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a  b  s  t  r  a  c  t

In the  present  study  the  interaction  of three  genetically  different  clonal  cultures  of  Tri-
chomonas  gallinae  and  Tetratrichomonas  gallinarum  with  a permanent  chicken  liver  (LMH)
and a  permanent  quail  fibroblast  (QT35)  cell  culture  was  studied.  Proliferation  of  T.  gallinae
cells was  associated  with  a  disintegration  of  the cell  monolayer.  The  initial  lesions  on  the
LMH monolayer  consisted  of a progressive  accumulation  of  the  flagellate,  forming  clumps
attached to  the  monolayer.  A prolonged  incubation  time  was  characterized  by  appearance  of
holes  in  the  cell  monolayer  with  accumulation  of  trichomonads  at their  periphery.  Accord-
ing to  the  severeness  of the  monolayer  disruption  differences  among  three  tested  T.  gallinae
clones  were  noticed.  Furthermore,  filtrates  obtained  either  from  axenic  cultures  of  T.  galli-
nae  or  from  infected  cell  cultures  produced  a cytopathogenic  effect  similar  to the  protozoal
cells,  on  both  types  of  cell  cultures.  However,  the  destructive  effect  of the  flagellates  and
their cell-free  filtrates  was  much  more  pronounced  on the  LMH  monolayer  in comparison
with the  QT35  cells.  Furthermore,  freshly  seeded  LMH  and  QT35  cells  suspended  in  cell-free
filtrates of  T.  gallinae  were  unable  to  form  a confluent  monolayer.  In comparison  to  T.  gal-
linae, clonal  cultures  of T.  gallinarum  or  their  cell-free  filtrates  produced  no effect  on both

types of  monolayers.  Interestingly,  the  cell-free  filtrates  obtained  from  both  trichomonad
species  had an  effect  on  the  viability  of  both  cell  cultures.  However,  the  cytotoxic  effect  of  T.
gallinarum  filtrates  was  less  severe  than  that recorded  by T. gallinae.  Consequently,  for  the
first time  a  destruction  of  specified  monolayers  induced  by  T. gallinae-free  filtrates  could
be  demonstrated.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Trichomonas gallinae is a known pathogen causing avian
richomonosis in various bird species, especially pigeons
nd doves. The flagellate commonly inhabits the upper
art of the digestive tract (Stabler, 1954). Recently, sev-
Please cite this article in press as: Amin, A., et al., Trichomonas
induces distinctive cytopathogenic effects in tissue cultures. Ve

ral severe outbreaks were reported among wild birds
ue to T. gallinae infection resulting in a decreased num-
er of these birds (Work and Hale, 1996; Neimanis et al.,
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2010; Robinson et al., 2010). Former studies have demon-
strated that certain strains of T. gallinae vary with regard to
their pathogenicity, ranging from non-pathogenic to highly
pathogenic (Stabler, 1954; Bondurant and Honigberg,
1994). Interestingly, prolonged axenic cultivation of a very
virulent T. gallinae strain (Jone’s Barn (JB) strain) in non-
living media caused a loss in pathogenicity (Goldman and
Honigberg, 1968). Differences in pathogenicity may  also
reflect the genetic diversity reported for T. gallinae strains
 gallinae, in comparison to Tetratrichomonas gallinarum,
t. Parasitol. (2011), doi:10.1016/j.vetpar.2011.11.037

(Gerhold et al., 2008; Anderson et al., 2009; Grabensteiner
et al., 2010).

In vitro systems based on tissue cultures are a suitable
method for studying a cytopathogenic effect of protozoa

dx.doi.org/10.1016/j.vetpar.2011.11.037
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(Alderete and Pearlman, 1984; Garber et al., 1989), because
the direct observation of monolayer destruction enables an
efficient determination of the mechanism of pathogenic-
ity of a certain strain. However, only a few studies were
performed so far demonstrating the infection of cell cul-
tures with T. gallinae (Honigberg et al., 1964; Kulda, 1967).
Honigberg et al. (1964) examined the effect of one viru-
lent (Jone’s Barn) and a non-virulent (Lahore) strain on
a trypsin-dispersed chick liver cell culture. The authors
showed that there are significant differences between the
two strains, while the effect of a cell-free filtrate obtained
from an actively grown virulent trichomonad strain was
relatively minor. In a second study a monkey kidney cell
line was used as substrate (Kulda, 1967), suggesting that
abnormal changes in the cell culture were induced by T.
gallinae but not by the supernatant of the growth media.
In addition to these studies, destruction of tissue culture
cells through direct contact of protozoa is well described
for Trichomonas vaginalis, a close relative of T. gallinae
(Alderete and Pearlman, 1984; Arroyo and Alderete, 1989;
Gilbert et al., 2000). Cytopathogenic changes in tissue cul-
ture were also observed following the exposure of cells to
toxic substances released by T. vaginalis into the culture
media (Garber et al., 1989; Pindak et al., 1993; Fiori et al.,
1996; Sommer et al., 2005).

