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Abstract
Background Trichomoniasis caused by Trichomonas vaginalis is the most prevalent nonviral sexually transmitted 
disease in women and has frequently damaged public health. To better use the animal model and take a step forward 
fully elucidating this pathogen, intraperitoneal infection of T. vaginalis in mice, one of the most common mouse 
models, was highly concerned.

Methods By adjusting the number of parasites inoculated, acute and chronic infection models were established. 
Pathological changes and the presence of T. vaginalis in organs were observed at different timepoints post inoculation 
using histological and TV-α-actinin-based immunological detection.

Results The results reconfirmed the correlation between inoculum size of parasites and infection duration, as well as 
the multiplication capacity of T. vaginalis in mouse enterocoelia or invaded organs. The progression and pathologic 
features of vital organs (e.g., liver and spleen) from mice intraperitoneally infected with T. vaginalis in both the acute 
and chronic groups were also revealed. In particular, a reliable immunological method based on TV-α-actinin was first 
verified to clearly present the invasion of T. vaginalis into infected mouse organs.

Conclusions In brief, this study presented a clearer and more detailed pathologic characteristic of the intraperitoneal 
infection model, which probably provides more basic information for the use of this model in future studies. 
Especially, expanding on specific research applications of this model would be valuable.
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Background
Trichomonas vaginalis (TV) is the etiological agent of 
human trichomoniasis, which affects approximately 
156.3  million people worldwide [1]. In addition to the 
commonly reported inflammation of the urogenital sys-
tem in symptomatic patients, many secondary effects, 
such as an increasing risk of infection associated with 
human immunodeficiency virus (HIV) [2], prostate can-
cer [3, 4] and adverse outcomes of pregnancy [5, 6], have 
been frequently reported.

Although great progress has been made in research on 
T. vaginalis thanks to the efforts of scientists worldwide, 
trichomoniasis caused by this parasite is still referred 
to as a neglected sexually transmitted disease [7]. This, 
in our opinion, is partially attributed to the difficulty in 
validation of many extraneous research findings about 
T. vaginalis or directly conducting related studies in vivo 
due to the lack of perfect experimental animal models. 
Therefore, animal models, especially commonly used 
mouse models, need further study. There are three com-
mon mouse models of this parasite: the vaginal model, 
subcutaneous model and intraperitoneal model. They 
have their own advantages and weaknesses and have 
made important contributions to studies of T. vaginalis. 
However, considering the complexity of vaginal modeling 
in mice, the difficulty in maintaining a high infection rate 
for a long time and the possibility of an immune response 
affected by estrogen treatment in a vaginal model [8–10], 
as well as the limited correlation between local abscess 
and clinical manifestations in a subcutaneous model [11], 
our laboratory paid much attention to the further study 
of the intraperitoneal model that usually presents a stable 
infection rate and prominent pathological changes.

As one of the most common animal models, peritoneal 
infection of T. vaginalis in mice has been widely used for 
studies, such as vaccine evaluation [12–14], drug screen-
ing [15–18], virulence assessment of isolates, metronida-
zole susceptibility assays [19–21], revealing the interplay 
between immune cells and parasites [22] and even the 
immune evasion strategy [23]. In earlier studies, T. vagi-
nalis infection has been shown to cause a range of clini-
cal symptoms, multiorgan disease and death in mice, 
and histopathology studies with hematoxylin and eosin 
(H&E) staining also revealed pathological features in the 
viscera of mice [10, 24, 25]. However, in previous stud-
ies from our laboratory, it was found that using the same 
isolate of T. vaginalis could establish acute and chronic 
models by adjusting the parasite number and observa-
tion period. But, their differences in progression and 
pathologic manifestations have seldom been reported. 
Additionally, trichomonas in pathological sections were 
often difficult to be identified, especially after the para-
sites invading into tissues/organs and experiencing the 
amoeba-like deformation [26], making it a great challenge 

to identify the distribution of T. vaginalis in different 
organs from the infected mice at different stages. There-
fore, if T. vaginalis could be clearly displayed in infected 
organs, for example, by targeting a specific T. vaginalis 
antigen, a clearer understanding of the pathogenesis and 
pathological features will be obtained.

T. vaginalis alpha-actinin (TV-α-actinin), a type of 
actin-binding protein, is a virulence factor of the parasite 
derived from the cytoskeleton [27]. As a structural pro-
tein, it can be continuously expressed during the parasite 
life without geographical variation [27]. Of note, it has 
been identified as the most common immunogen from T. 
vaginalis recognized by sera from T. vaginalis- infected 
female patients [28, 29]. In addition, studies have shown 
that antibodies against TV-α-actinin did not cross-react 
with human α-actinin or with homologous proteins from 
parasites such as Entamoeba histolytica, Acanthamoeba 
castellanii, Giardia lamblia, and Leishmania major [27]. 
Therefore, TV-α-actinin, with high immunogenicity, high 
conservation and high specificity, can be used as an ideal 
target for trichomonal immunodiagnosis.

Briefly, this study, by using TV-α-actinin as an immu-
nologically diagnostic target of T. vaginalis, revealed the 
more extensively characterized pathogenesis progression 
and pathologic features of both acute and chronic models 
of intraperitoneal infection with T. vaginalis. In particu-
lar, the whereabouts, distribution and amount of T. vagi-
nalis are expected to provide a more detailed theoretical 
basis for the application of the peritoneal model.

