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ABSTRACT

Protozoal infection is an important factor in reducing the productivity of farm animals. Pathogenic protozoa are able to
affect the gastrointestinal tract and reproductive system. The causative agent of protozoal infection causing abortion and
infertility in cattle is most often Tritrichomonas foetus. In order to determine the epizootic situation in the region, we
studied the representation of pathogenic trichomonads in cattle of the Novosibirsk region. Using specific primers, we
detected traces of T. foetus DNA in samples obtained from adult animals with clinical signs of endometritis and vaginitis
from different farms. Also, vaginal mucus samples from these animals were examined by direct light microscopy, where
active trophozoites of T. foetus were found, indicating the circulation of the parasitic protozoan in the cattle population

of the Novosibirsk region.
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INTRODUCTION

Obtaining quality and safe products is possible only if
the health of farm animals is ensured. And the health of
farm animals, in turn, depends on various factors, among
which infections play a key role. In addition to bacterial
and viral invasion, the gastrointestinal tract, lungs, sexual
tracts of mammals and poultry are densely populated with
representatives of protozoa. It is important to note that such
a set of symbiotic flora was formed over a long time under
the action of evolutionary mechanisms. However, in
addition to symbionts, there are also pathogenic species of
bacteria, fungi and protozoa that can cause infectious
process. Protozoal infections cause economic damage to
livestock production no less than bacterial or viral
infections (Hassan-Kadle et al. 2020).

Since protozoa have adaptation to different
antibacterial drugs, the manifestation of their virulence
remains not obvious against the background of resistance
of some bacterial species and ineffective treatment
regimens for animals. Also, protozoa have defense
mechanisms against unfavorable conditions, including the
formation of cysts, which complicates the process of

controlling them (Corliss 2001; Lambrecht et al. 2015; Li
et al. 2022). As a consequence, enterprises incur losses
from reduced milk yields, live weight, high mortality of
young animals and female ulcers, as well as culling of milk
and meat (Lianou et al. 2022; Kashif Yar et al. 2023). In
addition to economic losses, there is the danger of
transmission through farm animal products to humans
(Macpherson 2005; Lianou et al. 2022).

Today there are about five causative agents of severe
protozoal diseases of humans and animals in the world.
Some representatives of parasitic protozoa are found in
farm animals, causing mass mortality of livestock and
spoilage of products. In cattle, small ruminants, pigs,
rabbits and poultry (Mousa et al. 2024), Cryptosporidium
spp., Giardia duodenalis, Entamoeba spp., Eimeria spp.
and Tritrichomonas spp., Toxoplasma spp. are most
frequently found in the intestine, and Tritrichomonas spp.
and Toxoplasma spp. are most frequently found in the
reproductive system organs (Chudnovskiy et al. 2016).
Parasites adhere on the surface of epithelial cells or inside.
As a consequence of such interaction, cells become
exhausted and die, triggering a cascade of metabolic
disorders (Lianou et al. 2022).
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Two  pathogens, Cryptosporidium  spp. and
Tritrichomonas foetus, pose a threat to livestock production
worldwide. Cryptosporidiosis most commonly affects the
gastrointestinal tract of young animals, resulting in the
death of calves, lambs and piglets from dehydration and
intoxication, causing serious economic losses to enterprises
(De Graaf et al. 1999; Cho and Yoon 2014; Aboelsoued
and Abdel Megeed 2022; Mol et al. 2022; Bauer et al.
2023). The parasite is also transmitted from animals to
humans, through dairy and meat products contaminated
with cysts (Thomson et al. 2017).

But the most unprofitable, from the point of view of
enterprise economics, is trichomoniasis caused by the
flagellated protozoan T. foetus, because animals affected by
trichomonads can sharply reduce milk yields, females can
hardly cover, and most of the covered animals abort at 3-4
months. In addition, trichomonads are found in the
amniotic fluid and rennet of aborted foetuses. Such
peculiarities of the parasite tropism may contribute to the
development of intrauterine infection of young animals
(Florin-Christensen and Schnittger 2018).

Infection occurs sexually, due to artificial
insemination with semen from infected bulls, there is also
a mechanism of cysts drifting through the gastrointestinal
tract, with subsequent introduction into the vaginal mucosa
when cysts and trophozoites with feces get on the vulva of
cows: during the act of defecation, or when not observing
the rules of asepsis during veterinary manipulations
(Martinez et al. 2023). After infection, the stage of
excystment and the active phase of trophozoite division
begins (Mercer and Johnson 2018).

