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ABSTRACT

To compensate the lack of molecular-phylogenetic data on hindgut flagellates in Hungary, galli-
form birds were monitored in five regions for two years. Samples were collected from 11 turkeys
(from 4 flocks) and 9 pheasants (from 3 farm-raised flocks) suspected to have histomonosis. These
samples were molecularly and phylogenetically analysed. In nine turkeys, five 18S rRNA genes and
two ITS sequence variants of Histomonas meleagridis were identified. These variants were identical
between the caecum and liver of the same bird in most cases, but different 18S variants were
identified between sampling sites. In one turkey, an unnamed species, here designated as “Dien-
tamoebidae sp. HUN35”, was identified. Its 18S rRNA gene sequence was near-identical (99.6–
99.3%) to the sequence reported previously; and the ITS-1/5.8S/ITS-2 region confirmed a close
relationship with H. meleagridis and Dientamoeba fragilis. In one pheasant, Tetratrichomonas
gallinarum was detected. Different 18S rRNA variants had either identical or different ITS se-
quences, thus optimally, both should be used for molecular epidemiological studies. Our results
suggest the unnamed Dientamoebidae sp. has been present in Hungary since its first detection in
2010 and the host range of this species as well as that of T. gallinarum is broader than previously
thought.
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INTRODUCTION

The unranked group, Parabasalia (Ph: Metamonada) in-
cludes at least 500 known species of flagellate protozoa, the
majority of which are intestinal symbionts, commensals or
parasites of insects and vertebrates (Céza et al., 2022). In
vertebrate hosts, two orders, Trichomonadida and Tri-
trichomonadida, have the highest importance for veterinary
medicine. Although most species are harmless oral or in-
testinal commensals that can be found in fish, amphibians,
reptiles, birds and mammals, they live and multiply epi-
cellularly while associated with mucosal cells and this can
result in mild to severe pathogenic consequences (Cepicka
et al., 2016).

In avian hosts, some trichomonadids and tri-
trichomonadids are exclusively present in the gastrointes-
tinal tract as parasites or commensals in the oral cavity or
the hindgut, such as Trichomonas gallinae and Tri-
trichomonas eberthi, respectively (Amin et al., 2014). How-
ever, some other species, most notably Histomonas
meleagridis and Tetratrichomonas gallinarum in galliform
and other birds are able to penetrate the colon wall and thus
to reach viscera (usually the liver) via the blood stream (Hess
et al., 2015). Infection with H. meleagridis can result in high
mortality among turkeys, but it tends to affect other galli-
form birds less severely (Beer et al., 2022). At the same time,
the economic losses due to histomonosis appear to be
increasing since the withdrawal of “histomonocidal” drugs
from use in poultry reared for human consumption (Lieb-
hart et al., 2017).

Since trichomonadids can be relatively easily maintained
in culture, and their pathogenic effects (organ location and
type of the elicited lesions) are characteristic, methods have
been available to detect their infections for decades (Amin
et al., 2014; Hess et al., 2015). However, the availability of
molecular tools allowed a more sensitive and specific iden-
tification on the species level, as well as a more accurate
assessment of their taxonomy. Consequently, in the past few
years, several new trichomonadid species were discovered
(e.g., Girard et al., 2014; Martínez-Díaz et al., 2015).

From birds, the genetic diversity of various hindgut tri-
chomonadids was assessed and reported from a limited
number of countries in Eurasia, including H. meleagridis
from various western and central European countries (Bilic
et al., 2014), Dientamoeba fragilis in Anatolia (Yetismis
et al., 2022) and T. gallinarum in China (Feng et al., 2021).
Nevertheless, several papers on clinical cases involved a
single trichomonadid species from the same host species and
large-scale studies on histomonosis and/or trichomonadid
infection of domestic poultry, or other galliform/anseriform
birds were reported from western Europe and the northern
part of central Europe (Germany: Hauck et al., 2010; Popp
et al., 2011; Poland: Dolka et al., 2015; Falkowski et al., 2020;
France: Callait-Cardinal et al., 2010; The Netherlands: van
der Heijden and Landman 2011). A few studies also targeted
wild, wetland-associated bird species (The Netherlands:
Landman et al., 2021) or ducks kept in zoo (Germany:
Richter et al., 2010).