Methods
Isolates of T. vaginalis and animals
In this study, the T. vaginalis (CPOTV21) strain was 
isolated from a symptomatic outpatient in the Second 
Affiliated Hospital of Guangzhou Medical University and 
was used in all experiments [30]. For cultivation of this 
parasite, Diamond’s trypticase-yeast medium [31] sup-
plemented with 10% heat-inactivated fetal bovine serum 
(Excell, China), 100 U/ml penicillin and 100 µg/ml strep-
tomycin was used. The cultures were maintained in a 
sterile incubator at 37 °C and subcultured every two days. 
Only logarithmic-phase parasites were used in this work.

Female Swiss mice (approximately 6–8 weeks old) were 
purchased from The Experimental Animal Center of Sun 
Yat-Sen University (Guangzhou, China). All animals were 
maintained in appropriate living conditions (25 °C ± 3 °C) 
under a 12 h/12 h light/ dark cycle and were entitled to 
freely consume a standard diet and pure water daily. Mice 
were euthanized by CO2 at indicated time points. Pro-
tocols for the use of animals were approved by the Insti-
tutional Review Board for Animal Care of Sun Yat-Sen 
University (#31472058 and 31720103918).
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Establishment of acute and chronic infection
Cultures of T. vaginalis at the logarithmic phase were 
centrifuged at 1000 ×g for 10 min. Then, the pellets were 
washed and resuspended in sterile PBS. After quantifi-
cation by microscopy using a hemocytometer, the final 
concentration of T. vaginalis was adjusted with PBS as 
designed. Each mouse was intraperitoneally inoculated 
with the desired number of parasites in a 0.5 ml volume.

For the establishment of acute and chronic infection, 
Swiss mice were divided into 5 groups and intraperitone-
ally inoculated with 1 × 107 (n = 35), 1 × 106 (n = 8), 1 × 105 
(n = 8), 1 × 104 (n = 8) T. vaginalis or sterile PBS (control, 
n = 8) per mouse. Of which, the survival rate of the 1 × 107 
inoculation group was accumulated from four indepen-
dent assays in the early studies and one experiment con-
ducted synchronously with other groups. According to 
the onset and survival time, inoculation of 1 × 107T. vag-
inalis per mouse was defined as the acute model, while 
inoculation of 1 × 106 was defined as the chronic model. 
The survival states of all mice were monitored daily.

Parasite loading in ascites and pathologic scores
In the following studies, all assays were performed with 
these two models using Swiss mice. Five infected mice 
were sacrificed at each time point, including 1, 3, and 5 
dpi for the acute group and 1, 3, 7, 14, 21, and 30 dpi for 
the chronic group. First, each mouse was intraperitone-
ally injected with 2 ml precooled PBS buffer and carefully 
rubbed for 1 min. Peritoneal fluid was obtained for direct 
quantification of T. vaginalis using a hemocytometer. 
Then, pathological scores were acquired according to the 
criteria published in a previous study [25] with minor 
modifications by excluding mortality-related points. 
In brief, the volume of ascites (score: 0–6), the damage 
level of peritoneum (score: 0–10), spleen/pancreas/stom-
ach (score: 0–12), and livers (visceral, score: 0–10; dia-
phragmatic side, score: 0–12) were rated to obtain a final 
overall gross score (full mark: 50). Finally, the livers and 
spleens were removed and weighed. To further explore 
the pathological process, the liver and spleen were cho-
sen as representative organs due to their obvious macro-
scopic lesions.

Alpha-actinin-based immunodetection
To verify the specificity and applicability of anti-TV-
α-actinin sera prepared in our laboratory for immu-
nodetection [12], dot-blot and immunocytochemistry 
(ICC) assays were first performed. In the dot-blot assay, 
a total of 1 × 107T. vaginalis at logarithmic phase (posi-
tive sample: +) and 1 × 108 splenocytes from healthy 
mice (negative sample: -) were used for the preparation 
of whole-cell antigens through repeated freeze-thawing. 
In brief, the PVDF membrane soaked in methanol was 
first balanced in the transfer buffer solution for 1 min and 

then placed on filter paper for slight drying. After point-
ing the above samples with 10  µl for each dot, the film 
was incubated in 3% H2O2 solution for 10  min at room 
temperature, washed with TTBS (9  g NaCl, 20  ml 1  M 
Tris-Cl with pH7.6 and 1 ml Tween20 in 1 L ddH2O), and 
then enclosed in TTBS solution containing 5% skim milk 
at 4  °C overnight. The anti-TV-α-actinin sera, including 
three dilutions (1:5000, 1:20,000 and 1:100,000), were 
incubated with three individual PVDF membranes for 
one hour at room temperature. After washing for three 
times, sheep anti-rabbit IgG antibody (1:500) labeled 
with HRP was added and incubated for another hour at 
room temperature. Finally, a DAB kit was used for color 
development.

For the ICC assay, T. vaginalis at the logarithmic stage 
was adjusted to 5 × 106 /ml and 100 µl was added to each 
slide pretreated with poly-L-lysine. After incubation at 
room temperature for 20  min, the unattached T. vagi-
nalis were removed. The remaining parasites were fixed 
with precooled methanol for 20  min, hydrated in PBS 
for 20  min and then incubated with anti-TV-α-actinin 
sera (50 µl) diluted at 1:1000 at 37 °C for one hour. After 
washing for three times, HRP-enhanced anti-rabbit IgG 
antibody (ZSGB-BIO, China) was added for incubation 
at room temperature for another 1 h. Finally, a DAB kit 
(Boster Bio-Engineering Company, Wuhan, China) was 
used for color development according to the manufactur-
er’s instructions. Photos were taken under a microscope 
(Zeiss, Oberkochen, Germany).

