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suMMARY Recently described occurrence of virus-like particles (VLP) in some strains of Tri-
chomonas vaginalis suggests the possibility that the pathogenic significance of this organism may be
broadened by its potential for viral transmission. Inasmuch as neither the soirrce nor the host range of
the VLP are known, any hazard which they may present for man cannot be estimated. A model has
been established for the study of acquisition of known human viruses by T vaginalis. Tissue cultures
were infected with two reoviruses and a fresh isolate of genital herpes simplex virus (HSV). A squirrel
monkey reovirus was also included in the study. T vaginalis was inoculated into the virus cultures
three days later. The progress of virus acquisition by the trichomonads was monitored by
transmission electron microscopy and by culture. Virus-containing cell fragments were engulfed by
trichomonads and intemalised in vacuoles. After digestion of cellular debris only virus particle
aggregates were retained. Viable reoviruses were recovered from the trichomonads for nine days, and
HSV for six days. The results suggest the possibility of transmission of at least some viruses by T
vaginalis.

Trichomoniasis is one of the most common sexually
transmitted diseases. Its causative organism, Tri-
chomonas vaginalis, has been largely ignored by the
scientific community, in part because the infection it
causes, although usually chronic, is not life threaten-
ing and only rarely debilitating. Information regard-
ing the specific events of host reaction to this parasite
is scant, and even less is known about its long-term
effects and its relationship to other microorganisms.
That T vaginalis may serve as a "vector" for other
microoroganisms is a theoretical possibility in view of
its ability to ingest Neisseria gonorrhoeae,' other
bacteria,2 and mycoplasma.3 Unidentified virus parti-
cles in certain strains of the organism were also
recently described.45

In axenic culture T vaginalis is usually described as a
pear-shaped free-swimming protozoon. In cocultures
with mammalian cells, however, it has the tendency to
attach to these cells or to the underlying surface, and to
exhibit amoeboid movement,6 with evidence of
phagocytosis both in vitro and in vivo.27

Tissue culture monolayers inoculated with T vagin-
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alis become disrupted, partly owing to the action ofthe
cell detaching factor (TvCDF) which it releases into
the medium.8 Upon prolonged incubation the tissue
culture cell count is markedly reduced. This cell deficit
could be influenced by the phagocytic activity of the
parasite.
We present data which show that T vaginalis

cocultivated with tissue cultures infected with known
viruses ingest large portions of virus-containing cells.
Infectious virus particles are retained by the organism
for several days. Our results imply that, under certain
circumstances, T vaginalis can play the role ofa carrier
of infectious agents with their own pathological
consequences.

Materials and methods

MICROORGANISMS AND TISSUE CULTURES
Reoviruses were obtained from the American Type
Culture Collection (type 1, ATCC VR-230; type 2,
ATCC VR-23 1). Reovirus-like squirrel monkey agent
(SMR 1239) was recovered from an enlarged lymph
node of a dead squirrel monkey, and herpes simplex
virus (HSV) from cervical swab of a local patient;
primary isolation of both agents was done in our
laboratory. T vaginalis strain Baltimore 42 was
obtained through the courtesy of Dr B M Honigberg.
The reoviruses were propagated in HamLu cells, a
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continuous line derived in our laboratory from baby
hamster lung tissue. HSV was isolated and further
maintained in human rhabdomyosarcoma (RD) cells
obtained from the American Type Culture Collection
(ATCC CCLI36). Trypsinised tissue cultures were
suspended in medium 199 with 10% fetal bovine
serum (FBS) and grown to full monolayer in 75 cm2
flasks. The medium was removed and viruses were
inoculated at 1:1 multiplicity ratio. After a 3 h period
of adsorption the infected monolayers were rinsed,
and 20 ml ofmedium 199 with 2% FBS were added to
each flask. Following additional 3-day incubation at
37C the medium was replaced with 20 ml of GMP
medium8 containing approximately 106 T vaginalis
previously grown in trypticase-yeast extract-maltose
(TYM) medium.9

ELECTRON MICROSCCOPY
After further incubation at 37°C for 2 days represen-
tative cultures were fixed and processed for transmis-
sion electron microscopy (TEM). Double-concen-
trated fixative was added at 1:1 ratio to each culture,
resulting in final concentration of2% glutaraldehyde
and 0 5% paraformaldehyde, buffered to pH 7T2 with
0-1 M sodium cacodylate. Control cultures treated in
the same manner were: (a) tissue culture only; (b)
virus-infected cultures; (c) tissue culture inoculated
with trichomonads only. After overnight storage at
4°C adherent cells (mostly trichomonads) were
scraped off and sedimented by low speed centrifu-
gation (800 g/l0 min). The resulting soft pellet was
postfixed in 1% osmium tetroxide in 0 1 M sodium
cacodylate buffer pHi 7-2. The samples were de-
hydrated in a series of graded ethanol and embedded
in Spurr's Low Viscosity Resin. Ultrathin sections
were cut with LKB Ultrotome III, stained with uranyl
acetate and lead nitrate, and examined in a Phillips 301
TEM.