Active trichomonads interact with epithelial cells by
adhesion followed by energetic parasitism (Mercer and
Johnson 2018). Mechanisms of adhesion have long been
considered. For example, for T. vaginalis, it has been
shown that exosomal vesicles of the parasite induce
changes in the host cell and mediate T. vaginalis-host
interaction by increasing trophozoite adhesion to host
cells (Twu et al. 2013; Benchimol et al. 2022;
Kochanowsky et al. 2024). Parasite extracellular vesicles
contain transport proteins and nucleic acids that are
involved in immunomodulation and virulence within the
host (Rada et al. 2022). The adhesion mechanism for
most of the known Tritrichomonas spp. is believed to be
the same. In addition, in most protozoa, cell signaling
within the population is mediated by exosomes (Mantel
and Marti 2014; Marti and Johnson 2016; Szempruch et
al. 2016).

The interaction of protozoa with the host within the
immune system, is a unique adaptive mechanism for
colonization and subsequent active reproduction of the
parasite (Barrias et al. 2022). Trichomonads have
glycoprotein complexes for communication with host cells,
so, for example, T. vaginalis after attachment and fusion on
the plasma membrane of the epithelial cell, transports lipids
and luminal cargo proteins into the host cell (Twu et al.
2013). This communication of exosomal vesicles with
ectocervical cells triggers the secretion of pro-
inflammatory cytokines interleukin-6 (IL-6) and IL-8
(Chudnovskiy et al. 2016; Szempruch et al. 2016). Such
mechanisms may contribute to enhance parasite growth
and pathology without eliciting a strong early immune
response (Twu et al. 2013).
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All this contributes to active colonization of the
cervical epithelium and the development of chronic
inflammation. For a long time, sick animals do not show
clinical symptoms and are asymptomatic carriers, which is
associated with difficulties in the diagnosis and treatment
of infection (Florin-Christensen and Schnittger 2018).

In addition, trichomonads are also known to actively
participate in communication with bacteria and influence the
microbiocenosis (Mercer and Johnson 2018). Thus, we have
previously shown that in mice infected with intestinal
trichomonads, after antibiotic therapy, the intestinal
contamination with Tritrichomonas spp. increased, while the
self-renewal of Lactobacillus johnsonii and Enterococcus
faecalis led to the elimination of trichomonads in a model of
induced intestinal dysbiosis (Phukan et al. 2013;
Makusheva et al. 2024). Another study showed an
inhibitory effect of Lactobacillus gasseri on the adhesion
of T. vaginalis to host cells (Benchimol et al. 2022).

The PCR method is currently used to diagnose
trichomoniasis. At the same time, most laboratories still
practice the classical method of testing by stained smear,
which is ineffective because the method is too inaccurate
and depends on the experience of the researcher and
subjective factors of smear interpretation. The complexity
of therapy also contributes to the spread of protozoal
infections, since the only protocol is the use of
metronidazole drugs (Love et al. 2017) which have serious
side effects with prolonged use, including hepatotoxic
effects. Therefore, it remains important to continue the
search for effective safe therapeutic agents, as well as
active monitoring of protozoa in local and imported farm
animal populations throughout the country.

MATERIALS AND METHODS

Ethical statement

The study was conducted in accordance with the
principles outlined in the International Recommendations
for Biomedical Research Using Animals, developed and
published in 1985 by the Council for International
Organizations of Medical Sciences and ethical standards
laid down in the 1964 Declaration of Helsinki and its later
amendments.

Animals

In the study, 52 cows of black-spring Holstein breed
from different farms were used, aged from 2 to 4 years, on
the 3-7th day after calving, with clinical signs of
endometritis: local hyperthermia of the vulva, mucous and
mucopurulent discharge from the vagina.

Measurement manipulations

Manipulations were performed before sampling, while
the animals were in calm; body temperature was measured
using an electronic thermometer (VitaVet PRO, China)
pre-treated with petroleum jelly. Respiratory rate was
counted per minute, using a phonendoscope applied at the
chest. Pulse rate was determined at the median caudal
artery. The pulse was examined by palpation on the tail
artery with the animal at rest.

Sampling
Samples were collected from animals with signs of
endometritis by washing from the vaginal mucosa, using a



swab (Aptaca S.P.A., Italy), then the swab was placed in a
sterile 1.5mL eppendorf (Sovtech, Russia) and transported
with refrigerants (4°C) to the laboratory for subsequent
DNA extraction. A total of 52 samples were examined.

DNA isolation from swabs

The DU-250 system (Biolabmix, Russia) was used to
isolate DNA from swabs. A 700uL of lysis buffer was
added to the swab tube and incubated at 70°C for 60min.
Next, the samples were centrifuged at 13000rpm for 5min.
Then 500uL of supernatant was carefully transferred onto
a silica column (comes in the kit). Centrifuged for 30s,
10000rcf. The filtrate was removed. The column was then
washed with WB1 buffer by applying 500uL of buffer to
the column, followed by centrifugation for 30s, 10000rcf.
The filtrate was removed. Repeated washes were
performed using WB2 buffer diluted with ethanol (500uL
per column, centrifuge 30s, 10000rcf, remove filtrate).
Subsequent elution of DNA was performed with elution
buffer. The column was transferred to a new 1.5-2mL
microtube. A 100uL of EB elution buffer was applied to
the center of the column filter and incubated for 3min at
room temperature. Then centrifuged for 1min, 10000rcf.
An elution volume of 100uL was obtained.

