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ABSTRACT

Tetratrichomonas gallinarum is a protozoan parasite of various galliform birds causing a type of enterohepatitis
termed tetratrichomoniasis. During the year 2018-2019 an outbreak of unspecified granulomatous diseases,
characterized by the sudden deaths of young turkeys were observed in 18 turkey farms in the Van province of
Turkey. Three hundred eighty fecal samples were obtained from the infected farms and 42 tissue samples (liver and
caecum) collected from the dead turkeys were examined under light microscope and through molecular
characterization. The necropsies of dead turkeys revealed granulomatous necrotic foci in the caecum and liver. A
number of 125 (32.89%) fecal samples and all of the 42 (100%) tissue samples were found positive for T.
gallinarum by molecular characterization. The sequence analysis for both fecal and tissue samples were confirmed
with T. gallinarum (MH935510) those showed 97.9% similarity on the ‘Basic Local Alignment Search Tool’. This
is the first molecular characterization report of T. gallinarum in Turkey.

Keywords: Tetratrichomonas gallinarum, Molecular characterization, Turkey

INTRODUCTION

There are two major parasitic agent that cause granulomas in turkeys; Tetratrichomonas gallinarum and Histomonas
meleagridis. There are also certain bacterial diseases that cause granuloma, where it was reported that the
granulomas are not observed only in the liver and caecum, but also the other organs, (Landman et al. 2016).
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Tetratrichomonas gallinarum is a trichomonad flagellate protozoan, most commonly found in the cecum of
galliform and aneseriform birds (Burns et al. 2013). It was first described in 1911 (Martin and Robertson, 1911) and
was named Trichomonas gallinarum (Allen, 1940) and renamed T. gallinarum (Honigberg, 1963).

T. gallinarum is commonly observed in the ceca of gallinaceus birds. It is often mixed with Histomonas meleagridis.
Standard methods such as the analysis of cecal smear used in the diagnosis of H. meleagridis lead to its confusion
with T. gallinarum or to negative diagnoses (Hauck et al. 2010). Tetratrichomonas species that are doubtful in
various bird species were reported. Tetratrichomonas gallinarum in chickens, turkeys, and quails, T. anseris in
geese, T. anatis in ducks, T. phasiani in pheasants, T. corvus in crows, and Tetratrichomas sp. species in budgerigars
are reported with certainty (Friedhoff, 1991). Tetratrichomonas species in different bird species were not the same
and these were host-specific, however this view was challenged by other researchers, who managed to create
successful experimental infections in anseriform and galliform birds and utilized molecular typing (Hegner, 1929;
Kulda et al. 1974; Cepicka et al. 2005).

The pathogenicity of T. gallinarum is controversial, and it may vary based on the host (Richter, 2010). It was
reported that it leads to lethal enterohepatitis in turkeys (Hadley, 1916). Cepickaet al. (2005) indicated that the
pathogenicity and virulence of T. gallinarum varies based on the genotype and claimed that there are strains of this
species that lead to cryptic diseases. Other parasitic diseases such as Eimeria and Histomonas and bacterial
Infections such as or Escherichia coli and the youth of the host increase the pathogenicity of Tetratrichomonads
(Norton, 1997; McDougald, 2005; Richter et al. 2010).

By using conventional diagnosis methods such as the cecal smear technique, it was difficult to differentiate between
T. gallinarum and H. meleagridis, which often lead to false diagnoses (Hauck, 2010). Based on this granulomatous
disease by T. gallinarum, this study was conducted to investigate about the reason of mortality observed in turkey
farms by using molecular methods from Van province in Turkey.

MATERIALS AND METHODS

Sample collection and macroscopic examination: The study was conducted in Van province in Turkey, which is
located in Eastern part of Turkey (Fig. 1).

Bulgaria

Black Sea Georgia

Mediterranean Sea

- Outbreak area of Tetratrichomonas gallinarum

Figure 1. Map of Turkey showing the outbreak area of avian granuloma in Van province by Tetratrichomonas
gallinarum. In 2018-2019, an epidemic illness that led to mortality in 18 turkey farms, especially among young
animals, was observed at a turkey farm in Van province, Turkey.