Tetratrichomonas gallinarum is a flagellated protozoan
with a worldwide distribution, commonly inhabiting the
intestinal tract of different poultry species (Friedhoff et al.,
1991). Until now there are some controversies about
the pathogenicity of T. gallinarum (Allen, 1941; Norton,
1997). This was also attributed to the frequent occurrence
of mixed infections with other protists like Histomonas
meleagridis and Blastocystis sp. (Tyzzer, 1920). Recently,
we demonstrated the absence of clinical signs, macro-
scopic and microscopic lesions following infection of either
turkeys or specified pathogen-free chickens with T. gal-
linarum (Amin et al., 2011). The lack of pathogenicity is
in agreement with the study mentioned above in which
T. gallinarum strains grew on monkey kidney cell culture
without any effect on these cells (Kulda, 1967).

As none of the studies reported so far applied geneti-
cally defined clonal cultures to different kind of cells the
present study had several aims. Firstly, to demonstrate the
direct interaction of genetically diverse clonal cultures of
T. gallinae and T. gallinarum with permanent chicken liver
(LMH) and permanent chicken fibroblast (QT35) cells and
secondly, to elucidate possible differences between tri-
chomonads and their cell-free filtrates on these cells.

2. Materials and methods

2.1. Clonal cultures

Three genetically different clonal cultures of T.
gallinae named T. gallinae/Budgerigar/Austria/5895-
C1/06 (briefly, clone 5895-C1/06), T. gallinae/Racing
Pigeon/Austria/8855-C3/06 (clone 8855-C3/06), T. galli-
Please cite this article in press as: Amin, A., et al., Trichomonas
induces distinctive cytopathogenic effects in tissue cultures. Ve

nae/Racing Pigeon/Austria/231-C1/07 (clone 231-C1/07),
and three genetically different clones of T. gallinarum:
T. gallinarum/Turkey/Austria/2721-C7/03 (clone 2721-
C7/03), T. gallinarum/Turkey/Germany/4114-C5/05 (clone
 PRESS
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4114-C5/05), T. gallinarum/Turkey/Austria/8386-C15/06
(clone 8386-C15/06) were investigated (Grabensteiner
et al., 2010; Amin et al., 2010). The assignment reflects the
species of bird/country of origin/diagnostic number-clone
number/year of isolation. All clonal cultures were inves-
tigated at two different in vitro passages (P) ranging from
P10 to P121 for T. gallinae and P8–P575 for T. gallinarum.
Exceptional to this, the T. gallinarum clonal culture 8386-
C15/06 was investigated at passage level 8 and 12, only.
High passages were achieved by routine transferring of
cultures into fresh media every 48 h as described recently
(Amin et al., 2010).

2.2. Cell cultures

Permanent chicken liver (LMH) and a Japanese quail
fibroblast (QT35) cell lines were grown in Medium
199 (M199) + Earle’s salts + l-glutamine and Dulbecco’s
minimal essential medium (DMEM) + d-glucose + l-
glutamine + sodium phosphate + sodium pyruvate
(Invitrogen/Gibco, Paisley, UK), respectively (Kawaguchi
et al., 1987; Moscovici et al., 1977). Both media were
supplemented with 10% of fetal bovine serum (FBS), 10%
tryptose phosphate broth, 0.5% from a stock solution
containing penicillin (40,000 IU/ml) and streptomycin
(40 mg/ml) (all Invitrogen/Gibco, Paisley, UK). 1 ml of the
media suspension containing 1 × 106 cells was inoculated
into 75 cm2 flasks with filtered caps (Sarstedt, Wiener
Neudorf, Austria) containing 6 ml  medium. Cells were kept
in a controlled atmosphere of 5% CO2 at 37 ◦C and around
85–90% humidity. Cells were only used if a confluent
monolayer of LMH  and QT35 cells was  noticed which
usually appeared after 72 h of incubation and 7 × 106 cells
per flask were counted on average. Cells were passaged
every three to four days depending on their density.