Histopathological staining
Tissues containing both macroscopic lesions and rela-
tively normal regions in the two models were used to 
prepare histological slides. Briefly, fresh tissues were 
rapidly fixed in 4% paraformaldehyde fix solution for 
48 h and then washed in slow running water overnight. 
After treatment in a gradient of alcohol, xylene and paraf-
fin, tissues were embedded and cut. Section (5 μm) were 
stained with H&E solution to evaluate the pathological 
type, range, level of lesion and inflammatory cell infiltra-
tion. Photographs were taken using a microscope (Zeiss, 
Germany). Masson staining was conducted following the 
manufacturer’s instructions (njjcbio, China).

Immunohistochemistry
The existence of T. vaginalis in infected tissues was deter-
mined by immunohistochemistry (IHC). Sections were 
dewaxed and hydrated, and the antigen was retrieved 
with citrate buffer solution (3.78  g citric acid monohy-
drate and 24.108 g sodium citrate in 1 L ddH2O) main-
taining in 92–95 °C for 10 min. After washing with PBS 
and treatment with 3% H2O2, sides were blocked with 
5% BSA at 37  °C for 40  min. T. vaginalis in tissues was 
probed with rabbit anti-TV-α-actinin sera (1:1000) after 
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optimization and incubated at 37  °C for one hour. After 
being washed with PBS three times, slides were incu-
bated with the anti-rabbit-HPR antibody (ZSGB-BIO, 
China) containing 3% H2O2 for another hour. Color 
detection was performed by using DAB (Sigma, USA) in 
the dark for 5  min and then stopped by distilled water. 
Sections were also counterstained with hematoxylin for 
3 to 5  min. Photographs were taken using a fluorescent 
microscope (Zeiss, Germany). Additionally, parasites in 
the caseation caseation-like substance of mice from 30 
dpi were also detected by H&E and IHC.

Statistical analysis
The graphics were constructed using GraphPad Prism 
5 software. Statistical significance in the comparison of 
mean values and SEM was assessed by independent sam-
ples, and F tests and Student unpaired t tests were also 
performed by GraphPad Prism 5 software. Statistical sig-
nificance was accepted at P < 0.05. The parasite density 
in slides after IHC staining was quantified by scanning 
pathological sections with Image-Pro Plus software.

Results
Dose-dependent response to infection with T. vaginalis
To investigate the required inoculum for establishing an 
infection based on our parasite isolate, various numbers 
of T. vaginalis were inoculated into mice. Differences in 
survival percent are presented in Fig.  1A. When mice 
were intraperitoneally inoculated with 1 × 107 (n = 35) 
parasites, a high mortality of approximately 97% (34/35) 
within 10 days post inoculation (dpi) was observed, 
which was defined as acute infection. Inoculation with 
1 × 106 (n = 8) parasites also resulted in a high mortal-
ity of approximately 90% (7/8), with one mouse dying at 
6 dpi (acute infection) and the remaining 6 mice dying 
at 20–30 dpi, which was defined as chronic infection. 
Therefore, according to the onset and survival time, 
approximately 97% of mice with an inoculum of 1 × 107 
developed acute infection, while 75% (6/8) of mice with 
an inoculum of 1 × 106 developed chronic infection.

Compared with mice in the control group (Figure S1A), 
acutely infected mice had a short latent period (approxi-
mately 2 days) and developed symptoms of decreased 
appetite, piloerection of fur, sloth, shakes and abdomi-
nal retraction. The clinical signs continued to deteriorate 
until death occurred over the next 2 to 4 days (Figure 
S1B). In the chronic infection group, a much longer latent 
period (approximately 7–14 days) and later chronic 
clinical progression were observed from mild illness to 
the last severe clinical symptoms, e.g., swollen entero-
coelia and massive ascites accompanied by caseation-
like lesions (Figures S1C and S1D). Mice with a lower 
inoculum of 1 × 105 (n = 8) or 1 × 104 (n = 8) T. vaginalis 
survived for over two months until being euthanized 

without visceral lesions. These results demonstrated that 
T. vaginalis infection by intraperitoneal inoculation in 
the mouse model is dose dependent.

Additionally, free parasites were quantified in the asci-
tes of mice suffering acute and chronic infection. As 
shown in Fig.  1B, an average of 4.3 × 104 and 3.1 × 105 
free Trichomonas were found in mouse ascites at 3 dpi 
and 5 dpi in the acute group, respectively. In ascites of 
the chronically infected mice, an average of 1.3 × 105, 
4.0 × 106, 3.6 × 106 and 5.4 × 107 free Trichomonas were 
counted at 7, 14, 21 and 30 dpi, respectively. For the sam-
ples from 1 dpi in the acute group, 1 dpi and 3 dpi in the 
chronic group, the free Trichomonas in the mouse ascites 
were all below the direct counting threshold (1 × 104 per 
ml) with the hemocytometer.

