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Abstract The parasite Trichomonas vaginalis causes one
of the most common non-viral sexually transmitted
infections in humans. Mycoplasmas are frequently found
with trichomonads but the consequences of this associa-
tion are not yet known. In the present study, the effects of
T. vaginalis harboring M. hominis on human vaginal
epithelial cells and on MDCK cells are described. The
results were analyzed by light, scanning and transmission
electron microscopy, as well as using cell viability assays.
There was an increase in the cytopathic effects on the
epithelial cells infected with T. vaginalis associated with
M. hominis compared to T. vaginalis alone. The epithelial
cells exhibited an increase in the intercellular spaces, a
lesser viability, and increased destruction provoked by the
infected T. vaginalis. In addition, the trichomonads
presented a higher amoeboid transformation rate and an
intense phagocytic activity, characteristics of higher
virulence behavior.
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Introduction

Trichomonas vaginalis is a common cause of vaginitis,
with worldwide distribution. Trichomoniasis is associated
with damage to superficial vaginal epithelium and a
profuse, acute inflammatory discharge [1, 2]. The parasite
infects the urogenital tract in humans displaying high
tissue and host specificity, and is responsible for the most
prevalent non-viral sexually transmitted disease [3].
Trichomoniasis has been correlated with enhanced sus-
ceptibility to HIV transmission [4, 5] and possibly to
cervical neoplasia [6], but the mechanisms of infection
and association with other microorganisms remain poorly
understood.

The association of mycoplasmas with T. vaginalis has
been described previously. Mycoplasma hominis was first
reported in T. vaginalis in 1975 [7], and one group
proposed that these bacteria could remain intact in the
trichomonad cytoplasm [8]. In recent years, there has been
strong evidence showing that numerous pathogenic myco-
plasmas can be intracellularly located, which allows
bacterial survival over extended periods [9–13]. Also, a
probably symbiotic relationship between these two organ-
isms has been suggested [12, 13]. However, the influence
of this co-infection on trichomonad behavior or its
cytopathogenicity has not yet been determined. In addition,
it has recently been shown that the symbiosis of M. hominis
in T. vaginalis may be linked to drug resistance [14].

In this report, our group searched for consequences
in the host cells and in trichomonads behavior when
T. vaginalis are mycoplasma-infected. Firstly, a non-
transformed human vaginal epithelial cell culture was
established. Other cell cultures were also used, such as
MDCK. Next, cytopathic effects provoked by T. vaginalis
infected or non-infected by M. hominis were analyzed.
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Materials and methods

Cell culture

Epithelial cells

HVECs Small fragments of vaginal mucosa were obtained
during a benign gynecological surgery, from a healthy post-
menopause donor with informed consent. The fragments
(ca. 0.5 mm) were incubated in KM/F12 (keratinocytes
medium/Dulbecco modified Eagle medium) at 37°C in an
atmosphere of 5% CO2. The cell confluence was reached
usually within 1–2 weeks. Fibroblasts and epithelial cells
were separated by differential trypsinization [15]. The
purity of epithelial cells was determined by using an anti-
multicytokeratin MAb (FK-Biotec, RS, Brazil), and a MAb
against human prolyl-4-hydroxylase (Dako, Denmark).
Human vaginal epithelial cells (hVECs) were cultured to
confluence and subcultured in KM/F12 supplemented with
Ham’s F12 nutrient mixture (3:1), fetal bovine serum
(10%), insulin (5 μg/ml), transferrin (5 μg/ml), hydrocor-
tisone (0.45 μg/ml), L-glutamine (584 mg/L), Triiodo-L-
thyronine (2×10−9M), and penicillin-streptomycin mixture.
Only cultures in the first passages were used.

MDCK cells The MDCK cells ATCC (N° CCL-34) were
cultured in 25-cm2 flasks with D-MEM (Dulbecco modified
eagle medium) supplemented with 10% fetal calf serum at
37°C, with passages every 48 h.