2.3. Propagation and preparation of trichomonad
cultures for infection

Following axenization, T. gallinae clones were grown in
Hollander fluid (HF) medium, while T. gallinarum clones
were grown in modified T. vaginalis (TV) medium as
described recently (Amin et al.,  2010). At 24 h post incu-
bation (p.i.), the trichomonad culture was centrifuged at
3300 × g for 5 min; the pellet was  washed three times
by suspension in phosphate buffer saline (PBS, pH 7.2)
and centrifugation. Afterwards the pellet was  suspended
in 1 ml  M199 or DMEM for LMH  and QT35 cells, respec-
tively. Motile trichomonads were counted by a Neubauer
cell counting chamber (Reichert, Buffalo, NY). The con-
centration of the inoculum was  adjusted to contain
approximately 103 and 105 motile trophozoites suspended
in 500 �l medium. Confluent LMH  and QT35 monolayers
were infected with T. gallinae and T. gallinarum tropho-
zoites. Cells were kept in a controlled atmosphere of 5%
CO2 at 37 ◦C and around 85–90% humidity and exam-
ined daily using a light inverted microscope, to assess the
 gallinae, in comparison to Tetratrichomonas gallinarum,
t. Parasitol. (2011), doi:10.1016/j.vetpar.2011.11.037

degree of monolayer destruction. Control flasks containing
cell cultures only, or flasks with trichomonads suspended
in relevant media without tissue culture cells were incu-
bated under the same condition. To measure the effect of

dx.doi.org/10.1016/j.vetpar.2011.11.037
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ifferent concentrations of individual trichomonads at dif-
erent passages on intact cell cultures the experiments
ere done in duplicate and repeated twice. For calculation

f the final score the mean of each treatment was used.

.4. Growth of trichomonads in cell cultures

For proliferation assay each monolayer was  infected
ith 105 trichomonads, which were counted at differ-

nt time points (24, 48, 72, 96 and 120 h p.i.). For this,
he medium from infected flasks was aspirated and the

onolayer was washed two times with PBS which was
ater added to the medium. After this the monolayer

as trypsinized with 0.2% trypsin to detach cells, and
richomonads were counted. The total number of tropho-
oites, consisting of trichomonads which were not attached
o the cells and present in the mixture of medium and PBS
ogether with the trophozoites attached to the cell cultures,
as determined. To evaluate if both cell lines secreted a

rowth factor able to sustain the growth of trichomonads,
05 protozoal cells were suspended in filtrates obtained
rom supernatants collected from non-infected LMH  and
T35 monolayers. Such filtrates were collected at differ-
nt time points (24, 48, 72 h p.i.). This growth assay was
lso performed by inoculating 105 trichomonads in fresh
199 and DMEM. Each treatment was done in triplicate

nd the mean of each treatment was used for calculating
he number of viable flagellates.

.5. Preparation of cell-free filtrates either from
xenically grown trichomonad cultures or from infected
MH  and QT35 cells

For preparation of cell-free filtrates different concentra-
ions (103, 105, and 107 cells) of T. gallinae and T. gallinarum
ultures were incubated for 24 h in M199 or in DMEM,
he same medium as used for growing LMH  and QT35
ells, respectively. Prior to incubation the protozoal cells
ere washed three times with PBS (pH 7.2). For this, tri-

homonad cultures were centrifuged at 3300 × g for 5 min
fter which the supernatants from the cultures were fil-
ered through a 0.22 �m cellulose acetate filter (Millipore,
WR) as described for T. vaginalis (Garber et al., 1989).
ell-free filtrates were also prepared from dead flagellates
hich were obtained from tubes incubated for 72 h.

Additionally, cell-free filtrates were collected at differ-
nt time intervals (24, 48 and 72 h p.i.) from infected LMH
r QT35 monolayers and prepared as mentioned above.
bsence of trichomonads was confirmed by incubation of

he cell free-filtrate in flasks without cell culture through-
ut the whole incubation period.

The pH of the filtrates was adjusted to the pH of the
resh medium used for growing the cell cultures. The fil-
rates were added to LMH  or QT35 cells and incubated in
% CO2 at 37 ◦C and around 85–90% humidity. The filtrates
ere tested in duplicate with two repetitions and the mean
Please cite this article in press as: Amin, A., et al., Trichomonas
induces distinctive cytopathogenic effects in tissue cultures. Ve

f each treatment was used for evaluation of the scoring
esion produced by cell-free filtrates in cell cultures.

Furthermore, all filtrates were also added to freshly
eeded LMH  and QT35 cells to investigate the effect of these
 PRESS
logy xxx (2011) xxx– xxx 3

filtrates on the proliferation rate of such cells. Each treat-
ment was  done in duplicate.