Characterization of macroscopic lesions
To investigate organ damage caused by T. vaginalis, 
pathological scores were quantified in each group. In the 
acute group, mice showed obvious symptoms at 3 dpi (an 
average score of 10.0) and 5 dpi (an average score of 16.4) 
(Fig.  1C), in which lesions in the liver made the major 
contribution (an average score of 6.0 at 3 dpi and 10.8 at 
5 dpi) (Fig. 1E). Spleen/pancreas/stomach (SPS) damage 
and ascites production also contributed to some scores 
(Fig. 1E).

In the chronic model, gradually increased scores indi-
cated aggravated lesions in mice (Fig. 1D). As shown in 
Fig. 1F, the score at 3 dpi was mainly attributed to mild 
liver lesions (score of 3.6), slight damage of the perito-
neum (score of 0.4) and the production of ascites (score 
of 1.2). After that, gradual deterioration occurred, e.g., 
scores on the diaphragmatic liver lesions continued 
to rise over time (Fig.  1F). Peritoneal (score of 4.4) and 
SPS (score of 7.6) damage was clearly observed at 21 dpi. 
At the last stage in the chronically infected mice, large 
lesions in multiple organs occurred, and the pathological 
scores reached almost 50, the full marks of the present 
study (Fig. 1D and F).

In both infected groups, obvious pathological damage 
appeared in the mouse liver and spleen. Therefore, they 
were chosen as representative organs for a more detailed 
exploration than other organs, including analysis of mac-
roscopic and pathological changes, especially concern-
ing the distribution of parasites displayed by IHC. As 
shown in Fig. 2, mouse livers seemed normal at 1 dpi in 
the acute group. Obvious yellow lesions in the liver and 
splenomegaly could be observed at 3 dpi. This was fol-
lowed by the appearance of gradually enlarged lesions in 
the liver and spleen with fragmentary capsules at 5 dpi. 
In the chronic group (Fig. 2), although clinical manifes-
tations were not yet observed at 3 dpi, small and yellow 
niduses could be found in the mouse liver. From 7 to 14 
dpi, lesions in livers were extended, either at the margin 
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of the hepatic lobule or at the junction. Meanwhile, evi-
dent splenomegaly was observed. During the late phase 
of chronic infection (from 21 dpi to 30 dpi), the liver 
lesions became extensive and severe. The relatively nor-
mal hepatic tissue gradually decreased, and the whole 
liver looked pure red. The spleen capsule was broken and 
covered with ivory excretions. In both infected groups, 
splenomegaly was in accordance with a gradually increas-
ing spleen coefficient (organ/body weight ratio) (Figure 
S2).

Alpha-actinin-based immunodetection of T. vaginalis
As shown in Fig.  3A, the anti-TV-α-actinin sera of 
three dilutions only specifically targeted the T. vaginalis 

antigens but not host cells in the dot-blot assay. The 
ICC results showed that TV-α-actinin proteins exist in 
the whole organism, including its flagella (Fig.  3B). The 
preliminary attempt of using anti-TV-α-actinin sera for 
immunodetection revealed an obvious advantage and 
clearer presentation of both free and amoeboid-formed 
T. vaginalis around or inside tissues by IHC staining 
(Fig.  3D and F) compared with common H&E staining 
(Fig. 3C and E). These results indicated that the anti-TV-
α-actinin sera prepared by our laboratory could be used 
for immunodetection of T. vaginalis in animal tissues.

Fig. 1 The survival curve, parasite loads in ascites and pathological scores of mice infected with T. vaginalis. (A) The survival percentage of mice after 
intraperitoneal inoculation with the indicated numbers of T. vaginalis. (B) Free parasite numbers in mouse ascites. Mice with acute and chronic infection 
at the different time points were intraperitoneally injected with 2 ml precooled PBS, diluted ascites were collected, and parasite loads were determined 
by parasite density multiplied by the total volume of ascites (n = 5). A total of five mice were excluded from this assay. Of these, two mice from the 21 
dpi chronic group showed slight lesions, resulting in a low parasite loading below the direct counting threshold in ascites, and three mice in the chronic 
group died between 21–30 dpi before the timely collection of ascites. The total scores of pathological manifestations in mice acutely (C) or chronically (D) 
infected with T. vaginalis at different times. The scores of assigned indices in mice acutely (E) or chronically (F) infected with T. vaginalis at different times. 
A, ascites; P, peritoneum; SPS, spleen/pancreas/stomach; LV, visceral liver side; LD, diaphragmatic liver. Significant differences are indicated (* p < 0.05 and 
*** p < 0.001) by comparison with controls (0 d) (mean ± SEM), of which ns indicates not significant. A total of three mice were excluded from this assay. Of 
these, one mouse from the 14 dpi chronic group seemed not infected (pathological score = 0), and two mice in the chronic group died between 21–30 
dpi before timely dissection
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Characterization of pathological progression based on 
H&E and IHC staining
As shown in Fig.  4A1 and A2, livers from the con-
trol mice were characterized by intact hepatic lobes, 
hepatic cord, and hepatic sinus but without T. vagina-
lis (Fig.  4A3). In the acute group, liver structures from 
mice at 1 dpi appeared structurally normal (Fig.  4B1). 
Despite this, small spotted regions and foci of necrosis 
were found in some hepatic lobules with inflammatory 
cell infiltration (Fig.  4B2 and B3). However, T. vaginalis 
was not identified around these foci (Fig. 4B4). At 3 dpi 
(Fig. 4C1 and C2), there was patchy necrosis in the liver, 
where hepatocytes had dissolved, leaving fragmented 
remains of hepatocyte nuclei. The peripheral hepatocytes 
around the necrotic regions had become swollen and 
degenerated. Inflammatory cell infiltration and abscesses 
caused by necrotic inflammatory cells were found around 
the necrotic focus and peripheral areas. According to the 
immunohistochemical staining, a mass of T. vaginalis 
appeared in a palisade arrangement around the necrotic 
foci and their perimeter zones (Fig.  4C3). At 5 dpi, the 
necrotic foci in the liver had become more extensive, and 
larger-scale necrosis was accompanied by many neutro-
phils and eosinophilic granulocytes (Fig.  4D1 and D2). 
The intrahepatic vascular regions showed evident angi-
ectasis and hyperemia (Fig.  4D1). Intensive T. vaginalis 
gathered along the junctions of necrotic and relatively 
normal areas (Fig. 4D3 and D4). The density of T. vagina-
lis in the necrotic areas reached approximately 9.8% at 3 
dpi and increased to 11.5% at 5 dpi (Fig. 4E).