Although samples of chickens from Hungary have been
used in international molecular studies on histomonosis
previously (Zaragatzki et al., 2010; Bilic et al., 2014), the
molecular diversity of H. meleagridis and Tetratrichomonas
species has not been examined in this country until now.
The aim of this study was to compensate for this lack of
data, i.e., to obtain molecular-phylogenetic update on
hindgut flagellates of turkeys and pheasants in Hungary.
This can be regarded as an attempt and an initiative highly
relevant to the southern and eastern part of Europe or even
in a broader geographical context, because studies on his-
tomonosis and Tetratrichomonas-infection in poultry are
almost exclusively reported from countries north or west of
Hungary.

MATERIALS AND METHODS

In this study, postmortem samples (caecal wall, liver paren-
chyma), or faeces were collected from 11 turkeys and 9
pheasants from five sampling sites (Table 1), that were
suspected to have a Trichomonadida infection during
veterinarian care or supervision in a two-year-long period
(between June 2021 and May 2023). For turkeys, the birds/
carcasses were collected from the flock on a given collection
day in each of the four flocks. Pheasant faecal samples were
collected from the ground of the bird housing areas at three
different locations. During the pathological inspection, le-
sions characteristic of histomonosis were seen in the caecum
and/or the liver of 5 turkeys. Tissue samples were collected
from all clinically suspected carcasses and were kept frozen
at �20 8C until processing.

DNA was extracted from tissues and faecal samples with
the QIAamp DNA or Fast Stool Mini Kit (Qiagen, Hilden,
Germany), following the manufacturer’s instruction and
including extraction control (180 μL tissue lysis buffer) in
each set of samples to monitor cross-contamination. In total,
28 DNA extracts and 4 extraction controls were screened for
trichomonadid parasites with conventional PCRs (PCR-A:
Histomonas-Dientamoeba-Tetratrichomonas 18S rRNA
gene; PCR-B: Histomonas-Dientamoeba ITS nested; PCR-C:
Dientamoeba-Tetratrichomonas ITS) (van der Heijden et al.,
2006; Bart et al., 2008; Bilic et al., 2014; Landman et al.,
2019) (Table 2). In each PCR, 5 μL of extracted DNA was
added to 20 μL of reaction mixture containing 1.0 U HotStar
Taq Plus DNA Polymerase (5 U/μL) (Qiagen, Hilden, Ger-
many), 0.5 μL dNTP Mix (10 mM), 0.5 μL of each primer
(50 μM), 2.5 μL of 103 CoralLoad PCR buffer (15 mM
MgCl2 included) and 15.8 μL PCR grade water. In all PCRs,
sequence-verified positive controls were used. In order to
complement the molecular results from turkeys and pheas-
ants with T. gallinarum from chickens, a positive control
sample was included in the molecular analysis of the 18S
rRNA gene: this sample was originally collected in Poland
(Zielona Gora) and maintained in culture in modified
Dwyer’s medium (van der Heijden and Landman 2007) at
41 8C.
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Table 1. Data of sample origin by DNA (isolate) code the and results of molecular analyses. PCR codes are shown according to Table 2

Host (number
of individuals)

Origin and DNA/isolate code

Date (day-
month-year) Origin

Results of PCR
and sequencing

GenBank accession numbers

Liver Caecum Faeces
18S rRNA

gene (PCR-A)
ITS-1 –5.8S – ITS-2
nested (PCR-B)

ITS-1 – 5.8S –ITS-2
(PCR-C)

Turkey (Meleagris
gallopavo) (n 5 11)