2.6. Assessment of LMH  and QT35 monolayers

Each monolayer was  investigated visually by an
inverted light microscope (10×) to detect the effect of the
protozoal cells and the cell-free filtrates on LMH  and QT35
monolayers. According to the degree of monolayer destruc-
tion, the following scoring system was established:

0 = intact monolayer
1 = up to 25% of the monolayer destructed
2 = 25–50% of the monolayer destructed
3 = 50–75% of the monolayer destructed
4 = more than 75% of the monolayer destructed.

2.7. Determining the effect of axenically derived cell-free
filtrates on the viability of LMH and QT35 cells

Viability of LMH  and QT35 cells was determined by
trypan blue staining following trypsinization of the mono-
layer. This procedure was carried out following incubation
of the cell cultures with filtrates collected from 107 axeni-
cally grown trichomonad-cultures after 24 h of incubation
as described above. The cells were counted using a count-
ing chamber (Reichert, Buffalo, NY) and cell viability was
determined as a percentage of the total cells counted. Via-
bility of the cell cultures was determined at different time
points (24, 48 and 72 h p.i.). Moreover, the ability of these
cells to form a monolayer after washing, trypsinization and
suspension in fresh medium was  investigated, as additional
criteria for viability. Each sample was  done in triplicate and
the mean of these counts was used for calculation of the
percentage of the viability of LMH  and QT35 cells.

2.8. Cytotoxicity of cell-free filtrates obtained from
axenically grown trichomonad cultures

To confirm the effect of the cell-free filtrates on the via-
bility of cell cultures, CellTiter 96® aqueous one solution
cell proliferation assay (Promega Corporation, Madison,
USA) was used following manufacturer’s instructions. The
cell-free filtrates from 107 axenically grown trichomonad
cells were prepared as described above. A total of 200 �l of
the filtrates was added to confluent LMH  and QT35 mono-
layers grown in 96-well plates. The viability of the cells
was demonstrated at different time points (24, 48 and 72 h
p.i.). For control, the monolayers were incubated with fresh
medium only. Each sample was  done in quadruplicate and
the data was expressed as mean ± MSD. The absorbance
values were recorded at 490 nm using an enzyme-linked
immunosorbent assay (ELISA) plate reader. The cytotox-
icity in this assay was defined as 1 − E/C, where E is the
absorbance values of experimental samples and C is the
absorbance value of control samples as described previ-
 gallinae, in comparison to Tetratrichomonas gallinarum,
t. Parasitol. (2011), doi:10.1016/j.vetpar.2011.11.037

ously for T. vaginalis (Gilbert et al., 2000). The obtained
values were recorded as percentage values and the statisti-
cal analysis was  done by ANOVA followed by Tukey’s test.
P values of ≤0.05 were considered significant.

dx.doi.org/10.1016/j.vetpar.2011.11.037
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2.9. The effect of different pH values on LMH  and QT35
monolayers

To assess the effect of different pH values on LMH and
QT35 monolayers, 1 M NaOH and 1 M HCl were used to
adjust the pH of the media to various degrees (6, 6.5, 7,
7.5, 8 and 8.5). Unadjusted media were used as controls.
Beside visual examination of the monolayer by an inverted
microscope, the viability of the cells incubated with dif-
ferent pH values at various time points (24, 48, 72, 96,
120 and 144 h p.i.) was determined by both trypan blue
staining and CellTiter 96® aqueous one solution cell pro-
liferation assay (Promega Corporation, Madison, USA). The
experiments were done in triplicate and the mean of each
treatment was used for calculation the percentage of cell
cultures viability.

3. Results

3.1. Growth of trichomonads in cell cultures

After inoculation of LMH  and QT35 monolayers with
105 T. gallinae cells which underwent only a few in vitro
passages, the number of trophozoites of different T. gal-
linae clones increased (Fig. 1A and C). In the absence of
either LMH or QT35 cells the protozoa were still able to sur-
vive for at least 24 h in the respective tissue culture media,
although multiplication rate was rather low (Fig. 1A and C).
The time of survival could be extended if the protozoa were
incubated together with the filtered supernatant obtained
from non-infected LMH  or QT35 cells at various time points
(24, 48 and 72 h p.i.). Exemplarily, the growth of protozoa
in supernatants from LMH  and QT35 monolayers collected
after 72 h of incubation is shown in Fig. 1A and C. No signifi-
cant differences (P > 0.05) in the proliferation rate could be
demonstrated between different clonal cultures of T. gal-
linae on LMH and QT35 cells. In comparison to T. gallinae,
the presence of LMH  or QT35 cells had no significant effect
on the growth of T. gallinarum (Fig. 1B and D). The number
of in vitro passages had no effect on the proliferation of all
tested T. gallinae and T. gallinarum cultures.