Parasites

The JT strain of Trichomonas vaginalis was isolated at
the Hospital Universitário, Universidade Federal do Rio
de Janeiro, Brazil, and has been maintained in culture
for several years. This isolate was artificially infected
with Mycoplasma hominis as described below. The T016
strain is a fresh isolate kindly provided by Dr. John F.
Alderete (Department of Microbiology, University of Texas
Health Science Center, USA), presenting high virulence.
Tritrichomonas foetus, K strain, a cattle parasite isolated
in Rio de Janeiro, Brazil, was used as control.

The cells were cultivated for 24 h at 36.5°C, which
corresponds to the end of the logarithmic phase of
growth. All strains were cultivated in Trypticase - yeast
extract - maltose (TYM) medium [16] supplemented with
10% fetal calf serum, for 24 h. These cultures were then
centrifuged at 150g for 5 min, resuspended in TYM
medium and used in interaction assays. The investigation
for bacterial contamination was performed by DAPI,
TEM, antibodies anti-mycoplasmas and PCR using the
VenorGen® detection kit (Sigma, USA).

Mycoplasma hominis

M. hominis was purchased from ATCC (N° 23114), and
was first cultured in horse serum for 24 h. The culture
was centrifuged at 3,000g for 10 min, and the super-
natants were filtered through a 0.45 μm-pore-size filter
membrane. Aliquots of the filtered supernatant were
inoculated in horse serum and then incubated at 37°C in
horse serum or D-MEM supplemented with 10% horse
calf serum. The bacterial contamination control was
performed by PCR using the VenorGen® detection kit.
Afterwards, M. hominis was co-incubated in T. vaginalis
JT culture in a proportion of 5% (v/v). For other experi-
ments, cultures were treated with antibiotics: 250 μg/ml
Amikacin (Bristol-Myers Squibb), and/or 10μg/ml Cipro-
floxacin (BioChimico) for 2 h in order to eliminate
extracellular bacterial contaminants.

Saccharomyces cerevisiae

Saccharomyces cerevisiae was grown in warm water
(37°C) from yeast powder (Fleischmann, Jundiaí, SP,
Brazil). The cells were washed three times with warm
sterile PBS (phosphate buffer saline), pH 7.2, centrifuged
for 5 min at 3,000g at room temperature, and then
resuspended in fresh TYM medium to obtain a concentra-
tion of 5×107 cells/ml. The yeast cells were used
immediately.

Determination of in vitro antibiotic susceptibility

The MICs (minimal inhibition concentration) of Gentami-
cin, Ciprofloxacin and Amikacin for M. hominis isolate
was determined as previously described [17].

All samples were incubated at 37°C. Every 24 h,
100 μl of each broth culture was harvested and centri-
fuged at 20,000g for 20 min. The pellet was then washed
once in phosphate-buffered saline (PBS) and resuspended
in fresh antibiotic-free medium. Bacterial growth was
determined over the next 15 days, by evaluating both the
induction of color change of the D-MEM media and DAPI
staining in fluorescence microscopy. The mycoplasma-free
T. vaginalis JT isolate was cultivated for 1 week in the
presence of the same concentrations of antibiotics to assess
the absence of any toxic effects of the antibiotics.

Epithelial cells/parasite interaction procedures

The epithelial cells were grown in sterile plastic bottles
until confluence. For interaction assays, culture tubes with
106 cells/ml were chilled for parasite detachment and
centrifuged at 1,500g. The supernatant was discarded and
the pellet resuspended in interaction medium (KM/F12:
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TYM 2:1). The interaction assays were performed using
10:1 parasites to epithelial cells for different lengths of
duration. Cells were treated with Gentamicin to avoid
external bacterial contamination.

Fluorescence microscopy

DAPI

In order to check for the presence of mycoplasmas and also
for possible morphological changes in the nucleus, cells
were stained with 5 μg/ml DAPI (Molecular Probes, USA)
for 15 min, and examined in an Axiophot II Zeiss
microscope. Images were acquired with a Hamamatsu
chilled CCD camera C5985, and processed using Adobe
Photoshop (Adobe, USA).