The concentration and purity of isolated DNA were
determined using the EzDrop 1000C system (Blue-Ray
Biotech, Taiwan). Thus, the concentration of isolated DNA
in the samples averaged 69.8ng/uL, and the absorbance
(A260/A280) 1.27, respectively.

Real-time PCR

Primers for Tritrichomonas foetus were used for PCR
(Table 1). All primer sequences were selected using Primer
BLAST and Multiple Primer Analyzer program (Ye et al.
2012).

Table 1: Sequence of oligonucleotides used for detection of
Tritrichomonas foetus
Name of primer Sequence5'-3'

Source

TRFF1 CGG GTC TTC CTA TAT GAG Felleisen et
ACA GAA CC al. (1998)
TRFR1 CCT GCC GCC GTT GGA

TCAGTTTCGTTAA

The reaction mixture (20uL) contained BioMaster
HSgQPCR SYBR Blue 1x (BioLabMix, Russia),
corresponding primers (300nM each; BIOSSET, Russia)
and DNA isolated from vaginal flushes. PCR was
performed in a DTlite 4S1 Real Time PCR detection
amplifier (DNA Technologies, Russia). DNA was
denatured for 5min at 95°C; then 40 cycles were
performed: denaturation - 95°C, 15s; primer annealing -
62°C, 25s; elongation - 72°C, 25s.

Normalization of T. foetus DNA to total eukaryotic
18S rRNA was performed using the formula: 2" (Ct of the
Eukaryota 18S rRNA gene - Ct of the 18S rRNA gene
specific for a certain protozoon community), where St is
the cycle corresponding to the threshold level of PCR
product luminescence.

Gel electrophoresis of DNA samples
Aliquots of PCR amplification products were
separated on a 1.5% agarose gel. Briefly, the gel was
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prepared on 1X TAE buffer (0.5M Tris-acetate, 0.01M
EDTA; Medigen, Russia) with addition of ethidium
bromide. O'GeneRuler 100bp DNA Ladder Plus marker kit
(Fermentas L.S., USA) was used.

To evaluate the efficiency of agarose separation, 10pL
of the amplified sample was subjected to electrophoresis
for 1h at 100V. The agarose gel images were visualized
using a Clinex gel documentation system (Clinex Science
Instruments Co., China).

Microscopy

For microscopy, samples with vaginal washings were
diluted in Hanks' solution (HBSS, Gibco, USA) cooled to
4°C and a drop was placed on a slide. In addition, the
nuclei of parasitic protozoa were stained with Hoechst
33342 fluorescent dye (Thermo FS, USA), for this
purpose the samples were diluted in Hanks' solution
cooled to 4°C, centrifuged at 1500rpm for 10min, after
which the supernatant was removed and 1mL of single
phosphate buffer (PBS, Invitrogen, USA) was added,
washing in phosphate buffer was repeated two times.

After washing, 10uL of dye at a concentration of
0.1mg/mL was added to 1mL of sample and incubated for
10min, without light. Next, the sample was washed twice
in phosphate buffer. After, fixed in 10% formaldehyde,
30min at RT, followed by washing. The samples were
examined using an Olympus CX43 direct light micro-
scope with a fluorescence unit (Olympus Corp., Japan).

Statistical treatment of data

Data are presented as mean, error of mean. The
normality of distribution was analyzed using the Shapiro-
Wilk criterion, and the comparison of two samples with
normal distribution was carried out using the parametric
Student's t-test. The significance of differences was
determined according to P<0.05. All calculations were
performed in Microsoft Excel 2019 and Past4.

RESULTS

During the research, 52 cows aged from 2 to 4 years
with clinical signs of endometritis were examined.
Physiological parameters of the animals were studied.
According to the results of measurements, pulse rate and
respiratory rate in infected animals and animals with
negative PCR test results did not show reliable differences
(Table 2). All indicators were within the physiological
norm. However, body temperature in the two groups was
significantly different and was higher in positively reacted
animals (Table 2). This may indicate a stronger
inflammation in the body. However, the indices of both
groups were also within the reference values.

Screening of vaginal wash samples obtained from the
examined animals revealed positive cases in 14 out of 52
animals, which is 26.9% (Fig. 1a). In gel electrophoresis in
1.5% agarose gel, the amplification products were 347bp in
size (Fig. 1b), which is consistent with literature data
(Gharban 2023).