3.2. Interaction of trichomonads with cell cultures

The interaction of three T. gallinae clones applying
different concentrations (103–105) with LMH  cells was
analyzed from 24 h until 120 h post infection (Fig. 2). After
24 h post infection the inoculated organism tended to
attach to the monolayer and proliferate, forming clumps
of the protozoan cells (Fig. 2 B). The size and number of
such clumps increased with prolonged incubation time and
destruction of the monolayer firstly occurred beneath the
clumped trichomonads. Focal areas free from cell culture
appeared, with aggregation of protozoon at the periph-
ery of these area (Fig. 2C). These area expanded gradually
(Fig. 2D–F). Complete detachment of the LMH  monolayer
(score 4) was caused by T. gallinae 5895-C1/06 at passage
Please cite this article in press as: Amin, A., et al., Trichomonas
induces distinctive cytopathogenic effects in tissue cultures. Ve

number 10 (P10) and clone 231-C1/07 P16 at different time
points of incubation (Fig. 3), where motile trophozoites
were noticed in the supernatant clustering around the
detached cells. The third T. gallinae clone, 8855-C3/06 P16
 PRESS
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caused destruction of about 50% of the monolayer (score
2) (Fig. 3 A). A similar degree of monolayer destruction
could be induced by infecting LMH  cells with 103 protozoal
cells of the same passage level, even though an extended
incubation time was  needed (Fig. 3B). Similar results were
noticed using the same amount of protozoa for infection
obtained from prolonged in vitro passages such as P115 for
clone 5895-C1/06 and P75 for both, clones 231-C1/07 and
8855-C3/06. Again, a somewhat longer incubation period
was  needed to observe the same effect in comparison to
those cultures which underwent only a few in vitro pas-
sages (Fig. 3A and B).

The effect of all investigated T. gallinae clones on QT35
monolayer was  a much less pronounced than the one
recorded on LMH  cells. Hence, the initial inoculum of 105

cells of T. gallinae clones 5895-C1/06 P10 and 231-C1/07
at P16 and P95 produced destruction of about 50% of the
QT35 monolayer (score 2). The third clonal culture named
T. gallinae 8855-C3/06 at both passage levels P16 and P95 as
well as the clonal culture 5895-C1/06 P135 destroyed only
25% of the QT35 monolayer (score 1). A maximum lesion
score of 1 was  achieved by infecting the QT35 monolayer
with 103 cells from different T. gallinae cultures.

All cultures of T. gallinarum (2721-C7/03 at P238 and
P435, 4114-C5/05 at P8 and P75 and 8386-C15/06 at P8)
showed no distinct effect on both LMH  and QT35 cells,
independent of the concentration of the inoculums and
the passage numbers. In this case the trichomonad cells
appeared individually swimming in the medium, and did
not adhere to the monolayers.

3.3. Effect of cell-free filtrates on cell cultures

No growth of trichomonads was noticed in flasks con-
taining cell-free filtrates only, in the presence or absence
of cell cultures. The effect of cell-free filtrates collected
after 24 h of incubation from axenically grown 107 T. gal-
linae cells on the LMH  monolayer was similar to the effect
described above (Section 3.2), when cells were directly
infected with the protozoa (Fig. 3C). The severity of effects
varied between different cell-free filtrates harvested from
individual T. gallinae cultures. Entire detachment of the
monolayer was noticed at 96 h p.i. with filtrate of clone
5895-C1/06 P16 (Fig. 3 C). At the same time the high
passage number (P121) of this clone produced a reduced
destruction of 75% (score 3) (Fig. 3C). In contrary, the fil-
trates obtained from 107 dead trichomonad cells had no
adverse effect on the monolayer even at 144 h p.i. Addi-
tionally, the effect of the filtrates obtained from axenically
grown 103 and 105 trichomonads after 24 h of incubation
was  analyzed. In this case the monolayer remained intact
for 144 h p.i. Moreover, filtrates from a LMH  cell culture
infected with 105 T. gallinae cells were collected at dif-
ferent time points (24, 48 and 72 h) post infection. The
filtrate obtained at 72 h post infection showed the strongest
destructive effect on the monolayer (Fig. 3D) in comparison
to those harvested at 24 and 48 h (data not shown).
 gallinae, in comparison to Tetratrichomonas gallinarum,
t. Parasitol. (2011), doi:10.1016/j.vetpar.2011.11.037