HUN2p HUN1p – 07-2021 Jászalsószentgyörgy H. meleagridis PP853592 PP851383 ns
– KP1Vp – 07-08-2022 Ócsa H. meleagridis PP853593 ns
– KP2Vp H. meleagridis ns
– NPVp H. meleagridis PP851384 ns

HUN7p HUN12p – 13-10-2022 Ócsa H. meleagridis PP851383 ns
HUN8 HUN13 H. meleagridis ns
HUN9 HUN14 H. meleagridis ns
HUN10 HUN15 H. meleagridis PP853594 ns
HUN11 HUN16 H. meleagridis PP853595-6 ns ns
HUN35 HUN36 – 04-2023 Ócsa Dientamoebidae sp. PP853597 ns PP853600
HUN37 HUN38 negative – – –

Pheasant (Phasianus
colchicus) (n 5 9)

– – HUN4/A-G 06-06-2022 Tarnaszentmiklós negative – – –
– – HUN5 31-08-2022 Ásotthalom negative – – –
– – HUN6 29-08-2022 Nagykőrös T. gallinarum PP853598 ns ns

pthese samples were collected form birds with lesions characteristic of histomonosis.
Abbreviations: H – Histomonas, T – Tetratrichomonas, ns – not successful.

Table 2. Data of PCRs used in this study: target gene, oligonucleotide (primer) sequences and parameters of 40 cycles

PCR
code Target group

Target gene
(amplicon size) Oligonucleotides (50-30)

Initial
denaturation

Cycle
denaturation

Cycle
annealing

Cycle
extension

Final
extension Reference

A Histomonas- Dientamoeba-
Tetratrichomonas

18S rRNA gene
(603 bp)

18S-F (GCA GTT AAA
ACG CTC GTA GTC)

95 8C, 5 m 95 8C, 30 s 53 8C, 40 s 72 8C, 1 m 72 8C, 10 m Bilic et al. (2014)

18S-R (AAC GCT AGA
CAG GTC AAC CC)

B Histomonas-Dientamoeba ITS outer
(320-380 bp)

TRICHO-F (CGG TAG
GTG AAC CTG CCG TT)

95 8C, 5 m 95 8C, 30 s 58 8C, 40 s 72 8C, 40 s 72 8C, 7 m Duboucher et al. (2006),
Landman et al. (2019).

TRICHO-R (TGC TTC
AGT TCA GCG GGT CT)

ITS nested
(340 bp)

TRICHO-FBIS (GGT GAA
CCT GCC GTT GGA TC)

95 8C, 5 m 95 8C, 30 s 58 8C, 40 s 72 8C, 40 s 72 8C, 7 m

TRICHO-RBIS (TCA GTT
CAG CGG GTC TTC CT)

C Dientamoeba-
Tetratrichomonas

ITS (350 bp) Histo-ssu2 (GGA ATC
CCT TGT AAA TGC GT)

95 8C, 5 m 95 8C, 30 s 55 8C, 40 s 72 8C, 40 s 72 8C, 7 m
Bart et al. (2008)

Histo-5.8s1 (TGT GAG
GAG CCA AGA CAT CC)
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Purification and sequencing of the selected PCR products
were done by Eurofins Biomi Ltd. (Gödöllő, Hungary).
Obtained DNA sequences were manually edited using the
BioEdit program, then compared to each other and with
GenBank sequences using the nucleotide BLASTn program
(https://blast.ncbi.nlm.nih.gov). New sequences were sub-
mitted to GenBank (accession numbers: PP853592-
PP853599 for the 18S rRNA gene, PP853600, PP851383-
PP851384 for the internal transcribed spacer (ITS-1 – 5.8S
rRNA gene – ITS-2) region). All sequences retrieved from
GenBank had (nearly) 100% coverage with sequences
generated in this study and were trimmed to the same length
prior to phylogenetic analysis. This dataset was resampled
1,000 times to generate bootstrap values. Phylogenetic ana-
lyses were conducted with the neighbour-joining method,
p-distance model using MEGA 11 (Tamura et al., 2021).