Immunofluorescence

Parasites were fixed with 4% paraformaldehyde in 0.1M
sodium phosphate buffer, pH 8.0, and allowed to adhere
to poly-L-lysine coated glass coverslips. Both the epithe-
lial cells and trichomonads were treated with 3% Nonidet
P-40 for 40 min and then with cold acetone for 15 min.
Next, the fixed cells were quenched using 50 mM
ammonium chloride, and 3% bovine serum albumin in
PBS (BSA/PBS). The cells were incubated overnight at
4°C, with the following monoclonal antibodies: (1) mono-
clonal anti-human-IV, V, VI, VII, X, XIII, XVIII cytokeratin
antibodies (FK-Biotec, RS, Brazil) for hVECs; and (2)
monoclonal anti-human prolyl-4-hydroxylase antibody
(DAKO-Denmark) specific for fibroblasts. Cells were also
stained with 5 μg/ml DAPI for nucleus staining. Cells were
washed, incubated with anti-mouse antibody- rhodamine-
conjugated, and examined as described in 2.4.1.

Scanning electron microscopy

After parasite interaction with the epithelial cells, samples
were fixed in 2.5% glutaraldehyde in 0.1M sodium
cacodylate, pH 7.2, and post-fixed with 1% OsO4.
Afterwards, the cells were washed in PBS, post-fixed for
5 min in 1% OsO4, dehydrated in ethanol, critical point
dried with CO2, and sputter-coated with gold-palladium.
The samples were examined in a JEOL 5800 scanning
electron microscope.

Transmission electron microscopy (TEM)

After parasite interaction, cells were fixed as described
above, post-fixed in 1% OsO4 in cacodylate buffer and
0.8% potassium ferricyanide for 30 min, dehydrated with
acetone, and embedded in Epon. Ultra-thin sections were

stained with uranyl acetate and lead citrate and observed
in a JEOL 1210 electron microscope.

Amoeboid transformation

T. vaginalis amoeboid transformation rate was determined
after 60 min of interaction of parasite with hVECs.
Trichomonad size and shape were analyzed in 100 random
fields using a Zeiss inverted microscope. Results were
expressed in percentages. Three independent duplicate
experiments were performed.

Trypan blue cell viability assay

The epithelial cells, such as hVECs and MDCK, were
subcultured in 24-well plates, and Trypan blue cell viability
assay was performed when confluence was reached. At this
time, each well contained approximately 2×105 cells/ml.
Parasites were added, and viability was analyzed after 1 h,
2 h, 4 h, and 24 h. The following strains/isolates were used:
T. vaginalis JT (control, non-infected cells), T. vaginalis JT
artificially contaminated with M. hominis, and T. foetus
(control). After interaction, the epithelial cells were de-
tached by trypsinization, centrifuged and resuspended in a
0.4% Trypan blue solution in sterile PBS for 1 min. Cell
counting was performed in a Neubauer hemocytometer. The
epithelial cells incubated only with TYM medium, without
trichomonads, were used as control.

Cell viability assay

Epithelial cells were incubated with T. vaginalis (either
M. hominis infected or mycoplasma-free), and allowed to
interact in a cell ratio of 10:1 parasites:epithelial cell, for
different times at 37°C. For control experiments, parasites
were not added to the epithelial cells and additional
control was performed with the incubation of M. hominis
to MDCK culture. At the end of the incubation periods,
the remaining cells were fixed with 2% (wt/v) parafor-
maldehyde, washed in PBS and stained with 0.13% crystal
violet 1. The stained material was read in a spectrofluo-
rimeter at a wavelength of 570 nm. Cytotoxicity was
calculated as 1 - (E/C); i.e., all measurements of
experimental (E) samples (A570) were indexed to those
of control (C) samples (E/C), which showed no loss of
cells from the well and subtracted from 1.0.