Filtrates obtained from 107 T. gallinae cells, following
either axenic growth for 24 h or incubated on QT35 cell
culture, prodcued a much less destructive effect on the
QT35 monolayer in comparison to LMH  cells (data not

dx.doi.org/10.1016/j.vetpar.2011.11.037
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Fig. 1. Growth of different trichomonads in medium, or in the supernatant filtrate collected at 72 h p.i. from an non-infected monolayer. Results are displayed differently for LMH cells: (A) T. gallinae, (B) T.
gallinarum and QT35 cells, (C) T. gallinae, (D) T. gallinarum.
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Fig. 2. Cytopathogenic effect in LMH  monolayer inoculated with T. gallinae clone 5895-C1/06 P10: (A) non-infected LMH  monolayer, (B) formation of
clumps  of trichomonads with an intact monolayer, (C) first focal area free from LMH  cells (short arrow) with accumulation of the protozoa at the periphery
of  these area (long arrow), (D) increase in size of the destructed area with aggregation of trichomonads at the periphery or in the center of these area (arrow),

) masse
(E)  extended area with masses of accumulated trichomonads (arrow), (F
photography live unstained cell culture was  recorded (Bar = 20 �m).

shown). The most severe destruction of the QT35 mono-
layer was 50% (score 2) following incubation with cell-free
filtrates from axenically grown clones 5895-C1/06 P10 and
231-C1/07 P16. Filtrates, obtained either from infected
monolayers with different clonal cultures of T. gallinarum
at various time points (24, 48 and 72 h) post infection or
those from 107 axenically grown cultures for 24 h, had no
effect on LMH  and QT35 cells.

Different pH values of the medium (6, 6.5, 7, 7.5, 8 and
8.5) had no destructive effect on the confluence of the
LMH monolayer. The QT35 monolayer remained intact dur-
Please cite this article in press as: Amin, A., et al., Trichomonas
induces distinctive cytopathogenic effects in tissue cultures. Ve

ing incubation with the adjusted medium (7, 7.5, 8 and
8.5), but destruction occurred at pH 6 and 6.5 after 24 h
and 48 h of incubation, respectively. In all experiments
the control flasks, including the monolayer incubated with
s of floating trichomonads with remnant of monolayer cells (arrow). For

fresh medium only, remained intact throughout the entire
period of examination.

3.4. Effect of cell-free filtrates on freshly seeded LMH  and
QT35 cells

Filtrates obtained from LMH  and QT35 cells 72 h post
infection with T. gallinae 5895-C1/06 and 231-C1/07, at
both low and high passage levels, inhibited the prolifer-
ation of LMH  and QT35 cells. Consequently, freshly seeded
LMH  and QT35 cells suspended in these filtrates failed
 gallinae, in comparison to Tetratrichomonas gallinarum,
t. Parasitol. (2011), doi:10.1016/j.vetpar.2011.11.037

to form a confluent monolayer even at 144 h p.i. Similar
results were demonstrated after suspending of LMH  and
QT35 cells in cell-free filtrates collected after 24 h of axenic
growth of T. gallinae (107 cells). In contrast to this, freshly

dx.doi.org/10.1016/j.vetpar.2011.11.037
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Fig. 3. Mean CPE scores of LMH  monolayer incubated with genetically different T. gallinae clones following low and high in vitro passages at different time points: (A) 105 protozoa, (B) 103 protozoa or with cell
free  filtrates, (C) obtained after 24 h of incubation of 107 axenically grown protozoa, (D) filtrates harvested at 72 h post infection from LMH  cell culture infected with 105 trichomonads.
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seeded LMH  and QT35 cells suspended in the filtrates of T.
gallinae 8855-C3/06, independent of the in vitro passage,
harvested from infected tissue cultures or from axenically
grown culture, were able to form a confluent monolayer at
120 h p.i.

Cell-free filtrates obtained either from infected LMH
and QT35 monolayers at 72 h post infection or from 107

axenically grown cultures of T. gallinarum had no inhibitory
effect on the proliferation rate of LMH  and QT35 cells.
The control experiment was performed with the filtrate
obtained from non-infected tissue cultures at 72 h p.i.
which supported the formation of both LMH  and QT35
monolayers at 72 h post seeding of cells.

3.5. Effect of cell-free filtrates on the viability of cell
cultures

The viability of LMH  and QT35 cells was first assessed
by trypan blue staining. The cell-free filtrates of T. galli-
nae had an effect on the viability of the LMH  and QT35
cells which decreased with the length of incubation (Fig. 4A
and B). These results were confirmed by the cytotoxicity
assay measuring viability with a CellTiter 96® aqueous one
solution. An increase in cytotoxicity in association with the
length of incubation could be demonstrated (Fig. 4C and D).
No significant difference (P > 0.05) was obtained between
genetically different T. gallinae-free filtrates applying both,
trypan blue staining and CellTiter 96® aqueous one solution
cell proliferation assay, as shown in Fig. 4.

