest 0.01 g (Kovacic et al.,2017).An electronic balance was 

used to do the weightings.
	 The concentration of dissolved oxygen (mgO2/l) and 
the water tremperature (°C) were measured at the sampling 
points using the oxy-thermometric probe HQ40d.The mea-
surements were carried out in the vertical direction, in 10 hori-
zons (0.25m,0.50m,0.75m,1.00m,1.25m,1.50m,1.75m,2.00m,2.
50m and 3.00m) of the lake depth 0-3 m,for two-time intervals 
of the rearing cycle (April-May and July-August).
The specific growth rate index (SGR),according to total length 
of the shell (TL,cm):This growth parameter was estimated 
for the time-interval from 3 April to 28 May,as well as for the 
time-interval from 12 July to 30 August.Was used the formula 
according to Welker et al.(2019): 
	 SGRTL= [(lnTL2 – lnTL1) / (t2 – t1)] * 100.
	 TL1 was the average total length (cm) of the sample’s 
mollusks on the 3 April and 12 July and TL2 was the average to-
tal length of the sample’s molluscs in 28 May and 30 August,re-
spectively.The variable t2-t1 was the number of days between 
the 3 April and 28 May as well as between 12 July and 30 Au-
gust.
The calculation of the relative condition factor (Kn) was carried 
out after preliminary calculation of the values ​​of the two coef-
ficients (a and b) in the length-weight allometric relationship 
(Kuriakose,2017),separately for two-time intervals (April-May 
and July-August) of the rearing cycle.The formula for calcula-
tion was according to Zorica and Čikeš  Keč (2013):
	 Kn = W/aTLb

	 W-live weight of the mollusk (g);TL-Total length of 
the mollusk (cm);b-exponent or allometric coefficient;a-inter-
cept.
The meat yield (MY%):We used the formula according to Çelik 
et al.(2012) to calculate this growth parameter:
MI% = (w,g/W,g)*100  
Were:w – wet meat weight (g) and W – live (total) weight of 
the mollusc
The calculation of growth parameters (a,b,Kn, SGRTL and 
MY%) and the biometric data processing were conduced using 
IBM SPSS Statistics 21.0 (2019)A.One-way ANOVA analysis 
of variance and the Student’s t-test were used to compare the 

Figure 1. A "panel" type system,with concrete struc-
tures,for the cultivation of mussel (M. galloprovinci-
alis) in Butrint Lake

Figure 2.The values of the coefficients in the relationships 
P,m-T° (r=0.933) and P,m-O2,mg/l (r=0.692),in the time 
interval July-August.
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means values of the growth parameters,between two time-in-
tervals of mussel’s rearing cycle.Were tested the significance 

levels (P<0.05) of the differences between the average values of 
the calculated parameters (Zar,2010).
Results:
-The relationship between the depth (Pm) and two indicators 
of water quality, temperature (°C) and dissolved oxygen con-
tent (mgO2/l):
	                         
Figures 2 and 3 demonstrate the isometric relationship be-
tween water depth in the area of ​​Manastir (one of the Butrinti 
lake’s area where are located the panels of the mussel cultiva-
tion plant),on the one hand,and the water temperature as well 
as dissolved oxygen content,on the other hand,for two time in-
tervals of the rearing cycle,July-August and April-May.              
In the two time intervals, a negative relationship is proven be-
tween water depth and temperature as well as depth and ox-
ygen concentration.However, in the spring season, the water 
layer near the surface (0-3m) tended to be isothermic, while 
in the summer season this layer show the features of thermal 
“stratification”.This fact was proven after analysis of variance 
(ANOVA), comparing the average values ​​of water tempera-
ture at two depths, 0-1.5 m and 1.5-3.0 m, for the two time 
intervals. In the April-May time-interval, the respective aver-
age values ​​of the water temperature, according to the indicated 
depths, were 19.68±0.77 °C and 18.05±0.42 °C.The comparison 
of these values ​​did not prove the existence of significant dif-
ferences (t=1.8;P>0.05).The situation of the average values ​​of 
the water temperature, for the July-August time interval was 
27.75±1.63 °C at a depth of 0-1.5m and 22.18±1.37, at a depth 
of 1.5-3.0m.A significant difference was proven between these 
two values (t=2.7;P<0.05).The highest measured value for tem-
perature was 29.4 °C (P=0.25cm;August).
The increase in the average water temperature in the 0-3.0m 
layer,from 19.03 °C (April-May time interval) to 25.52 °C (Ju-
ly-August time interval) (1.34 times),had caused the reduction 

in the average oxygen content from 7.30 mgO2/l to 4.58 mgO2/l 
(1.59 times).The regression and correlation analysis confirmed 
that the rate of reduction in the values ​​of dissolved oxygen 
content was higher in the July-August time-interval (b=8.926) 
compared to the April-May time-interval (b=5.037).The lowest 
measured value for oxygen was 4.05 mgO2/l (P=3.0m;August).
Our estimates confirmed the existence of a significant differ-
ence (t=2.50;P<0.05) between the average value ​​of the oxygen 
content for the April-May time interval (7.30±1.031 mgO2/l) 
and the average values ​​of this indicator for the July-August time 
interval (4.58±0.401 mgO2/l).
-The specific growth rate index (SGR):
The specific growth rate index is a growth parameter that mea-
sures the growth rates (in %) between two time intervals (from 
t1 to t2).The difference in the height of the columns, in the dia-

