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Summary

Ticks are among the most important vectors of zoonotic pathogens in Europe, with Ixodes ricinus acting as the principal
vector for a wide range of bacterial, protozoan, and viral agents affecting human and animal health. This PhD thesis aims
to improve the understanding of tick-borne pathogen circulation in Belgium by combining citizen science, molecular
microorganism screening, and microbiome analyses across ecological contexts. The work is structured around three
complementary studies that together explore (i) pathogen prevalence in ticks collected from humans, (ii) the diversity and
ecological drivers of the I. ricinus microbiome, and (iii) the emergence of tick-borne encephalitis virus (TBEV) in Belgium.

Citizen science as a tool for tick-borne pathogen surveillance

The first part of this thesis is based on a citizen science approach, enabling the collection of ticks directly removed from
humans across Belgium. This strategy provides a way to assess pathogen exposure, complementing traditional field
sampling methods that rely on questing ticks. Using ticks collected in 2021 and comparing them to a similar survey
conducted in 2017, this study aims to detect pathogen in ticks collected from human:s.

Molecular screening revealed that ticks removed from humans carried a diverse range of bacterial pathogens, including
Borrelia burgdorferi sensu lato, Rickettsia spp., Anaplasma phagocytophilum, and Babesia spp. Overall pathogen
prevalence remained high, confirming that human exposure to infected ticks is frequent in Belgium. Importantly,
comparison between the two time points showed changes in pathogen prevalence patterns, suggesting dynamic
circulation of tick-borne agents over time. These results highlight the value of repeated citizen science-based surveillance
to detect temporal trends and potential emerging risks. Furthermore, this work demonstrates that citizen science is a

powerful, cost-effective tool for the monitoring of tick-borne pathogens while simultaneously increasing public awareness
of tick-borne diseases.
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Microbiome diversity across ecoregions and its association with pathogens and symbionts

The second part of the thesis focuses on the bacterial microbiome of I. ricinus ticks and investigates how it varies across
Belgian ecoregions. Using 16S rRNA gene sequencing, the microbiome composition of ticks was analysed in relation to
geographic location and the presence of pathogens and symbionts. Belgium, despite its relatively small size, encompasses
distinct ecoregions with differences in climate, land use, and host communities, offering an ideal setting to explore
ecological drivers of microbiome variation.

The results revealed that the I. ricinus microbiome is highly diverse but structured, with significant differences in bacterial
community composition between ecoregions. Certain bacteria were strongly associated with specific regions, suggesting
that environmental factors and local host assemblages influence microbiome assembly. In addition to environmental
effects, the presence of pathogens such as Rickettsia spp. was associated with marked shifts in microbiome composition.
Ticks positive for this specific pathogen displayed reduced diversity and distinct bacterial profiles compared to non-
infected ticks.

These findings support the idea that the tick microbiome is not a passive reflection of the environment but a dynamic
system influenced by ecological context and pathogen colonisation. Understanding these interactions is essential, as
microbiome composition may affect tick fitness, vector competence, and pathogen transmission. This study provides one
of the first detailed characterisations of I. ricinus microbiome variation at a national scale in Belgium.

Emergence of tick-borne encephalitis virus in Belgium

The third part of the thesis addresses the detection of tick-borne encephalitis virus (TBEV) in Belgium, a country historically
considered outside the core endemic area for this virus. Through molecular screening of I. ricinus ticks, TBEV RNA was
detected for the first time in Belgian ticks in May 2024. Phylogenetic analysis confirmed that the detected virus belonged
to the European subtype and was closely related to a strain found in Finland.

This finding has important public health implications, as TBEV can cause severe neurological disease in humans and is
often underdiagnosed in regions where it is not considered endemic.

General conclusions and perspectives

Together, the three studies presented in this thesis provide an integrated view of tick-borne pathogen and symbiont
circulation in Belgium. By combining citizen science, microorganism detection, microbiome analysis, and TBEV detection,
this work demonstrates that Belgium is not only exposed to well-known tick-borne pathogens but also faces the
emergence of new risks such as TBEV. The results highlight the importance of continuous surveillance, the consideration
of ecological and microbial contexts, and the value of interdisciplinary approaches in understanding and managing tick-
borne diseases.

This thesis contributes to improving knowledge of tick-borne microorganisms in Belgium and provides a framework that
can be applied to other regions.