In the control group, spleen tissues of mice were char-
acterized by an intact capsule, normal splenic sinuses and 
corpuscles (Fig.  5A1 and A2) but without T. vaginalis 
(Fig. 5A3). At 1 dpi in the acute group, red pulp and white 
pulp could still be clearly distinguished (Fig.  5B1), but 
some neutrophils and multinucleated giant cells (MGCs) 
were found in the red pulp (Fig. 5B2). T. vaginalis was not 
yet found in the spleen pathology sections (Fig. 5B3). By 
3 dpi, the histological structure of the spleen had become 
disordered. The demarcation between red and white 
pulp was blurred, and an increasing number of MGC 
appeared (Fig.  5C1 and C2). Lymphocytes in the white 
pulp also underwent apoptosis (Fig.  5C3). Small patchy 
necrotic regions occurred with inflammatory cell infiltra-
tion at the margins of the spleen (Fig. 5C4). T. vaginalis 
was distributed on the surface of the spleen capsule like a 
fence (Fig. 5C5). At 5 dpi, the spleen structure was obvi-
ously disordered, with large patchy areas of disintegrat-
ing cells and necrosis (Fig. 5D1). The demarcation of red 
pulp and white pulp had completely broken down. In the 
necrotic foci, there were abscesses consisting of neutro-
phils, eosinophils, nuclear debris and T. vaginalis. Many 
MGCs still existed, and the blood vessels of the spleen 
were dilated and showed hyperemia (Fig.  5D1 and D2). 
The results of the IHC staining revealed that a large num-
ber of T. vaginalis were distributed in the abscesses as 
well as in the peripheral splenic tissue (Fig. 5D3).

Within the early stage of the chronic group (from 1 dpi 
to 3 dpi), some spotted and necrotic foci first appeared in 
the mouse liver (1 dpi), where the hepatocytes began dis-
integrating with infiltration of some inflammatory cells 

Fig. 2 Macroscopic lesions of livers and spleens in acutely and chronically infected mice by T. vaginalis. Lesions are indicated by black arrows
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(Fig.  6A1 and A2) but without T. vaginalis (Fig.  16A3). 
Then, the livers from 40% (2/5) of the mice (3 dpi) 
showed some small patchy necrosis beside the small 
nidus, in which a large number of inflammatory cells 
were observed (Fig. 6B1 and B2), but only a low density 
of T. vaginalis (0.3%) was observed (Fig. 6B3 and G). In 
the middle stage of the chronic infection group (from 7 to 
21 dpi), individual and confluent necrosis appeared in the 
liver and gradually expanded. In those areas, inflamma-
tory cells, including neutrophils and eosinophils, as well 
as their lysates, formed obvious hepatapostema (Fig. 6C1, 
C2, D1, D2, E1 and E2). Hepatocytes around the junction 
of necrosis and relatively normal liver tissue had trans-
formed into severe edema. Meanwhile, a large number 
of parasites were observed to gather in or around the 
abscess (Fig. 6C3, D3 and E3). Compared to the first and 
third day, parasite density in the liver necrotic areas of 
this stage significantly increased up to 5.5–6.2% (Fig. 6G). 
During the last stage of the chronic model, severe hepa-
tapostema was observed in the mice, and very little nor-
mal liver tissue remained. The infiltrated inflammatory 

cells still mainly consisted of neutrophils and eosinophils 
(Fig. 6F1-F3). A large number of T. vaginalis gathered in 
or around the necrotic abscesses (Fig.  6F4 and G). The 
parasite density (8.1%) in the necrotic areas was even 
closer to that of the late stage in the acute infection group 
(Figs.  4E and 6G). Part of the liver also became fibrotic 
(Figure S3). There was also a mass of caseation-like sub-
stance that filled the enterocoelia, especially around the 
liver. Many T. vaginalis and cell debris without nuclei 
were found by optical microscopy and immunostaining 
(Figures S1D-F).