gram of Figure 4,confirms the differences in the growth rate of 
M. galloprovincialis between two time intervals (April-May and 
July-August) of the rearing cycle.The average values (M±SD) 
of the specific growth rate index (SGR%),for the reared stock 
of M.galloprovincialis,in two time-intervals of rearing cycle 
were respectively:0.298±0.015 (Var%=5.07) (April-May) and 
0.196±0.020 (Var%=10.05) (July-August).
                     
The regression and correlation analysis confirmed the signif-
icance of the differences (t=4.08;P<0.05) between the average 
value of the SGR(%)-index in reared mussels,for the time in-
terval April-May and the average values of this growth param-
eter, for the time interval July-August.This fact proves that the 
growth rate of mussels in the Summer season has slowed down 
significantly compared to the Spring season.
	 -Relative condition factor (Kn):
According to the protocol that was applied,we initially calculat-
ed the values ​​of the two coefficients (a and b) in the allometric 
length-weight relationship and, further, these values ​​were used 
to calculate the values ​​of the relative condition factor (Kn) in 
reared mussels, separately for two time intervals, April-May 

Figure 3.The values of the coefficients in the relationships 
P,m-T° (r=0.968) and P,m-O2,mg/l (r=0.957), in the time in-
terval April-May.

Figure 4.The differences in growth rates,according to the 
estimarion of the SGR-values,in M.galloprovincialis (Bival-
via),reared in Butrinti Lake,in two time-intervals of the pro-
duction process.
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and July-August (Figure 5)
The values ​​of the allometric coefficient (b) at LWR (b=2.819; Ju-
ly-August and b=3.016;April-May) showed that the growth of 
reared mussels in the Spring season was isometric with a posi-
tive allometric trend (3.0→3.5), while in the Summer season it 
was negative allometric (<3.0). This is another fact that proves 
the damage to the growth processes in the hottest season of the 
year.Being basic variables in the calculation of the values ​​of the 
relative condition factor (Kn),the above-mentioned “in time” 
differences in the values ​​of a and b are reflected in the values ​​of 
this condition indicator.The average values of the Kn-factor for 
the reared mussels,in two time intervals were:Kn=0.871,in the 
Summer season and Kn=1.041,in the Spring season.Expressed 
in %, these values ​​prove that the condition of the mussels in the 
months of July-August was as much as 83.7% of the condition 
they had in the months of April-May.
	 -The meat yield (MY%):
The meat yield (MY%) is an analytical parameter for the qual-
ity of the mollusk as a product for human consumption.High-

er values ​​of this parameter testify to the higher content of soft 
tissues in the total (or live) weight of the mollusk.According to 
the four months, the average values ​​(M±SD) resulted from the 
calculation of the meat yield (MY%) of mussels reared in the 
aquaculture of Butrinti Lake,were:0.241±0.0107 (Var%=4.44) 
in April;0.276±0.0151 (Var%=5.47) in May;0.231±0.0135 
(Var%=6.34) in July and 0.207±0.0150 (Var%=7.24) in August.
Not only the reduction of the monthly average value of MY% 
but also the increase in the value of the biometric indicator 
Var% confirms the deterioration of the meat content in mus-
sels, from the beginning of April to the end of August.The cal-
culation of the t-test of the Student, in the comparison between 
the average values ​​of the MY%-parameter,for the months of 
April and August, proved that the changes were at the limits of  
"significant difference" (t=1.89;n=7;P<0.05).

Discussion:
European aquaculture mussel production of the species Myti-
lus galloprovincialis  is in decline.This decrease can be due to 
multiple stresses linked to climate change.Mussel growth per-
formances were significantly different in relation to the depth.
Due to the high temperatures recorded in July (max. 31.01 °C 
at the surface) the reared mussels did not reach the requested 
condition index for the marketing. Moreover, mussels reared 
on the surface resulted more vulnerable to air exposure (Cal-
abrese et al.,2025).Several authors have conducted assessments 
on the thermal regime and oxygen content in the water of 
Butrint Lake. Bushati et al. (2012) conducted measurements in 
Butrint Lake for temperature and dissolved oxygen, at depths 
of 1m and 3m.They recorded minimum and maximum values ​​
of 6.1 °C and 29.8 °C for temperature, as well as 5.1 mgO2/l and 
11.4 mgO2/l for the oxygen content.The average values were: 
17.7±6.2 °C and 8.4±1.2 mgO2/l.These authors had noted that 
in the Summer season the water temperature reached the limit 
of 30 °C,while the oxygen content was quite low. The Spring 
season was considered the best for mussel growth.
Kolitari et al. (2013) had found that in 2011,in Butrinti Lake 
there was a gradually growing temperature and this leads to cat-
astrophic temperature in July.These author pointed out that the 
water temperatures in depth 1m changed more than in depth 3 
or 5 m during the months.This happens because temperatures 
of surface are in influence of air temperatures.Then in depth 3 
and 5 m the temperatures had a stability during the months, ex-
pect June.Also,were proven significant differences between the 
minimum value (2.3 mg O2/l) and the maximum value (9.96 
mgO2/l),of the oxygen content.We have not found situations 
where the oxygen content was as low as the minimum mea-
sured by Kolitari et a.(2013),but we must admit that,although 
mussels are quite tolerant to hypoxia, the general deterioration 
of water quality causes at the same time an increase in their 
sensitivity to hypoxic stress.In the conditions of water quality 
damage from eutrophication, the intensity and duration of hy-
poxic situations have increased significantly, causing damage 
to mussels, which are often forced to be exposed to air or sub-
jected to fluctuations in the oxygen content in the water,which 