The rationale for this specific area was due to sudden death observed in 18-turkey farms occurred during 2018 to
2019. About 1.0 x 0.5 cm sized tissue of liver and caecum was collected from each of 21 turkeys died suddenly and
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a number of 380 fecal samples were randomly collected from infected turkey farms irrespective of their age, sex,
and growth status. The samples were transferred to the laboratory and were kept at +4°C for extraction of DNA.

Molecular examination

DNA extraction

Tissue samples of liver and caecum were processed for the extraction of DNA using ‘Nucleic Acid Extraction Kit’
(GF-1, Cat: GF-TD-050, Vivantis), while fecal samples were processed using ‘Mini-stool kit” (QlAampFast, Cat.
51604, Qiagen, Germany) for the extraction of DNA according to the manufacturer’s instructions. The extracted
DNA was identified as 18S SSU rRNA gene for Tetratrichomonas and Histomonas.

PCR

The 18S SSU rRNA gene region from Tetratrichomonas spp. and Histomonas spp. was amplified using HIS5F (5°-
CCTTTAGATGCTCTGGGCTG-3") and HIS5R (5’-CAGGGACGTATTCAACGTG-3") primers (Huber et al.
2005). For this purpose, DNase/RNase free distilled water (Gibco Thermo Fisher Scientific, Waltham, MA USA),
1X Buffer (SolisBioDyne, Tartu, Estonia), 0.75 mM MgCI2 (SolisBioDyne, Tartu, Estonia), 120 uM dNTP
(SolisBioDyne, Tartu, Estonia), 10 pmol Forward primer, 10 pmol Reverse primer, 0.5 U Taq DNA polymerase
(SolisBioDyne, Tartu, Estonia) and 4-100 ng DNA samples were used to obtain the final volume of 25 pL. The
reaction was evidenced in an Eppendorf Master cycler® brand automatic Thermalcycler device. The reaction phases
included 15.0 minutes pre-denaturation at 95°C, 1.0 min denaturation for each cycles at 95°C, 1.0 min annealing at
59°C, 1.0 min elongation at 72°C and 40 cycles were conducted for 5.0 min during final elongation cycle at 72°C
(Huber et al. 2005). For gel electrophorese, 1.5% agarose gel was prepared and stained with Safe-T-Stain.
Subsequently, PCR products were run in the agarose gel and images were obtained with the gel-imaging device
(Syngene bio imaging system).

DNA sequence and phylogenetic analysis

The study was conducted with a PCR method that targeted the T. gallinarum 18S SSU rRNA gene. The sequencing
was conducted in PCR products ABI 3130 (Applied BioSystems) genetic analyzer with bidirectional BigDyeTM
terminator sequence kit (Ver 3.1 Applied BioSystems, Forster City, CA) and HIS5F and HIS5R primers. As a result
of the sequencing procedure, approximately 181 bp 18S rRNA sequences were obtained. The sequence analysis and
alignment of the sequences were performed with the Bioedit software (Hall, 1999). National Center for
Biotechnology Information (NCBI) data was used for primer blast and for similarity studies. The resulting gene
sequence was named according to the GenBank terminology and was recorded with MH935510 accession number.
The smallest Bayesian Information Criterion (BIC) value was determined with the Jukes-Cantor+Gamma
distribution (JC+G) method by modeling it in the MEGA version 7 software (Kumar et al. 2016) in order to
determine the relationship between the sequences of the protozoa in trichomonadidae family obtained from the
GenBank and the present sequences study. To observe the phylogenetic relationships between individuals, a
phylogenetic tree was plotted with Maximum Likelihood method and the divergence rates was estimated using
pairwise fixation index (Fst) distance matrices.

Ethical considerations
All the procedures involved in the study were approved by the local ethics committee of Van Yuzuncu Yil
University, Van, Turkey vide letter No. VAN YUHADYEK/2018/07 dated 26 July 2018.