T. gallinarum-free filtrates demonstrated slightly lower
effects in cell cultures viability in comparison to T. gallinae-
free filtrates (Fig. 4A and B). These results were confirmed
with the cytotoxicity assay as shown in Fig. 4C and D. In all
experiments the remaining cells were able to proliferate
and form a confluent monolayer.

No significant effect (P > 0.05) on viability of LMH  cells,
determined by trypan blue staining and CellTiter 96® aque-
ous one solution cell proliferation analyses, was  noticed
following adjustment of fresh media to different pH values
(6.5, 7, 7.5, 8 and 8.5). The same results were obtained for
QT35 cells at pH values of 7, 7.5, 8 and 8.5. However, pH
values of 6 for LMH  cells together with 6 and 6.5 for QT35
cells had a significant negative effect (P < 0.05) on viability
of these cells.

4. Discussion and conclusion

In the present study, the effects of genetically differ-
ent clonal cultures of T. gallinae and T. gallinarum or their
cell-free filtrates were investigated on two kinds of cell cul-
tures. Because the liver is one of the predilection sites for
T. gallinae in vivo (Narcisi et al., 1991), the LMH  cell culture
would provide a suitable model for studying this interac-
tion in vitro. The QT35 cells were used because T. gallinae
is well known to induce severe lesions in the epithelium of
the pharynx. Accordingly, differences between various cell
types could be addressed.
Please cite this article in press as: Amin, A., et al., Trichomonas
induces distinctive cytopathogenic effects in tissue cultures. Ve

The present study showed that trichomonads were
able to multiply on LMH  or QT35 cells which required
attachment of the parasites to these cells. Obviously, cell
cultures acted as a source for nutrients since the cell-free
 PRESS
logy xxx (2011) xxx– xxx

supernatant from non-infected cell cultures as well as the
media used for propagating cell cultures alone did not
support the growth of the protozoan cells. A similar obser-
vation on McCoy cells was  made by Karen et al.  (1990)
following infection with T. vaginalis, a close relative to
T. gallinae. This indicated that eukaryotic cell membrane
components may  be important in supporting the growth
of trichomonads, since it consists of a lipid bilayer with
intrinsic and extrinsic proteins (Karen et al., 1990). This
assumption is in agreement to the finding of Peterson and
Alderete (1984) who demonstrated that lipoproteins are
capable of supporting parasite multiplication. This corre-
lated with the fact that T. vaginalis has specific receptors for
lipoprotein binding and uptake on its surface (Peterson and
Alderete, 1984). Interestingly, the present study demon-
strated that T. gallinarum clones did not adhere to the
monolayer which would explain why  the protozoal cells
did not grow in high numbers like T. gallinae clones.

Although, different clonal cultures of T. gallinae showed
a nearly similar growth in cell cultures, variations in
the degree of monolayer destruction were demonstrated,
which probably reflect, differences in pathogenicity. A cor-
relation between the degree of cell-damage caused by
different strains of the same species and their inherent
pathogenicity level was already described for Tritri-
chomonas fetus (Kulda and Honigberg, 1969). Furthermore,
variations between different T. gallinae clonal cultures con-
firmed that the destructive effect of T. gallinae in cell
cultures was not due to exhaustion of nutrients needed for
the maintenance of the monolayer by flagellates.

Even though trichomonads proliferated in the presence
of QT35 cells in the same manner as in LMH  cells, their
destructive effect on the QT35 monolayer was  consider-
ably lower. These variations may  be due to differences
in the sensitivities of the tissue cultures to T. gallinae
clones or additional factors involved in the manifestation
of cytopathogenic effect (CPE) in cell cultures (Gentry et al.,
1985). This phenomenon is possibly related to the nature of
the parasite–host cell interaction which may  occur through
specific receptor–ligand connections as described before
for T. vaginalis by Alderete and Garza (1985).  Moreover,
this finding may also clarify the inability of T. gallinarum
clones to adhere to LMH  and QT35 cells and consequently
explain the absence of a CPE in both cell lines. However,
the results from the present study clearly demonstrated
that the LMH  monolayer is more tolerant for lower pH val-
ues than the QT35 cells. Therefore, LMH  cells maintained
for a longer period without spontaneous degeneration of
the monolayer, which makes it more suitable to study the
trichomonad–host interaction. These differences could be
important during future studies aiming for recognition of
cytopathogenic mechanisms of this parasite.