In the chronic group, spleen pathological changes were 
also significant. Within the first 3 dpi, spleen tissues 
looked normal but contained some MGCs (Fig. 7A1, A2, 
B1 and B2). Thereafter, the structure of the spleen (from 7 
to 14 dpi) gradually became disordered, and demarcation 
between the red pulp and white pulp became blurred. 
Many MGCs were found in the red pulp, lymphocytes in 
the white pulp were reduced, and some necrotic foci were 
observed (Fig. 7C1, C2 and D1, D2). T. vaginalis was not 
observed before 21 dpi (Fig. 7A3, B3, C3 and D3). From 

Fig. 3 Confirmation of the specificity and applicability of anti-TV-α-actinin sera for immunodetection. (A) Specificity assessment was performed using 
anti-TV-α-actinin sera at different concentrations by dot blot. “+” indicates the whole cell antigens prepared by T. vaginalis, “-” indicates the whole cell 
antigens prepared by splenocytes of uninfected mice. (B) The intracellular localization of α-actinin in T. vaginalis was determined using anti-TV-α-actinin 
sera (1:1000 after optimization) by ICC assay. (C and D) The relatively typical T. vaginalis attached to the surface of the mouse liver was observed by H&E 
staining and IHC (anti-TV-α-actinin sera, 1:1000), respectively. (E and F) Ameboid-like T. vaginalis invading the mouse liver and surrounding inflammatory 
cells were observed by H&E staining and IHC (anti-TV-α-actinin sera, 1:1000). The black arrows indicate inflammatory cells; arrowheads indicate T. vaginalis
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Fig. 4 H&E and IHC staining of liver sections from mice acutely infected with T. vaginalis at different time points. (A1-A3) Control. (B1-B4) Acute-1d. (C1-
C3) Acute-3d. (D1-D4) Acute-5d. (E) The parasite burden was shown as the ratio of the occupied area of T. vaginalis to the lesion area. Approximately 0.25 
to 1 cm2 of area was scanned for the calculation of the TV occupied/lesion ratio. The data shown are the means ± SEMs. CV: central veins; HS: hepatic sinu-
soid; HC: hepatic cord; black arrows indicate inflammatory cells; arrowheads indicate T. vaginalis; ns: not significant. The black scale bars indicate 100 μm 
under 10× magnification, and the blue scale bars and red scale bars indicate 10 μm under 100× magnification. The magnified regions are outlined by 
rectangular boxes in the same color
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21 dpi on, T. vaginalis were found to gather around the 
spleen capsule, which had been broken and was no longer 
integral (Fig. 7E1-E4). At 30 dpi, obvious abscesses were 
found in mouse spleens. Many T. vaginalis (Fig. 7F3) and 
inflammatory cells consisting of lymphocytes, neutrophil 
granulocytes and monocytes (Fig.  7F1 and F2) filled in 
the large patchy necrotic area.

Pathological changes in other organs in mice
When compared with the control group (Figure S4A), 
vasodilatation and hyperemia were observed in the kid-
neys of acutely infected mice at 5 dpi (Figure S4B). The 
tubules were slightly edematous, whereas small foci of 

inflammatory cell infiltration were observed in the kid-
neys at 30 days after chronic infection (Figure S4C). 
When compared with the control group (Figure S4D), the 
IHC results showed that there were Trichomonas aggre-
gation and inflammatory cell infiltration on the renal cap-
sule surface at both time points (Figures S4E and S4F).

When compared with the control group (Figure S5A), 
vasodilatation and hyperemia were also observed in the 
lung tissue of acutely infected mice at 5 dpi (Figure S5B). 
For chronically infected mice at 30 dpi, the lung tissue 
was edematous, the blood vessels were dilated and hyper-
emic, and more pink edematous fluid was observed in the 
alveolar cavity (Figure S5C). The IHC results showed that 

Fig. 5 H&E and IHC staining of spleen sections from mice acutely infected with T. vaginalis at different time points. (A1-A3) Control. (B1-B3) Acute-1d. 
(C1-C5) Acute-3d. (D1-D3) Acute-5d. RP: red pulp; WP: white pulp; black arrows indicate inflammatory cells; arrowheads indicate T. vaginalis. The black 
scale bars indicate 100 μm under 10× magnification, and the blue scale bars and red scale bars indicate 10 μm under 100× magnification. The magnified 
regions are outlined by rectangular boxes in the same color
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no Trichomonas was observed in the mice of the control 
group (Figure S5D) but existed on the bronchial muco-
sal surface of the acutely infected mice at 5 dpi (Figure 
S5E) and the alveolar space of chronically infected mice 
at 30 dpi (Figure S5F). Additionally, T. vaginalis was also 
detected in the blood vessels or vascular walls of mouse 
livers from different dpi in both the acute (Figure S6A) 
and chronic (Figure S6B) groups.

Discussion
Peritoneal infection of T. vaginalis in mice is one of the 
most common animal models for research on this para-
site. A deeper understanding of the extensively char-
acterized progression and pathologic features of this 
model, in our opinion, will be beneficial to its better 
use in future studies. Therefore, a dynamic observation 
of the macroscopic, histological lesions and T. vaginalis 
distribution, especially when diagnosed based on TV-α-
actinin-specific immunological detection in the perito-
neal infection model, was conducted in the present study.

According to previous studies, several possible influ-
encing factors have been found to be involved in the 
establishment of this model, such as the susceptibility 
of mouse strains, the inoculum size of parasites and the 
infection duration based on the different isolates. There-
fore, these elements were first considered in the present 
study. There were three mouse strains including Swiss, 
BALB/c and C57BL/6 have been found all susceptible to 
the T. vaginalis isolate used in the present study before. 
Of which, Swiss mice, as far as we know, were rarely 
reported to be used in this model. Therefore, Swiss mice 
were chosen in the following study with the hope of pro-
viding more information on the available hosts for intra-
peritoneal model of T. vaginalis infection.