RESULTS

Macroscopic observation: In the present study, the disease-causing agents were isolated from turkey farms of Van
province in Turkey, where the mortalities were observed. Clinical signs i.e. asthenia and fatigue were observed in
the symptomatic birds. These symptoms were more common among young turkeys as compared to the adults. None
of the birds exhibited the blackhead appearance. The post-mortem examination of the birds showed multifocal
granulomatous necrosis foci in both of liver and caecum samples. Furthermore, caecum content of the turkeys was
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sanguine, and the caecum wall was thick (Fig. 2A). Yellow and cream-colored miliary lesions were observed in the
liver tissue (Fig. 2B).

Figure 2. Gross lesions in visceral organ of domestic turkeys (Meleagris gallopavo) causing by Tetratrichomonas
gallinarum. A) Bloody and inflamed caecum. B) Multifocal granulomatous necrosis on the liver.

Molecular detection and phylogenetic analysis of Tetratrichomonas gallinarum: Molecular analysis were conducted
in both feces and tissues samples. PCR demonstrated that 181 bp fragments were obtained from 32.89% of the total
number of fecal samples (125/380). All of the liver and cecum tissues (42) were infected with Tetratrichomonas spp.
A randomly picked product of PCR from each of liver and cecum tissues, showed 100% similarity between the liver
and fecal genes sequence. Alignment analysis resulted a similarity of 97.9% to the T. gallinarum identified in
rooster from Philippine (JX565083, JX565085) and of goose from Germany (JN619423) when compared with them.
The sequence of the liver tissue sample was registered in Gen-Bank with an accession No. MH935510 and
alignment with the existing sequences from Philippine, Germany, and Czech in the Rooster, goose and chicken,
registered in Gen-Bank with accession No. JX565085, JX565083, JN619423, AY?245113, respectively. In addition,
five Trichomonas spp. isolated from various regions (China, Czech, Iran, Philippine and USA) and hosts (Human,
dog, pigeon and dove) registered in GenBank with KM603351, KX977495, KX353940, JX943581, EU215370,
respectively.? As an out-group, Histomonas meleagridis was also included. The phylogenetic tree constructed by the
Maximum Likelihood method showed two clades supported by 1000 bootstrap (Fig. 3A). The first clade showed the
genus Tetratrichomonas group that include with the sequence isolated from the liver tissue sample (MH935510).
The divergence rates based on the analysis of the pairwise fixation index (Fst) values/percentage. ldentification
indicated that our samples showed similarity with T. gallinarum and resulted in p-distance in 0.022-0.046 and 95.6-
97.9% respectively, (Fig. 3B).
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Figure 3. Molecular characterization analyses for Tetratrichomonas gallinarum found in Domestic Turkeys
(Meleagris gallopavo) from Turkey.

A). Maximum Likelihood tree of Tetratrichomonas gallinarum from Turkey in VVan province in Turkey, constructed
under a Jukes and Cantor plus gamma (JC+G) distribution site model of DNA substitution with variance estimation
(1000 Bootstrap replication), based on 18S SSU rRNA gene sequences(181 bp) and H. melegradis as an outgroup.

Scale bar indicates for every 100 nucleotides two nucleotides changes (0.02 substitutions per base pair).
B). Pairwise fixation index (Fst) for T. gallinarum populations in different hosts from Turkey and other countries
using nucleotide data of the 18S SSU rRNA gene and the percent of nucleotide sequence identity.

Discussion

Tetratrichomonas gallinarum is a flagellated protozoon prevalent in the digestive system of different poultry species
around the world. Since this protozoon is often accompanied by H. meleagridis in mixed infections, the diagnosis
may be inconsistent. Kemp and Reid, (1965) were the first to address this case. The agents may be present in the
lesions; however, the identification of flagella and wavy membranes is not a reliable with conventional smears and
histopathological examinations. Therefore, advanced diagnostic applications such as In situ hybridization (ISH) and
PCR were introduced and are extremely sensitive and reliable in diagnosis. These methods are particularly
significant in the diagnosis of factors that cause similar pathologies. The 18S rRNA gene sequence and internal
transcribed regions 1-2 (ITS1-5.8SrRNA-ITS2) locus analyses conducted after the traditional PCR provide definite
results in the diagnosis of T. gallinarum (Liebhart et al. 2014).