In the present study, different T. gallinae cultures pro-
duced a destructive effect on LMH  and QT35 cells by both
direct contact of the protozoa with the cell cultures and
indirectly through interaction of molecules secreted dur-
ing the protozoan growth. Both mechanisms explain the
 gallinae, in comparison to Tetratrichomonas gallinarum,
t. Parasitol. (2011), doi:10.1016/j.vetpar.2011.11.037

increased destruction of the monolayer even in the area
without adherent protozoa, as described before for T. vagi-
nalis (Silva-Filho and de Souza, 1988). The presence of
viruses within the trichomonads may  add up to the noticed

dx.doi.org/10.1016/j.vetpar.2011.11.037
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Fig. 4. Viability demonstrated by trypan blue staining of: (A) LMH cells, (B) QT35 cells, and cytotoxicity assessed by promega CellTiter 96® aqueous solution of (C) LMH  cells and (D) QT35 cells. Absorbance values
were  recorded at 490 nm using ELISA reader after incubation with cell-free filtrates, obtained after 24 h of incubation of 107 axenically grown protozoa of different clonal cultures of T. gallinae and T. gallinarum,
at  different time points.
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effect. A double-stranded RNA virus within the parasitic cell
was reported for T. vaginalis, without knowing the effect
this may  have on tissue culture (Gerhold et al., 2009). How-
ever, previous investigation by electron microscopy of the
most virulent strain used in the present study does not
reveal a viral structure (Mehlhorn et al., 2009).

Cell-free filtrates were prepared to investigate the role
of secreted products in trichomonad–cell interaction in
detail. It could be assumed that variations observed with
regard to monolayer destruction by different cell-free fil-
trates are attributed to the quantity and composition of
the secreted molecules. The same interpretation could be
made by comparing the CPE of cell-free filtrates obtained
from low and high passage numbers of the same clonal cul-
ture. Data demonstrating the dependence of the CPE on
the quantity of the initial inoculums in combination with
the length of protozoan growth prior to collection of the
filtrates support this assumption. Overall, these findings
were similar to that demonstrated for T. vaginalis (Gentry
et al., 1985; Garber et al., 1989). Further evidence for cer-
tain proteolytic activity present in cell-free filtrates came
from the observation that freshly seeded LMH  and QT35
cells do not form a monolayer when suspended in such
filtrates.

In addition to the effects described above, cell-free fil-
trates of T. gallinae influenced the viability of LMH and
QT35 cells. This is in agreement with an earlier observa-
tion reported by Garber et al. (1989),  who investigated
the effect of a cell detaching factor of T. vaginalis on
tissue cultures. CellTiter 96® assay provided a quanti-
tative colorimetric method to determine the viability of
metabolically active cells. Variations in cytotoxicity among
different trichomonad clones are most likely based on the
differences in the amount of the secreted cytotoxic prod-
ucts by each individual clone, as reported for T. vaginalis
(Krieger et al., 1985; Alderete et al., 1987). Moreover, in the
present investigation it could be demonstrated that vari-
ous pH values had no effect on the confluence of the LMH
monolayer, which would confirm the presence of products
secreted by trichomonads involved in monolayer destruc-
tion. Similar results were demonstrated on McCoy cells,
as a pH less than 6 had no effect on monolayer conflu-
ence, but it had a direct effect in cell viability (Garber et al.,
1989).

Interestingly, even though T. gallinarum filtrates did not
produce any destructive effect on the monolayers, these
cell-free filtrates had an effect on the viability of both
cell lines but were insufficient to cause destruction of
the monolayers. This could be explained not only by the
nature of the secreted molecules, but also by their quan-
tity, as mentioned for haemolytic pore-forming molecules
produced by T. vaginalis (Fiori et al., 1996). Accordingly,
molecular analysis of cell-free filtrates from T. gallinarum
and T. gallinae would be needed to answer such questions.
The established tissue culture systems could be a useful
tool for further investigations, because both types of tri-
chomonads behave differently, following infection of these
Please cite this article in press as: Amin, A., et al., Trichomonas
induces distinctive cytopathogenic effects in tissue cultures. Ve

cell lines.
In conclusion, the present study showed that geneti-

cally different T. gallinae clones or their filtrates caused
severe destruction of specific cell cultures. Obviously,
 PRESS
logy xxx (2011) xxx– xxx

products secreted by this parasite possess proteolytic activ-
ity, which contributed to such an effect. The function
and nature of these molecules noticed in vitro needs fur-
ther clarification, which would be helpful to elucidate
the mechanism of pathogenicity of T. gallinae in vivo
and the trichomonad–host cell relationship in greater
detail.
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