RESULTS

In nine of the 11 turkeys, sampled during summer or autumn,
H. meleagridis was identified with PCR-A (Table 1). Based on
a 545-bp-long part of the 18S rRNA gene, five sequence
variants (PP853592-6) were detected, which differed in up to
3 nucleotides (meaning 99.4–100% identity). These variants
were 100% identical in the caecum and liver samples of the
same bird in four turkeys but differed in a single nucleotide in
one case. Different 18S sequence variants were identified in
both sampling sites (i.e Jászalsószentgyörgy and Ócsa), but
either identical or different 18S sequence variants were also
detected on separate dates at the same location (e.g. same
sequence variant, PP853593, collected on 07-08-2022 and 13-
10-2022 at Ócsa; different sequence variants, PP851383 and
PP851384, collected on the same date, 07-08-2022 at Ócsa)
(Table 1). However, H. meleagridis collected in Hungary
showed a more pronounced, 2-5 bp difference in its 18S
rRNA gene sequence when compared to isolates reported
from Austria (AJ920323) and France (AF293056, EU647884,
EU647887), with only 99.1–99.6% similarity. This was also
confirmed phylogenetically, because the 18S rRNA gene se-
quences from this study clustered separately from the above
isolates, i.e., those reported in Western European countries.
These differences between the 18S rRNA gene sequences from
this study and a laboratory strain from Austria (AJ920323)
always showed single nucleotide polymorphism (SNP) located
on the same sites (positions 807 and/or 864, and 879 as well
as 1039 of the latter) and a switch of G to A.

The ITS region of H. meleagridis was successfully
amplified with PCR-B (PP851383-PP851384) and showed a
single nucleotide difference (i.e., 99.6–100% identity) be-
tween the samples of this study (Table 1). Interestingly,
different 18S rRNA gene variants had either identical (e.g.,
HUN2 and HUN7) or different ITS sequences (HUN2 vs
NPV). The predominant Hungarian variant of H. melea-
gridis was 97.3%–100% identical to conspecific sequences
reported from Germany (e.g., HM229780 to HM229784)
and the USA (e.g., HQ334183 to HQ334189). In the lack of
sequences of the corresponding region with high coverage

from further trichomonadids in GenBank, phylogenetic
analysis could not be performed.

In one turkey sampled in the springtime, an unnamed
species (designated here as “Dientamoebidae sp. HUN35”)
was identified with PCR-A and C assays (Table 1). The 18S
rRNA gene sequence of this species (PP853597) had the
highest, 99.6% (542/544 bp) identity to a Dientamoebidae
sp. 10/1711 DNA sequence (HG008099) reported from
chicken sampled in Hungary in 2010, and a lower, 99.3%
(540/544 bp) identity to another variant from turkey
sampled in 2009 in France (HG008100, Dientamoebidae sp.
9-5-32). At the same time, Dientamoebidae sp. HUN35
showed only 93.9% (522/556 bp) identity to H. meleagridis
(AJ920323) and their phylogenetic relationships reflected
that they are sister species (Fig. 1). In addition, the ITS re-
gion of this unnamed species (PP853600) was also success-
fully identified with PCR-C (Table 1). Based on this, its
clustering with D. fragilis (human isolate from the UK;
JQ677164) received moderately strong (81%) bootstrap
support on the phylogenetic tree (Fig. 2).

In one of the nine pheasants, T. gallinarum was identi-
fied (Table 1). The corresponding 18S rRNA gene sequence
(PP853598) had the highest, 99.8% (556/557 bp) identity
with T. gallinarum isolate “rooster2” reported from chicken
(JX565085), duck (AF124608), swan (AY245112) and a
human (AY247749). Their clustering in one phylogenetic
group was strongly supported (Fig. 1). However, amplifica-
tion of the ITS region of this species was not successful.