Methods based on the nucleotide sequence of rRNA allow precise and accurate diagnosis of different agents with
flagella. (Grabensteiner and Hess, 2006). Grabensteiner and Hess, (2006) and Hauck et al. (2010) argued that
molecular methods were essential for the diagnoses of T. gallinarum and H. meleagridis. In the present study both
conventional and molecular methods were used. No definitive diagnosis was obtained in smear examination;
however, the agent was identified with the sequence analysis of the DNA samples obtained from the samples
examined with PCR method.
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To amplify the 185 SSU rRNA gene region, HIS5F (50-CCTTTAGATGCTCTGGGCTG-30) and HIS5R (50-
CAGGGACGTATTCAACGTG-30) primers, previously used by Huber et al. (2005) were used in the present study.
According to the above-mentioned researchers, these primers can be used in the diagnosis of Histomonas and
Tetratrichomonas. The identification of the agents is performed based on the bp size of the amplified gene region. In
the present study, 181 bp wide bands that demonstrated the presence of T. gallinarum in the augmented gene region
were determined with PCR method.

There are controversial views on T. gallinarum pathogenesis, the most important reason being that the protozoon is
mostly accompanied by other protista such as Blastocystis and Histomonas (Tyzzer, 1919; Allen, 1936). The studies,
which argued that T. gallinarum was not a pathogen, claimed that there could be a problem in the ethology of the
agent or there could be mixed infections (Delappe, 1957; Kemp and Reid, 1965; Kulda et al. 1974). In a study
conducted by Amin et al. (2011), it was argued that T. gallinarum was not a pathogen. Furthermore, they reported
that they did not observe any clinical symptoms and lesions in the organs in studies conducted with T. gallinarum
infected turkeys and pathogen free chickens. Also, in a study conducted on Trichomonas gallinae and T. gallinarum
cell cultures, Amin et al. (2012) reported that the cytotoxic action of T. gallinarum was lower than that of T.
gallinae. In contrast, there are studies that reported pathogen lesions induced by T. gallinarum infection in chickens,
turkeys, ducks, partridges, mockingbirds, ibis and pelicans (Allen, 1936; Wichmann and Bankowski, 1956; Patton
and Patton, 1996; Richter et al. 2010; Burns et al. 2013; Laing et al. 2013; Liebhart et al. 2014). A significant study
that reported T. gallinarum as a pathogen was conducted by Cepicka et al. (2005). Cepicka et al. (2005) investigated
the genetic correlation between T. gallinarum isolates isolated in human oral cavities and twentynine T. gallinarum
isolates obtained from eight bird species. They categorized the T. gallinarum isolates obtained from birds in five
groups between A and E and reported that the isolates obtained from humans and the isolates in A2-B2 avian
subgroups were genetically identical and these were both pathogens and zoonoses. Also, the same authors argued
that T. gallinarum could alter biological characteristics and further detailed studies should be conducted on T.
gallinarum. Kutisova et al. (2005) identified T. gallinarum isolates in the samples obtained from the bronchi and
oral cavities of individuals with various lung problems. They suggested that T. gallinarum-like tetratrichomonates
were zoonoses and had a broad host spectrum. In the present study, the mortality factors in turkeys in Van region
using various parasitic methods and only T. gallinarum was identified in the turkeys. Based on the study findings,
we believe that T. gallinarum is pathogenic and may induce lethal typhlo hepatitis.

