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Gastrointestinal parasites are integral components of natural ecosystems and form long-
standing associations with their hosts. They include organisms that persist with little apparent
effect on host health, as well as important pathogens capable of causing severe disease.
Individual hosts frequently harbour multiple parasite taxa simultaneously, forming complex
communities whose composition reflects the interplay between parasite biology, host
evolutionary history, ecology and environmental exposure. Understanding these communities
therefore requires moving beyond the simple detection of infection towards identifying which
parasites are present, which hosts they infect, what determines their distribution, and under
which circumstances infection has consequences for host health.

These questions become particularly important at the human—wildlife interface, where humans,
wildlife and domestic animals increasingly share landscapes and resources. For many
gastrointestinal parasites, transmission does not require direct contact between hosts, as
infective stages may persist in soil, vegetation, food or water. Non-human primates provide a
particularly informative model for investigating these processes because of their close
evolutionary relationship with humans, differences in ecology and behaviour, and varying
degrees of contact with human populations. At the same time, many primate species are
endangered, making parasite transmission relevant not only to public health but also to wildlife
conservation.

My research has focused on gastrointestinal parasites, particularly strongylid nematodes and
genus Strongyloides, their genetic diversity, host specificity, transmission ecology and
potential health consequences. A central question throughout this work has been how parasite
diversity and host associations can be reliably characterised, especially when conventional
diagnostic methods provide insufficient taxonomic resolution. This has gradually led to broader
questions concerning parasite circulation among host species, the effects of ecological and
anthropogenic changes on parasite communities, and the circumstances under which
infections that are apparently well tolerated may become associated with disease.

The presented habilitation thesis brings together 26 scientific publications addressing these
questions in different host species and ecological settings. The research is organised into four
interconnected thematic areas: parasite diversity and the development and application of
molecular approaches; host specificity, parasite sharing and zoonotic potential; ecological and
anthropogenic drivers of parasite communities; and the health consequences of
gastrointestinal infections in wild primates. Particular attention is given to African great apes
and human populations living in or near their habitats, although the work also includes other
primates, domestic animals and parasite systems outside Africa.

An important methodological component of my research has been the combination of classical
parasitological approaches with molecular identification and high-throughput sequencing.
Microscopy, coproscopic examinations and larval cultivation remain essential for detecting
parasite stages and assessing infection intensity, but frequently provide insufficient resolution
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for distinguishing closely related species or mixed infections. The application of targeted
molecular markers and metabarcoding, particularly ITS-2 sequencing of strongylid nematodes
and 18S rRNA and mitochondrial markers for Strongyloides, has made it possible to
characterise parasite communities and genetic lineages that would otherwise remain
unresolved. These approaches have been complemented by phylogenetic analyses, statistical
evaluation of parasite communities, ecological and spatial data, and, where available,
information on host health. More recently, our research has also begun moving towards
genome-wide approaches to address questions that cannot be adequately resolved using
individual genetic markers.

The first part of the thesis demonstrates how increasing molecular resolution has changed our
understanding of gastrointestinal parasite diversity. Our studies revealed complex strongylid
communities in African great apes and humans, including considerable genetic variation within
genera Oesophagostomum and Necator. Comparisons with primates from South-East and
East Asia showed markedly different community structures and patterns of genetic diversity.
We also applied metabarcoding beyond wildlife systems to investigate strongylid communities
and their responses to anthelmintic treatment in cattle. At the same time, these studies
highlighted important methodological limitations, particularly the influence of marker selection,
amplification biases and incomplete reference databases. Increased molecular resolution does
not automatically provide reliable species identification, and molecular findings must therefore
be interpreted in relation to parasite taxonomy and biology.