In accordance with the results in previous studies [10, 
24], inoculation of 1 × 107 and 1 × 106 parasites could 
cause death in mice, and the average survival time was 
approximately 7 days and 3 weeks, respectively. However, 
inoculation of 1 × 105 or 1 × 104 parasites failed to result 
in clinical signs in Swiss mice even when the observation 
time was finally extended to two months. This indicated 

Fig. 6 H&E and IHC staining of liver sections from mice chronically infected with T. vaginalis at different time points. (A1-A3) Chronic-1d. (B1-B3) Chronic-
3d. (C1-C3) Chronic-7d. (D1-D3) Chronic-14d. (E1-E3) Chronic-21d. (F1-F4) Chronic-30d. (G) The intensity of parasite burden is shown by the ratio of the 
occupied area of T. vaginalis to the lesion area. Approximately 0.25 cm2 to 1 cm2 of area was scanned for the calculations of the TV occupied/lesion ratio. 
The data shown are the means ± SEMs, * (p < 0.05) and *** (p < 0.001). Black arrows indicate inflammatory cells; arrowheads indicate T. vaginalis. The black 
scale bars indicate 100 μm under 10× magnification, and the blue scale bars and red scale bars indicate 10 μm under 100× magnification. The magnified 
regions are outlined by rectangular boxes in the same color
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that the infection of T. vaginalis and lethality in mice were 
parasite number-dependent. Additionally, the relatively 
long latent period (approximately 2 weeks) but severe 
symptoms and death of mice in the later stage reminded 
us that the infection duration was closely related to the 
parasite number inoculated. Therefore, researchers had 
better optimize the observation period and parasite num-
ber inoculated according to different isolates if needed 
before using this model.

The present study also reconfirmed the proliferation 
of T. vaginalis in mice and their invasion and metasta-
sis processes, as reported in a previous document [10]. 
The increase in free T. vaginalis in mouse ascites from 
less than 104 on the early dpi to approximately 3 × 105 
(acute) or nearly 107 (chronic) in mouse ascites before 
being executed indicated the proliferative capacity of this 
parasite in mice. Just as viewpoint by Kulda [10], many 
Trichomonas were initially eliminated by innate immune 
responses, especially by macrophages, which are consid-
ered an important line of defense to kill T. vaginalis in 
vivo [32]. After comparing the acute and chronic models 
and gaining a deeper understanding of this process, we 
propose the following opinion as a supplement: although 
the host has its original scavenging (immunoclearance) 
ability to kill the pathogen, this protection will become 
insufficient once the number of parasites reaches a cer-
tain threshold, and beyond this threshold, remaining T. 
vaginalis will gradually proliferate, and the host will then 
become sick. In the acute infection model, it is likely 

that more T. vaginalis will be able to escape from the ini-
tial host innate immune attack than that in the chronic 
mouse model. As a result, a larger number of parasites 
remaining (beyond the initial immunoclearance thresh-
old of the mice) could cause acute lesions, resulting in the 
rapid death of the infected mice before massive prolifera-
tion of T. vaginalis occurs. Conversely, after the first con-
flict between T. vaginalis and the host immune response 
in chronically infected mice, the remaining parasites 
in the abdominal cavity would be quite limited in num-
ber, resulting in a gradually slow invasion of the internal 
organs. Therefore, a more moderate pathological process 
was observed until rapid proliferation occurred. Follow-
ing this, organ tropism may enable the spreading of T. 
vaginalis. Additionally, parasites can invade or adhere to 
the internal organs of mice due to their strong adhesive 
ability [26, 33], which might be another reason for the 
decrease in free T. vaginalis in mouse ascites. This was 
also in accordance with our results that the average par-
asite density in the necrotic areas of mouse livers from 
the chronic group (0.3%) was significantly lower than that 
found in the acute group (9.8%) at 3 dpi, indicating that 
fewer parasites had escaped from the mouse immuno-
clearance in the chronic group and invaded the mouse 
livers.

As one of the most immunogenic trichomonad pro-
teins, TV-α-actinin has been widely used as the diag-
nostic target of trichomoniasis. For example, in an 
investigation of associations between T. vaginalis and 

Fig. 7 H&E and IHC staining of spleen sections from mice chronically infected with T. vaginalis at different time points. (A1-A3) Chronic-1d. (B1-B3) 
Chronic-3d. (C1-C3) Chronic-7d. (D1-D3) Chronic-14d. (E1-E4) Chronic-21d. (F1-F3) Chronic-30d. Black arrows indicate inflammatory cells; arrowheads 
indicate T. vaginalis. The black scale bars indicate 100 μm under 10× magnification, and the blue scale bars and red scale bars indicate 10 μm under 100× 
magnification. The magnified regions are outlined by rectangular boxes in the same color
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prostate cancer, a recombinant T. vaginalis α-actinin IgG 
ELISA was used to explore serologic evidence of a his-
tory of trichomoniasis [3]. Several related studies also 
revealed that epitopes of the highly immunogenic TV-α-
actinin were serodiagnostic targets for both women and 
men. The point-of-care serodiagnostic test for T. vagina-
lis has been developed based on this protein [29, 34–36]. 
Similarly, TV-α-actinin used in the present study clearly 
presented a more visualized pathological process by com-
bining H&E with IHC staining in mice at different dpi, 
especially for the localization of parasites. As we know, 
T. vaginalis usually transforms from its typical pear shape 
into an amoeboid-like shape once in contact with host 
cells [26]. These relatively inactive and atypically shaped 
T. vaginalis are often hidden among somatic cell clusters, 
making recognition of them relatively difficult in tissue 
slice by light microscopy [37, 38] even when stained with 
H&E solution. Therefore, the observer’s technical exper-
tise is usually highly required. Luckily, the high speci-
ficity of the anti-TV-α-actinin sera guaranteed no cross 
reactivity between our sera with α-actinin homologs in 
humans [28, 29], confirming the reliability of this method 
for the diagnosis of T. vaginalis in mouse organs.

