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ABSTRACT 

This PhD thesis presents the results of three subprojects focused on the research of so far understudied 

groups of the phylum Parabasalia. The previous research mostly focused on the parabasalids living in 

the guts of termites or on demonstrably pathogenic species. Surprisingly, there is only a little 

information about the impact of an increased contact of non-human primates with humans on the 

diversity of their intestinal trichomonads. Similarly, free-living trichomonads have been neglected for 

a long time, although they are likely crucial for understanding the evolution of Parabasalia as a whole. 

The diversity of the phylum Parabasalia is still poorly understood due to the brief and incomplete 

descriptions of many species, as well as a lot of missing sequence data. This doctoral project focused 

on the research of these hitherto understudied research areas. In the first subproject, a complete 

revision of the genus Hypotrichomonas was carried out, including the descriptions of six new species, 

some of which were found in previously well studied vertebrate hosts; these species must have been 

overlooked by the previous authors and the real diversity of intestinal trichomonads is certainly much 

higher than currently known. Because the most newly described species of Hypotrichomonas are 

readily cultivable, common, and host-specific, we consider this genus a valuable model for studying 

the host specificity of trichomonads. The second subproject focused on the diversity of intestinal 

trichomonads in free-ranging gorillas and chimpanzees, and humans cohabiting the forest ecosystem 

of Dzanga-Sangha Protected Area in Central African Republic. Our results showed that intestinal 

trichomonads are common in the gastrointestinal tract of African great apes. Moreover, both species 

were found to host different genotypes of Tetratrichomonas. Our results indicated that the level of 

contact among the examined hominids in the studied tropical ecosystem does not allow an easy 

exchange of intestinal trichomonads between different host species, unlike in zoological gardens. We 

also reported the first known intestinal tetratrichomonads from apparently healthy humans. In the 

third subproject, an unexpectedly large diversity of free-living trichomonads was discovered. We 

studied 45 new strains from various geographical areas and habitats, which represented fifteen 

species. We described seven new species, three new genera, three new families, and a new order (i.e., 

9th order of Parabasalia), whose representatives may have retained certain excavate features. Our 

submitted manuscript also contains the first more comprehensive information about the ecology of 

free-living trichomonads. According to the results of the project, Honigbergiella ruminantium and 

possibly also Tetratrichomonas prowazeki are the first known species of amphizoic parabasalids.   
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INTRODUCTION 

Parabasalia (parabasalids) represents a phylum of anaerobic, flagellated protists, which belong to 

Metamonada (Adl et al. 2019) and the supergroup Excavata (Cavalier-Smith 2002). Their classification 

within Excavata is based exclusively on molecular phylogenetic analyses (Hampl et al. 2009), since the 

parabasalids have lost all excavate features, particularly the ventral feeding groove. Instead, they 

possess a unique system of microtubular elements (Čepička et al. 2017). Parabasalia are traditionally 

divided into two groups, trichomonads and hypermastigotes, according to the cell structure. 

Trichomonads possess simple cells with up to six flagella, while hypermastigotes possess often giant 

cells with multiple flagella (Čepička et al. 2010, 2017). It has been shown that hypermastigotes have 

evolved many times independently from trichomonad-like ancestors, and thus neither trichomonads 

nor hypermastigotes are monophyletic (e.g., Hampl et al. 2004; Cepicka et al. 2010). Parabasalia is 

currently divided into eight orders (Čepička et al. 2010, 2017), but the overall phylogeny of this phylum 

is still poorly understood as well as the branching order among the major lineages and the position of 

the root of the parabasalid tree (see Čepička et al. 2017).  