DISCUSSION

This study compensates for the lack of the molecular-
phylogenetic analysis of hindgut flagellates of turkeys and
pheasants in Hungary. Nevertheless, a few samples obtained
from chickens in Hungary (dating back to 2010) were used
for similar purposes in an international study (Bilic et al.,
2014) in which the 18S rRNA gene of an undescribed
Dientamoebidae species was detected in a chicken sample
from this country. These previous findings highlight the
importance of this region in the above context of hindgut
flagellates, and we confirmed the prolonged presence of an
unnamed Dientamoebidae species, this time in turkey.

First, a fragment of the 18S rRNA gene, which is the
most frequently used genetic marker in genotyping proto-
zoan parasites, was simultaneously amplified and analysed
here for three hindgut flagellates from two galliform bird
species as hosts. It is noteworthy that the three trichomo-
nadid parasites compared in this study have different host
spectra and this might have had an impact on their genetic
polymorphism. In particular, H. meleagridis and T. gallina-
rum can both cause fatal typhlohepatitis in galliform birds
(Liebhart et al., 2014; Beer et al., 2022), but the latter more
frequently affects anseriforms (Richter et al., 2010; Falkowski
et al., 2020). While H. meleagridis is not known to cause
infection in vertebrates other than birds, mammals (even
primates) are among the potential hosts of T. gallinarum
and closely related species (Kutisova et al., 2005; Smejkalová
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et al., 2012). At the same time, although D. fragilis is
essentially a human parasite, it has also been demonstrated
to pass from birds (Yetismis et al., 2022). Nowadays,
D. fragilis is considered as an emerging pathogen of humans

(Guadano-Procesi et al., 2024). However, it has not been
studied since the discovery of its close relative, Dien-
tamoebidae sp. in samples from Hungary and France for the
first time more than a decade ago.

Fig. 1. Phylogenetic tree of trichomonads based on 18S rRNA gene sequences. In each row, after the species or genus name, the isolation
source and the GenBank accession number are shown. Sequences obtained in this study are in red and bold accession numbers. The

evolutionary history was inferred using the neighbour-joining method. The scale-bar indicates the number of substitutions per site. The
evolutionary distances were computed using the p-distance method. This analysis involved 49 nucleotide sequences. There was a total of 553

positions in the final dataset. Evolutionary analyses were conducted in MEGA11
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In this study, the 18S rRNA gene sequences of
H. meleagridis were mostly identical when obtained from the
caecum or the liver of the same bird, but it also presented as a
mixed infection with different variants. There was no clear
spatiotemporal difference in the occurrence of 18S variants,
although the limited sample size did not allow a final
conclusion in this respect. In particular, the 18S rRNA gene
sequence variant was predominantly (but not exclusively)
identical among the samples obtained at the repeatedly
sampled site (Ócsa), but differed from the other sampled site
(Jászalsószentgyörgy) (Table 1). The 18S rRNA gene sequence
identity of H. meleagridis within the same sampling site can
be explained by local, short-distance routes of transmission,
e.g. with dust, as also reported in Austria and in France
(Sulejmanovic et al., 2017, 2019). However, different 18S
rRNA gene sequence variants were also shown to be present
at the same location, probably owing to the long-distance
spread of this parasite via animal trading. This finding is
slightly different from the previous observation that a single
sequence variant was detected among all samples belonging to
the same flock (Bilic et al., 2014). At the same time, 18S rRNA
gene sequences obtained from samples collected in Hungary
clustered phylogenetically separately from others reported
from other countries, i.e. from Austria and France
(AF293056, AJ920323, EU647887, EU647884) suggesting that
certain variants might be endemic to a peculiar geographical
region where international turkey trading is restricted. The
observation of SNP in certain positions among variants and
the same G-to-A switch might also indicate paralogs, i.e., that
multiple copies of the 18S rRNA gene in the same genome are
different (e.g., as a result of point mutations affecting the same
loci). A similar phenomenon was reported in other genes of
the H. meleagridis genome (Shinde et al., 2024).

On the other hand, the findings were different for the
second genetic marker ITS-1– 5.8S – ITS-2 analysed here.