Microscopy of vaginal flushes revealed T. foetus
trophozoites in small quantities (Fig. 1c). Active forms of
trichomonads found in the flushes may indicate
contamination of the vaginal mucosa in animals with
endometritis.
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Table 2: Results of vital signs in cows with positive and negative PCR study

Indicator Units of measurement + (14 in total) - (38 in total) P-value
Temperature °C 39.17+0.26 38.38+0.11 0.0021
Pulse rate beats/min 67.5+4.86 60.39+2.63 0.1772
Respiratory rate breath/min 22.35+1.36 21.89+0.75 0.7564
Significance P<0.01.
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Fig. 1: Detected traces of T. foetus protozoan infection in cattle vaginal flush samples. A) Results of testing 52 cows with clinical signs
of endometritis, by PCR. B) Representative representation of PCR product length in cow vaginal flush samples by gel electrophoresis
in 1.5% agarose gel stained with ethidium bromide (100B and 80A, 1h). Lane (M): Ladder marker (3000-100bp), lane (K+): Positive
control, lane (K-): Negative control, lanes (1-5): Positive samples. (C) Trophozoite of T. foetus isolated from vaginal mucus. Direct light
and fluorescence microscopy, magnification: objective - X40, eyepieces - X10 (Olympus CX43. B).

It is known that treatment regimens with
metronidazole were not used in the farms, as opposed to
regimens aimed at correcting bacterial communities, which
may be associated with protozoan overgrowth. It is
important to note, however, that heifers and cows are
covered artificially with proven and safe seed.

The question of infection and circulation of
trichomonads in the cattle population remains open.

DISCUSSION

According to the data obtained, the protozoosis
pathogen T. foetus is present in the population of cattle in
the Novosibirsk Region. Despite the existing protocols for
compulsory diagnostics of animals, protozoa are
circulating in the population, which can obviously affect
animal performance and their general physiological
condition. This may be due to both outdated diagnostic

protocols and ineffective preventive measures against
protozooses. For timely diagnosis, it is necessary to reduce
the intervals between mandatory tests to six months and to
perform them in a comprehensive manner, that is, to use
molecular methods and microscopy to confirm infection of
the vaginal mucosa (or prepuce in men) with active
trophozoites. Studies to monitor protozoal infection caused
by T. foetus are conducted by different groups of scientists.
Researchers are selecting methods of different sensitivities
to detect the parasite in epithelial flushes. For example,
studies have been conducted to assess the prevalence and
identify risk factors for infection with the parasite in
Poland. The study demonstrated the sensitivity of PCR and
loop-mediated  isothermal  amplification  (LAMP)
identification, but no spread of infection in cattle was
found, only confirmation of parasite circulation in cats and
pigs (Dabrowska et al. 2020).

In a study, Schroeder et al. (2023) described the



development of an updated set of PCR primers and
probes that provide increased sensitivity for detection of
T. foetus in preputial flushes collected in PBS, using
real-time reverse transcription real-time PCR (RT-
rtPCR). In another study, Jin et al. (2020) obtained
molecular characterization of clinical isolates of T. foetus
in cattle populations in Wyoming, South Dakota and
Montana in the US states of Wyoming, South Dakota and
Montana. The study showed more than 99% identity of
the newly described isolates with other cattle isolates
(Jin et al. 2020).

In Irag, a team of scientists also conducted a
monitoring study on the presence of T. foetus in the cattle
population, where it was shown that almost 21% of aborted
cows had a positive PCR test. And scientists also showed
that T. foetus isolates showed high identity with Thai
(MN560972.2) and Chinese (MH115435.1) isolates
(Gharban 2023). In Australia, contamination of cattle
populations in an extensive livestock production area with
logistical constraints has been shown. Thus, the parasite
was detected in preputial flushes of bovines by PCR
followed by genotyping (Calvani et al. 2021).

In large cities and rural areas, great attention needs to
be paid to contamination of domestic animals by the T.
foetus parasite, including cats. Several studies have shown
screening of domestic cats for the presence of
trichomonads. As a result, it has been shown that most
animals with clinical signs of gastrointestinal disease were
contaminated with T. foetus (Leelanupat et al. 2020; Crisi
et al. 2021). Disease monitoring using modern molecular
methods allows maintaining an adequate epizootic picture
of the region. More and more studies in this direction are
appearing and molecular diagnostic methods are being
improved as the most sensitive ones. At the same time, it is
important to publish such data to understand the prevalence
of protozoosis and its modifications.

Conclusion

The spread of protozoal infections is known to be
associated with ineffective therapeutic measures. At the
same time, protozoal infections remain underestimated in
terms of their scale and the nature of economic damage
caused. Continuous monitoring of disease incidence and
search for new effective and safe drugs will reduce
economic losses in livestock production.
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