 Parabasalia comprise approximately 450 described species (Adl et al. 2007), but the real 

diversity of Parabasalia is still poorly understood and numerous species await description (e.g., Cepicka 

et al. 2006; Céza et al. 2015; Singh et al. 2021). Parabasalids are mostly endobiotic beneficial symbionts 

or commensals of animals, but some species are parasites of domesticated animals and humans, and 

several free-living species exist as well. The previous research mostly focused on the parabasalids that 

live in the guts of termites or on pathogenic species, such as Trichomonas vaginalis, Histomonas 

meleagridis, or Tritrichomonas foetus. The diversity of trichomonads inhabiting vertebrates, especially 

hominids, has been largely understudied. The close phylogenetic relationship between non-human-

hominids and humans may result in high potential of pathogen exchange (Petrželková et al. 2020). 

Similarly, there was only a little information about the impact of an increased contact of non-human 

primates with humans on the diversity of their intestinal trichomonads (Ruhsmore et al. 2015; dos 

Santos et al. 2017; Petrželková et al. 2020).   

 Free living trichomonads represent the most neglected ecological group of parabasalids, 

although they are likely crucial for understanding the evolution of Parabasalia as a whole. Only six 

species of presumably free-living trichomonads have been discovered prior to this thesis, these species 

constitute four separate lineages within orders Honigbergiellida and Trichomonadida (Edgcomb et al. 

1998; Delgado-Viscogliosi et al. 2000; Čepička et al. 2010; Yubuki et al. 2010). It is believed that all 

previously described species of free-living trichomonads are secondarily free-living (Delgado-

Viscogliosi et al. 2000; Yubuki et al. 2010; Céza et al, submitted), but as the exact phylogenetic position 

of most of them has not yet been elucidated, it cannot be excluded that some free-living species are 



4 
 

deep-branching and primarily free-living (Noda et al. 2012). Such organisms are extremely important 

for understanding the origin of Parabasalia and the early evolution of Metamonada.  

 

AIMS OF THE DOCTORAL PROJECT 

→  To examine the diversity of the genus Hypotrichomonas and provide a complete revision of 

this group, including descriptions of new species and estimation of the host specificity within 

the genus.  

→ To analyse the diversity of intestinal trichomonads in free-ranging gorillas and chimpanzees, 

and humans cohabiting the forest ecosystem of the Dzanga-Sangha Protected Area in the 

Central African Republic in order to assess host specificity of trichomonads among related 

primate hosts.  

→ To examine the impact of an increased contact of non-human primates (gorillas and 

chimpanzees) with humans in the studied tropical ecosystem on the diversity of intestinal 

trichomonads among these hosts.  

→ To obtain new strains of free-living trichomonads from a wide variety of anoxic sediments and 

types of habitats and establish them in culture.  

→ To explore the diversity of free-living trichomonads at the morphological and molecular level. 
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SUMMARY OF THE DOCTORAL PROJECT 

In the first subproject (Céza et al. 2015), we carried out a complete taxonomic revision of the genus 

Hypotrichomonas. Prior to our study, five species of Hypotrichomonas had been described, but none 

of them, except for H. acosta (Moskowitz 1951), has been observed since its discovery. To examine the 

diversity of this neglected genus, we cultured 23 strains of hypotrichomonads from a wide variety of 

hosts, including frogs, tortoises, lizards, snakes, marsupials, pigs, rodents, cockroaches, and primates. 

We discovered and described 6 new species of Hypotrichomonas. Three new species have typical 

morphological features of hypotrichomonads, but the remaining three showed an unusual 

morphology, such as a highly reduced undulating membrane, missing free distal part of the recurrent 

flagellum, and, notably, a costa-like fiber underlying the undulating membrane. Some of the new 

species were found in previously well-studied vertebrate hosts and must have been overlooked by the 

previous authors. Our results indicate that the real diversity of the genus Hypotrichomonas is much 

higher than currently known. Since most Hypotrichomonas species were easily cultivated and host-

specific, we consider this genus a valuable model for studying the host specificity of trichomonads. 