As shown by H&E and IHC staining, hepatic patho-
logical changes in both the acute and chronic groups 
were gradually aggravated and characterized by disinte-
grating hepatocytes with cell debris in the necrotic area, 
inflammatory infiltrates (e.g., lymphocytes, eosinophils, 
monocytes and neutrophils) and the presence of a large 
number of parasites distributed as a fence between the 
lesion and relatively normal areas.

Particularly, neutrophils were found dramatically 
swarming around the parasites. This is consistent with 
the influx of neutrophils to the vaginal mucosa [39] of 
trichomoniasis patients. As we know, human neutrophils 
have been revealed to attack T. vaginalis in vitro [40]. A 
very interesting study found that neutrophils could rap-
idly kill T. vaginalis in a manner named “trogocytosis” 
within approximate 15  min. In which, neutrophils sur-
round and take an average of 3 to 8 “bites” on the mem-
brane of only live T. vaginalis (using phagocytosis for 
dead parasites) before their death. And this novel mecha-
nism for T. vaginalis killing is mediated by antibody-Fc 
receptor and neutrophils serine proteas in a dose-depen-
dent and contact-dependent manner [40] as well as com-
plement receptor 3 [41]. Although recent studies have 
not yet tested whether this neutrophils-trogocytosis 
manner in T. vaginalis killing occurs in vivo [42] and it 
was also failed to be observed in the current study due 
to the limitation of detection methods, research that 
used the electron microscopy and intravital imaging to 
successfully demonstrate the trogocytic killing of cancer 
cells by neutrophil in vivo [43], gives us some confidence 
to use animal models, such as the peritoneal infection 

model of T. vaginalis, to verify this phenomenon in the 
future. For the spleen, in accordance with earlier reports 
[10], a gradually increasing frequency of multinuclear 
giant cells (MGCs) was dramatically observed in patho-
logical sections of mouse spleen along with infection 
progression, indicating that the production of MGCs is 
a typical feature of this model. Bal and colleagues [44] 
considered that these MGCs consisted of several immune 
cells as a response to pathogen attack. According to IHC 
assay, T. vaginalis first sticked to the capsule of the spleen 
and then invaded the interior, causing extensive necro-
sis accompanied by large amounts of inflammatory cell 
infiltration. Surprisingly, unlike the severe damage found 
in the livers and spleens of the infected mice, only mild 
lesions and a relatively small amount of T. vaginalis were 
observed in other organs, such as the kidneys and lungs, 
at the late stages in both acutely and chronically infected 
mice. It seems that T. vaginalis has a preference for cer-
tain organs in abdominal cavity, especially for liver. This 
is, perhaps, due to the differences in their microenviron-
ment components. However, the in-depth and accurate 
mechanisms about this organ preference of T. vaginalis 
invasion need further exploration.

Interestingly, a spot of T. vaginalis were also detected 
in the hepatic vascular system by using immune stain-
ing, even in locations far from the foci of infection, 
although the number of parasites in hepatic blood was 
limited. We doubt whether this perhaps proposed a pos-
sibility that T. vaginalis could spread to other organs via 
the blood circulation from the original infection site, as 
the earlier report that trichomonads could occasionally 
survive in human blood [45]. This probably also indi-
cates another possibility that T. vaginalis could migrate 
to other organs to establish the ectopic infection by this 
way. Actually, some clinical studies have reported that 
T. vaginalis migrated into the human abdominal cavity 
and caused ascites production, or perihepatic abscess 
and perinephric abscess, occasionally [46, 47]. There-
fore, perhaps intraperitoneal infection actually reflects an 
occasionally natural infection route and research on this 
model may also be beneficial for understanding ectopic 
infection of T. vaginalis in humans. Even so, it is, after all, 
not a routine infection route of T. vaginalis in the human 
body, indicating that the usage of intraperitoneal infec-
tion model also has certain limitations compared with 
the vaginal model. For example, for exploring the effect of 
vaginal microbiota and vaginal mucosal immunity on the 
establishment of T. vaginalis infection and the interaction 
of different sexually transmitted pathogens in the vagina, 
only the vaginal model can be used due to the different 
microenvironment between the abdominal cavity and the 
vagina. Therefore, the choice of mouse models should be 
objective and rigorous.
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Conclusions
In summary, the present study focused on further reveal-
ing the progression and pathologic features of intra-
peritoneal infection of T. vaginalis in mice, especially by 
means of TV-α-actinin-based immunological detection. 
The clearer and more detailed presentation of the patho-
logic characteristics of this model, in our opinion, will 
benefit its better use in future studies.
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