While the relative proportions of the ITS-1 region tends to be
conserved in H. meleagridis (van der Heijden et al., 2006), SNP
have been detected even among sequences originating from the
same H. meleagridis clonal culture (Bilic et al., 2014). In this
study, ITS sequences were consistent between different 18S
rRNA genotypes, except for one case where 18S rRNA gene
variants differed in this region. At the same time, when
comparing sequences from this study to those from previous
reports, a higher ratio of heterogeneity was observed in the ITS
region (up to 2.7%) than in the 18S rRNA gene (below 0.9%);
and similar rates of genetic variation were demonstrated on
smaller and larger geographical scales (within Central Europe
or between Europe and North America). This may indicate that
there is no geographical pattern in heterogeneity in relation to
distance, probably due to the commercial trade of turkeys.

In the examined turkeys, an undescribed Dien-
tamoebidae sp. (isolate HUN35) that is closely related to
H. meleagridis, was also detected. This species was previ-
ously reported in an Austrian study from chicken sampled
in Hungary, but only based on one genetic marker, the 18S
rRNA gene (Bilic et al., 2014; Liebhart et al., 2014). It may be
relevant to note that the search for genetic variation in the
closely related species, D. fragilis was based on the 18S rRNA
gene, which was not considered useful for molecular
epidemiology (Bart et al., 2008). However, the ITS region
was found to be highly variable. For instance, it was shown
that human individuals within a family can be infected with
the same or different strains of D. fragilis. It was concluded
that the ITS region can serve as a molecular epidemiological
tool for the subtyping of D. fragilis (Bart et al., 2008). This is
the first study where the ITS region of this unnamed
Dientamoebidae sp. (isolate HUN35) was successfully
amplified and phylogenetically analysed. This genetic
marker confirmed its taxonomy on the family level, i.e., that
it is closely related to both H. meleagridis and D. fragilis.

Fig. 2. Phylogenetic tree of trichomonads based on ITS-1 – 5.8S – ITS-2 sequences. In each row, after the species or genus name, the
isolation source and the GenBank accession number are shown. Sequences obtained in this study are in red and bold accession numbers.
The evolutionary history was inferred using the neighbour-joining method. The scale-bar indicates the number of substitutions per site. The
evolutionary distances were computed using the p-distance method. This analysis involved 15 nucleotide sequences. There was a total of 234

positions in the final dataset. Evolutionary analyses were conducted in MEGA11
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No pathological lesions were observed in the turkey
infected with Dientamoebidae sp. HUN35, this was also true
in the case of several other birds infected with H. meleagridis
in this study. Therefore, based on the present results, the
pathogenic role (if any) of this tentatively named new spe-
cies cannot be completely excluded.

In this study, only T. gallinarum was shown to be present
in pheasant. Although T. gallinarum was already reported in
this host (Cepicka et al., 2005), corresponding sequences were
not available in GenBank prior to this study. The pathological
lesions caused by T. gallinarum in the caecum and the liver
are very similar to those elicited by H. meleagridis, especially
in turkeys (Ayan, 2020). Therefore, the molecular identifica-
tion is very useful in distinguishing these two species. For this,
the DNA sequence provided here may serve as an initiative
for genotyping T. gallinarum in other galliform hosts in
which it occurs less frequently than in anseriform birds
(Richter et al., 2010). This is especially important to consider
for future large-scale studies, because previous results suggest
that some species of the birds might be susceptible to a
particular strain of T. gallinarum (Liebhart et al., 2014).

In summary, based on the isolates we analysed, there was
no consistency between the two evaluated genetic markers
(i.e., individuals sampled on different dates). Therefore, opti-
mally, the 18S rRNA gene and the ITS region should be used
simultaneously for molecular epidemiological or subtyping
studies. The unnamed Dientamoebidae sp. is still present
(endemic) in Hungary, and the host range of this species as
well as that of T. gallinarum is broader than previously
thought, now including the turkey and the pheasant, too.
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