The second subproject (Petrželková et al. 2020) focused on the diversity of intestinal 

trichomonads in free-ranging gorillas and chimpanzees, and humans cohabiting the forest ecosystem 

of the Dzanga-Sangha Protected Area in the Central African Republic. Between 2007–2011 were 

collected 201 faecal samples (151 gorillas, 12 chimpanzees, 37 humans, and a single goat) and created 

63 cultures from fresh faeces (43 gorillas, 18 humans a two chimpanzees). Trichomonads were 

detected in 23 % of the faecal samples and in 37 % of the cultured samples. We determined sequences 

of the ITS region from 60 hosts (45 gorillas, ten chimpanzees, four humans and one sequence from the 

goat). All sequences of the ITS region obtained from chimpanzees clustered within the “novel lineage 

2”, which mostly comprises isolates from chimpanzees (Smejkalová et al. 2012; Rushmore et al. 2014). 

In gorillas, we found two genotypes of trichomonads, each representing a new lineage of 

Tetratrichomonas. The most prevalent genotype (41 sequences) was identical to the GenBank 

sequence JX159965 obtained from wild gorillas in Camerooon (Hamad et al. 2014), the second one 

(four sequences) shared 99% similarity with an isolate from a French woman suffering from anorexia 

nervosa (Gouba et al. 2014). In addition, we reported the presence of intestinal tetratrichomonads in 

healthy humans for the first time; they belong to the Tetratrichomonas lineage 7 (from, e.g., pigs, 

domestic horse). The sequence from the goat branched within the Tetratrichomonas lineage 10, 

containing mostly trichomonads from cattle and tortoises (Cepicka et al. 2006). We determined also 

several SSU rRNA gene sequences of tetratrichomonads (three gorillas, two chimpanzees and one 

human). Their analysis confirmed the phylogenetic position of tetratrichomonads from chimpanzees, 

from a man as well the position of the more abundant genotype from gorillas. Our results showed that 
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intestinal trichomonads are a common part of the gastrointestinal fauna in African great apes. Both 

species of non-human primates (gorillas, chimpanzees) were found to constitently host different 

genotypes of Tetratrichomonas, indicating a high host specificity of their intestinal trichomonads. Our 

results indicated that the level of contact among the examined hominids in the studied tropical 

ecosystem does not allow an exchange of intestinal trichomonads between studied hominids, unlike 

in zoological gardens.  

 In the third subproject (Céza et al., submitted), we focused on uncovering the diversity of free-

living trichomonads and discovered an unexpectedly large diversity of these so far neglected group of 

parabasalids. Information on the diversity of free-living trichomonads has accumulated very slowly 

during the last decades and only six species have been described (Bernard et al. 2000; Bishop 1935; 

Cepicka et al. 2010; Farmer 1993; Hampl et al. 2007; Yubuki et al. 2010). We isolated and cultivated 45 

new strains of free-living trichomonads from various geographical areas and habitats in Europe, North 

America, Asia, and Africa. These strains represent 16 species and 12 genera, based on their light-

microscopic morphology and an SSU rRNA gene analysis. We described seven new species, three new 

genera, three new families, and a new order Pimpavickida (i.e., the ninth order of Parabasalia) (Céza 

et al., submitted). Most of our new species of free-living trichomonads represent several separate 

lineages within Honigbergiellida and Trichomonadida, but Pimpavickida represents a new deep lineage 

without affinity to any of currently known phylum of Parabasalia. Although no direct proof of free-

living nature exists so far, our evidence strongly suggested that at least several trichomonad lineages 

are exclusively free-living. We also provided the first detailed information about the ecology of free-

living trichomonads. Honigbergiella ruminantium and, possibly, also Tetratrichomonas prowazeki are 

the first known species of amphizoic parabasalids. We also detected an extensive variability in the 

number of anterior flagella in some species, possibly depending on the mode of the cell cycle of 

individual species. In Honigbergiella ruminantium, this variability might represent an adaptation to 

a wide range of viscosity of the environments, in which it is able to thrive. On the other hand, we 

cannot exclude variability of the flagellar number in mature cells, which would fundamentally change 

the value of the number of anterior flagella as a stable taxonomic character within trichomonads.  
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