The second part focuses on host specificity and parasite circulation among host species. Our
studies in the Dzanga-Sangha Protected Areas in the Central African Republic demonstrated
that strongylid communities are shaped not only by host evolutionary relationships but also by
ecological opportunities for transmission. In particular, humans spending substantial time in
the forest shared more similarities in their strongylid communities with gorillas than did people
living predominantly in villages. Molecular analyses also revealed the occurrence of closely
related parasite lineages across different host species, including Necator and Strongyloides.
Studies involving humans, non-human primates, dogs and other mammals further
demonstrated the importance of considering parasite transmission within multihost systems
rather than as isolated relationships between two host species. Nevertheless, the identification
of identical or closely related parasite sequences in different hosts does not necessarily
demonstrate transmission, and important questions remain concerning its direction, frequency
and epidemiological significance.

The third part examines how ecological and anthropogenic factors influence gastrointestinal
parasite communities. Our research showed that habitat disturbance may be associated with
a reduction in gastrointestinal symbiont diversity, but also that the effects of human activities
are not uniform across parasite taxa or host populations. Studies of African primates
demonstrated differences in parasite occurrence and community composition associated with
habitat conditions, host ecology and the degree of contact with humans. In mountain gorillas,
we investigated spatial variation in helminth infections and the potential relationships between
environmental conditions, physiological stress and parasite dynamics. Together, these findings
indicate that parasite communities should not be viewed as static characteristics of their hosts,
but as dynamic outcomes of interactions among hosts, parasites and their environments.

The final part addresses a question that has become increasingly important in my research:
when and why does an established gastrointestinal infection become associated with disease?
This question is particularly relevant for mountain gorillas, where severe gastrointestinal health
problems have been observed in association with strongylid infections. Our studies in the
Virunga Massif identified changes in strongylid communities associated with clinical disease
and investigated the possible role of environmental stressors. Analyses of historical samples
provided an opportunity to examine how parasite communities and host—parasite relationships



have changed over time. Research in Bwindi Impenetrable National Park revealed a different
pattern of strongylid-associated health problems, further illustrating that similar parasite groups
may have different consequences in closely related host populations. These findings are
especially interesting when compared with western lowland gorillas, in which some of the same
parasite genera occur commonly without comparable clinical problems. However, the
mechanisms underlying these differences remain unresolved, and associations between
parasite infection and disease should not automatically be interpreted as evidence of
causation.

Taken together, the publications presented in this thesis demonstrate the importance of
integrating parasite identification with host ecology, environmental conditions and health-
related information. They also highlight several questions that remain central to my ongoing
research. We still have limited knowledge of which hosts maintain the transmission of many
gastrointestinal parasites, how frequently parasite lineages move between host species, and
why infections that appear well tolerated in some populations are associated with severe
disease in others. Addressing these questions will require further integration of molecular and
genome-wide approaches with ecological studies and information on host responses. This is
particularly important for understanding the emergence of pathogenic parasite populations and
for developing more effective approaches to disease management in endangered wildlife.

The broader conclusion of this habilitation is that gastrointestinal parasites need to be studied
as part of dynamic systems involving multiple hosts and their shared environments. A One
Health approach provides a useful framework for bringing these components together, but its
successful application depends on understanding the biology of the parasites themselves. By
combining increasingly detailed molecular identification with ecological and health-related
information, we can move beyond describing parasite diversity towards a better understanding
of the processes that determine parasite transmission and its consequences.

The publications included in this habilitation thesis represent research carried out in
collaboration with colleagues and students from different institutions and countries. My
contribution has varied among individual studies and has included the development of
research questions and study design, field sampling, parasitological and molecular laboratory
work, data analysis and interpretation, supervision of students and research activities, and
preparation of manuscripts. In several publications, particularly those arising from research
projects that | initiated and supervised, | was responsible for the overall scientific direction and
coordination of the work. In other studies, | contributed specific methodological expertise,
laboratory analyses or interpretation of parasitological findings within larger collaborative
projects. The following section therefore specifies my individual contribution to each of the 26
publications in terms of both its scientific content and the activities undertaken.
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