Phagocytosis assays

T. vaginalis (strain JT and JT infected with M. hominis-)
were co-incubated with yeast cells, in a ratio of parasite:
yeast of 1:20, for 2 h at 37°C as described previously [18].
Three preparations were analyzed by differential interfer-
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ential contrast microscopy (DIC) in order to evaluate the
number of T. vaginalis containing yeast cells. Forty-eight
microscopic fields were randomly selected, and 1,000
parasites were counted in each individual preparation.

Statistical analysis

The following experiments were statistically analyzed: (1)
rate of amoeboid transformation, (2) cell viability assays,
and (3) phagocytic activity. Independent counting was
pooled when the coefficient of variance could be assumed
identical. Statistical significance was evaluated using two-
sample t-test (n = number of independent experiments). A
P- value of <0.05 was considered significant.

Results

Establishment of human vaginal epithelial cell culture

In order to investigate the cytopathic effects of T. vaginalis
harboring mycoplasmas, a human primary vaginal epithelial

cell (hVECs) system was used. After confluence, these cells
exhibited morphology and growth characteristics similar to
in vivo vaginal epithelial cells, such as stratified layers
(Fig. 1a), close cell-cell contact (Figs. 1b and 2a), presence
of desmosomes (Fig. 1b) and homogeneous population
(Fig. 2a). Interestingly, the stratified layers formed pre-
sented an organized parabasal and multiple non-cornified
layers (Fig. 1a), which were considered analogous to native
human vaginal–ectocervical tissue, remarkably distinguish-
ing it from previous described cell culture models, such as
MDCK. These characteristics were maintained during six
culture transfers. The hVECs were positive for cytokeratin
showing the epithelial nature of vaginal primary cultures
and negative for mycoplasmas (not shown).

MIC for M. hominis

In order to assess whether M. hominis is associated with the
membrane, is able to reside inside T. vaginalis cells, or was
cleared from the infected protozoa, cells were treated with
antibiotics as described above. Gentamicin proved to be
bactericidal in either DEMEM or horse serum medium at a

Fig. 1 General views of hVECs. a Scanning electron micrograph of
primary hVECs, showing three distinct cell layers (c1, c2, c3), as
evidence of culture stratification and cellular differentiation. Note that
the upper layer is characterized by the presence of squamous cells
(c1). Bar=2 μm. b TEM of primary hVECs. Note that these cells
present regular shape and a close cell-cell contact. Desmosomes are
also observed (arrows). Bar=1.5 μm. c TEM of interaction of hVECs

with T. vaginalis no-infected with M. hominis after 1 h of co-
incubation. The hVECs exhibit normal sub-structure with healthy
mitochondria (M). A tight adhesion between both cells are observed.
C Costa; H hydrogenosome, N nucleus. Bar = 1 μm. d TEM of
interaction of hVECs with T. vaginalis infected with M. hominis after
1 h of co-incubation. The hVECs exhibit intense vacuolization and
several myelin-like figures (arrows). Bars=700 nm
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concentration of 3.125 μg/ ml, while MIC of Ciprofloxacin
was 2.5 μg/ ml and 62.5 μg/ ml for Amikacin. After
gentamicin treatment, DAPI fluorescence and electron
microscopy revealed the absence of mycoplasmas in the
extracellular medium.

Interaction assays T. vaginalis × hVECs

Trichomonas were added in approximately 10:1 ratio of
hVECs, over a 45- to 90-min period for electron micros-
copy analysis. During the interaction, parasites adhered to
epithelial cells and aggregated forming clusters (Figs. 2b,c
and 3a,b). When mycoplasma-free T. vaginalis were used in
interaction experiments the epithelium exhibited less
damage (Figs. 2b and 3a) than those T. vaginalis harboring

M. hominis (Fig. 2c). Interestingly, parasites harboring
mycoplasmas exhibited a more evident amoeboid transfor-
mation (Fig. 3b). Moreover, different cell sizes and very
distinct shapes could also be observed by mycoplasma-
infected trichomonads (Fig. 3c,d).