Tetratrichomonas gallinarum is located in the distal digestive system (caecum and rectum). Similar to H.
meleagridis, it induces inflammation and lesions in the liver and caecum. Allen, (1941) reported differences between
T. gallinarum and H. meleagridis lesions. T. gallinarum lesions were cheesy, granular and cream colored, especially
the lesions on liver surface were observed as well-limited crests on the liver surface. Landman et al. (2016)
investigated a outbreaks of granuloma disease with high mortality in chicken farms in the Netherlands in 2013. As a
result of that study, granuloma-like liver and necrosis foci in cecum were observed in all necropsy samples. In the
PCR analysis conducted on the samples in that study, Blastocystis sp. and T. gallinarum agents were identified.
They investigated the pathogenicity of these agents by culturing these agents and inoculating them to pathogen free
hens and reported that T. gallinarum induced liver granulomas and lesions in the caecum and led to mortality. In the
present study, dense cheesy granular and cream-colored necrosis foci were observed in the necropsy of the samples
obtained from turkey farms where mortalities were observed and the findings were consistent with those reported by
Landman et al. (2016) and Allen, (1941).

Tetratrichomonas gallinarum was not only symptomatically more or less similar with H. meleagridis, but also the
mixed infection with H. meleagridis and T. gallinarum reported to occur frequently (Richter et al. 2010; Landman et
al. 2019). Several researches argued that molecular methods were essential for the differential diagnoses of T.
gallinarum and H. meleagridis (Cepicka et al. 2005; Grabensteiner and Hess, 2006; Clarke et al. 2017). Therefore,
advanced diagnostic applications such as in-situ hybridization (ISH) and PCR were introduced, those were
extremely sensitive and reliable for the confirmatory diagnosis of infection (Stoeck and Epstein, 2003; Hussain et al.
2015; Landman et al. 2016).

In the present study, T. gallinarum was identified by using the DNA sequence analysis of the obtained samples,
examined by PCR method at the target of the 18S SSU rRNA gene. Regarding the recent research tool, the 18S SSU
rRNA gene seems to be a good marker for species identification and characterization of trichomonads and
frequently used for phylogenetic analysis (Dimasuay and Rivera, 2013). The 18S SSU rRNA gene sequence and
internal transcribed regions 1-2 (ITS1-5.8SrRNA-ITS2) locus analysis conducted after the traditional PCR provide
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definite results in the diagnosis of T. gallinarum (Liebhart et al. 2014). Furthermore, method based on the nucleotide
sequence of 18S SSU rRNA confirmed the precise and accurate diagnosis of different agents with flagella.
Phylogenetically, the T. gallinarum species reported in this study in Turkey was most closely related to T.
gallinarum species from Philippine, Germany, and Czech with high bootstrap values (93%) (Cepicka et al. 2005;
Hauck et al. 2010; Amin et al. 2011; Dimasuay and Rivera, 2013). The presence of 18S SSU rRNA gene showed
97.9% homology to the reference sequence of T. gallinarum. Moreover, the analyzed sequences showed 95 to 99%
similarities indicated the level of its relationship of species to the genus. In present study, the sequence data could be
novel diversified references for the species of T. gallinarum for further studies.

CONCLUSION

Presently identified a tetratrichomonosis in domestic turkeys by using molecular approach and to our best
knowledge, it is the first study conducted for identifying and characterization of T. gallinarum in Turkey. In the
present study, a high prevalence of T. gallinarum infection was recorded in domestic turkeys occurred in the
province of Van in Turkey. Furthermore, all the analyzed samples were not infected with Histomoniasis and the
other protozoan based granulomatous pathogen factors. In addition, the results confirmed that domestic turkeys
develop clinical disease similar to that described previously in other gallinaceous birds infected by T. gallinarum.
However, further investigation in the domestic turkey (Meleagris gallopavo) birds with more detailed molecular,
epidemiological, and economical aspects of T. gallinarum may be performed in future.

Acknowledgments. We are grateful to Dr. Seongjun Choe and the members of the Parasite Research Center in
Chungbuk National University School for their kind advice and all who have collaborated with this research.
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