Figure 5.The values of some analytical growth indicators  (a,b 
and Kn) for a reared stock of M.galloprovincialis (Bivalvia) in 
two time-intervals of rearing cycle.

Figure 6. The monthly differences in growth characteristics,ac-
cording to the average values of MY%,in M.galloprovincialis 
(Bivalvia) reared in Butrinti Lake.
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are characteristic of the summer season (Dias and Rosenberg, 
1995).
It should be noted that short-term thermal crises caused by 
heatwaves have also occurred in Lake Butrint in 2015 and 2017 
(MBZHR, 2018). In the summer of 2015, the water tempera-
ture in the surface layer of the lake had reached 33°C, while in 
the same season in 2017,a record temperature of 40°C was reg-
istred.In this year, 70% of the mussels in the aquaculture system 
had died.This was a typical case of production failure, caused 
by a heatwave.Heatwaves are causing catastrophic failures in 
mussel production, with recent examples showing nearly total, 
or up to 90%, losses in major production areas like Greece in 
2024.These failures are driven by water temperatures exceeding 
30°C, which are lethal to mussels (https://www.google.com/
search the failure of mussel production).In recent years, studies 
on the negative impact of global warming on production levels 
in musels aquaculture have increased significantly.Recent stud-
ies confirmed that the occurrence of recurrent extreme marine 
heatwaves along the Mediterranean coasts during the 2015–
2019 period caused mass mortality events in invertebrates, 
including corals, sponges, bryozoans and mussels (Garrabou 
et al.,2022).Considering that extreme temperatures will likely 
intensify in the future, further efforts are needed to design new 
farming strategies, such as an IMTA system in an offshore wind 
farm, to overcome this challenge (Calabrese et al.,2015). Mus-
sels of the genus Mytilus  are one of the most important eco-
nomic and ecologically relevant bivalves in European coastal 
areas, with the Mediterranean species M. galloprovincialis lim-
iting its expansion by temperatures <9 °C (Fly et al.,2015), and 
showing lethal temperatures between 26 and 28  °C (Jones et 
al.2009).
Our evaluations of several parameters that measure mussel 
growth proved that in general heatwaves, acting at relatively 
short intervals during the summer season, cause the reduction 
of values ​​for such analytical indicators as SGR(%), MY(%) and 
Kn.Peharda et al.(2007) had found that,in an aquaculture plant 
of the Adriatic Sea, the length of the mussel (M. galloprovincia-
lis) in the March-May time-interval had increased on average 
by 6.4±2.2 mm, while during the July-September time-interval 
the average increase was 1.5±1.2 mm.According to this authors 
growth rates were lowest during the summer months (July and 
August) when water temperature ranged between 21 °C and 
24 °C, and highest during March and April, when the water 
temperature was as low as 10 °C. Mussels exhibited intermedi-
ate growth rates during all other periods. The observed pattern 
of mussel growth can partially be explained by the tempera-
ture dependence of mussel growth rate.The optimal growth of 
bivalves calculated from the most common bivalve, which are 
oysters, clams, scallops, and mussels, occurs at an average tem-
perature of 18°C, with a range of 12-24°C.Higher temperatures 
can slow growth and increase mortality (Acquafredda et  al., 
2019;  Arrieche et  al., 2020).Heatwaves can cause significant 
physiological stress in marine organisms, leading to differ-
ences in growth and even declines in population (Masanja et 
al.,2023).

Conclusion:
In the conditions of systematic recurrence of spontaneous 
heatwaves, the negative impact of which on the growth and 
production of aquaculture products, including bivalve mol-
luscs, has been proven by many studies, it is necessary to carry 
out technical, but also biotechnological interventions,to reduce 
the negative effects.It should be noted that cultivation in the 
lagoon, due to the limited depth and the more rapid changes in 
water parameters, compared to the sea, offers fewer opportuni-
ties for technical modifications of the equipments and renewal 
of technologies for the rearing of  the mollusks.The aquacul-
ture of mussels (M. galloprovincialis) should increasingly be di-
rected to the sea, integrating intensive practices in production 
technologies as well as including biotechnological methods of 
genetic improvement.
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