TEM analyzes extended and confirmed differences in
behavior and cytopathic effects provoked by the T.
vaginalis used here. Morphologic damage was more intense
when parasites were harboring M. hominis (Fig. 1d) when
compared with non-infected cells (Fig. 1c). Many hVECs
displayed an evident cell death morphology, such as intense

Fig. 3 SEM views of interaction of hVECs with T. vaginalis after 1 h
of co-incubation. a T. vaginalis JT, a mycoplasmas-free isolate. b–d T.
vaginalis JT artificially infected with M. hominis. The parasites are
seen adhered in clusters (a, b), with evident epithelium damage. Note
that the parasites are attached even during the mitosis (a, arrows) and
their membranes are seen closely apposed (a, c, arrowheads and
inset). In c, T. vaginalis infected with M. hominis presented higher
rates of ameboid transformation and exhibits an enhanced forms,
presenting elongated membrane projections (c, d). Bars: a 10 μm,
inset 5 μm; b 20 μm; c, d 10 μm

Fig. 2 SEM of effects provoked by T. vaginalis on hVECs. a hVECs
control. Note the presence of close cell-cell contacts. b, c Effects of T.
vaginalis JT, T. vaginalis harboring M. hominis, on hVECs after 1 h of
interaction, respectively. Bars=20 μm
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cell vacuolization, vacuoles containing myelin-like figures
(Fig. 1d), and membrane blebbing.

Epithelial cells viability after T. vaginalis interaction

In order to quantitatively estimate the damage provoked by
trichomonas on hVECs, Trypan blue exclusion assay was
performed as well the crystal-violet assay. T. vaginalis

mycoplasma-free and mycoplasma-infected induced alter-
ations in hVECs viability. However, as seen in Fig. 4, T.
vaginalis harboring M. hominis provoked a more intense
cytopathic effect. These effects were observed as early as
1 h of interaction, with a striking decrease in hVECs
viability within 4 h, and complete epithelial destruction
within 24 h when infected trichomonads were used in the
interactions assays (Fig. 4). In addition, 100% hVECs

Fig. 5 Graphic showing the cytotoxicity exerted by T. vaginalis
mycoplasmas-infected and mycoplasmas-free when in interaction with
MDCK cells. Note that infected T. vaginalis exhibits almost twice

damage after 48 h interaction. Controls were performed only with M.
hominis in order to exclude possible effects caused by the bacteria

Fig. 4 Comparison of cytotoxicity between T. vaginalis isolates
mycoplasmas-free and infected-trichomonas against hVECs. Trypan
blue exclusion assay was used to determine cell viability. When
hVECs were co-incubated with T. vaginalis harboring mycoplasmas

their viability was decreased in the first hours, whereas hVECs with
no parasite interaction (control) remained 97% viable after 24 h. The
values are expressed as the percentage of living hVECs, and they
represent averages of three independent duplicate experiments
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destruction in 24 h was only achieved with T. vaginalis
harboring M. hominis, whereas T. vaginalis mycoplasma-
free left 24% of hVECs viable after 24 h. hVECs without
co-incubation with trichomonads remained 97% viable after
24 h. These results were confirmed with crystal violet
staining assay (Fig. 5). It is important to point out that
mycoplasma-infected T. vaginalis were not able to com-
pletely destroy the MDCK monolayer within 24 h, thus
causing less damage than to the hVECs.

Amoeboid transformation analysis

T. vaginalis harboring M. hominis presented a higher rate of
amoeboid transformation when compared to the mycoplasma-
free isolates (Fig. 6). In addition, T. vaginalis infected with
M. hominis presented amoeboid transformation rates even
higher than T. vaginalis T016, which is a fresh isolate. The
differences were statistically significant (P < 0.01 by two
sample t-test).

Phagocytosis assay analysis

The phagocytic ability (average number of parasites
containing yeast cells) was determined in both T. vaginalis
mycoplasma-free, and infected with M. hominis (Fig. 7).

Fig. 7 Phagocytic analyzes of S. cerevisiae by T. vaginalis. T.
vaginalis containing yeast cells in intracellular vacuoles were counted.
Analyzes represent averages of three independent triplicate experi-
ments. Note an intense phagocytic activity in trichomonad mycoplasma-
infected. ± SD. *P-value <0.05 as compared with JT strain of T.
vaginalis

Fig. 6 Amoeboid transformation of T. vaginalis when co-incubated in
the presence of hVECs. T. vaginalis JT is mycoplasma-free (control) is
compared with T. vaginalis infected with M. hominis. Note a higher
rate of amoeboid transformation in parasites infected with mycoplas-

mas. The values show the percentage of amoeboid transformation rate
by parasites and represent averages of three independent duplicate
experiments ± SD. *P-value <0.05 as compared with JT strain of T.
vaginalis (two-sample t-test)
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When the strain JT was artificially infected with M.
hominis and then used to ingest S. cerevisiae, its
phagocytic capacity was found significantly higher (P <
0.05) when compared to the original microorganism-free
JT strain.

Discussion

The mechanisms of trichomoniasis infection have been
intensely studied [1, 19–21], although the effects of co-
infections have been poorly evaluated. It has been
proposed that the presence of bacteria could interfere with
several cell–cell interactions in both parasites and host
cells [22]. In addition, recent reports have proposed a
different association of mycoplasmas with T. vaginalis
[13], although no correlation with parasite virulence was
raised. Despite being similar to the cell cultures previously
described [23, 24], the hVECs obtained in this study
presented unique characteristics such as homogeneity
among cell populations, junctional complexes including
desmosomes, and also stratification. Their purity and
epithelial origin were certified by immunoassays for
cytokeratin, and host-specificity was confirmed based on
the parasite’s ability to adhere and destroy the hVECs in
few hours.

Previous remarks by other authors have pointed out
that it might be uncertain whether the virulence factors
and cytopathic effects analyzed so far are species-
specific, since T. vaginalis is not naturally occurring in
most previous models [3]. Therefore, we used primary
hVECs as a model. Protozoa co-infected with mycoplasmas
displayed a distinct altered behavior and a higher
virulence, as seen by higher ameboid transformation
rates and a more intense phagocytic capacity. Further-
more, a decrease of hVECs viability and an increase in
hVECs intercellular disruption were also evident when
infected protozoa were used. Thus, co-infections with T.
vaginalis and mycoplasmas provoke extended cytophato-
genic effects.

Krieger et al. [25] stated that T. vaginalis could disrupt
epithelial layers and reach deeper cells in tissues. In the
present study when hVECs were used, realistic evidence
was achieved.

Amoeboid transformation has been correlated to tricho-
monad virulence [26, 27]. Accordingly, we have observed
that isolates that exhibited a higher amoeboid transforma-
tion rate were also those that provoked severe damage to
hVECs, and thus are considered more virulent. Moreover,
different phagocytic abilities have been reported for several
parasite isolates and a virulence correlation has been
established [18, 28, 29]. The phagocytic ability of T.
vaginalis isolates to harbor M. hominis was significantly

higher, as compared with mycoplasma-free isolates. These
results support the hypothesis that T. vaginalis harboring M.
hominis presents higher virulence, as compared with
mycoplasma-free trichomonads [30].

It is important to point out that the epithelial cells
showed morphological characteristics of cell death when
exposed to infected T. vaginalis, such as an intense
vacuolization, presence of myelin-like figures, membrane
disruption. These effects caused by trichomonads infected
with M. hominis are similar to those previously observed in
viral infections in epithelial cells [31].

No information regarding the role of Mycoplasmas in T.
vaginalis pathogenesis has been previously addressed.
These relationships may improve the understanding of the
factors involved in T. vaginalis virulence and new clinical
aspects of the disease when the parasite is associated with
other microorganisms.
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