VIRUS ASSAY
At the time of inoculation with T vaginalis and at
periodic intervals thereafter, the presence ofreoviruses
was demonstrated by positive agglutination tests with
human erythrocytes type 0 by the method recommen-
ded for identification of viral isolates,'0 and by culture
in HamLu cells when necessary. HSV was monitored
by the production of characteristic CPE in RD cells.

Results

UPTAKE OF REOVIRUSES
TEM examination of reovirus-infected HamLu tissue
cultures (control) at the time of superinfection with T
vaginalis showed typical intracytoplasmic aggregates
of mature virus particles in most cells (fig la). Normal
T vaginalis organisms frequently contained vacuoles,

but a thorough search failed to reveal any structures
resembling virus particles (fig lb). Examinations of
matched virus-infected tissue cultures which were
incubated for 2 additional days with T vaginalis
revealed the following stages of virus acquisition by
the trichomonads: (1) virus-containing HamLu cells
were intimately surrounded by the trichomonads, with
initial steps of phagocytic invagination of the cell
periphery (fig 2a); (2) distinctly recognisable frag-
ments of infected cells, with virus aggregates intact,
were seen in the vacuoles of trichomonads (fig 2b); (3)
the food vacuole decreased in size when the cell
remnants were digested, leaving well defined arrays of
virus particles (fig 2c); (4) the space previously
occupied by the vacuoles was reclaimed by the cyto-
plasm of the trichomonads, leaving only apparently
still intact virus particles (fig 2d). It is postulated that
at this stage the uptake of virus by the trichomonads
was completed. The features here described were
found with both types of human reovirus, as well as
with the squirrel monkey isolate.

Cocultures of T vaginalis with reovirus type 2 were
used for study of the fate of incorporated virus.
Portions of frozen-thawed cultures were centrifuged
and the supernatants were assayed on 12 successive
days for the presence of viral haemagglutinin. In
unadjusted cultures the haemagglutinin was demon-
strated up to 4 days of incubation with trichomonads.
Cultures in which the pH was adjusted daily to near
neutrality remained positive for additional 2 days.
These intervals coincided with the presence of viable
(motile) trichomonads. When TYM medium (adjus-
ted to pH 7-0) was added to the culture to facilitate
further propagation of trichomonads, the haemag-
glutinin was present up to the 9th day, showing
gradual decline in titre from 1:16 on the 2nd day to less
than 1:2 on the 9th day. However, reinoculation of the
frozen-thawed trichomonads at that time into normal
HamLu cells still indicated the presence of active virus.
This was shown by the appearance of CPE and by
positive haemagglutinin tests obtained with the tissue
culture supernatant 5 days after inoculation.

UPTAKE OF HSV
Three-day-old cultures of HSV in RD cells were
inoculated with T vaginalis in the same manner as were
HamLu cells infected with reoviruses (see above). The
presence of virus particles in RD cells was verified by
TEM ofa matched virus control culture. The assembly
site ofHSV is in the nucleus from which extra-cellular
release in single units or small aggregates is channeled
through cytoplasm. Virus clusters of similar size were
found in trichomonads cocultivated for 2 days with
infected cells (fig 3). Frozen-thawed trichomonads
collected on the 2nd and 3rd day released active HSV,
as evidenced by the development ofcharacteristic CPE
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Fig 1 Verification of viral infection of tissue culture and ofabsence of virus particles in normal T vaginalis at the time of
coculture initiation. (a) HamLu cell infected with reovirus; N =nucleus; Vi = intracytoplasmic viral inclusion consisting ofa
large array ofmature virus. (b) Normal T vaginalis; Um-undulating membrane; K Kinetosome; Fv =food vacuole.
TEM. Bar =1pum

in RD cells inoculated with thus lysed trichomonads.
Failure to recover the virus at later intervals was

attributed to a drop ofpH ofthe cultures to the level at
which HSV is inactivated. In GMP medium, the pH of
late stationary cultures of T vaginalis (3 to 4 days old)
normally decreases to the 4-2 to 4-1 value, and there is
a steady loss ofmotility; at 37'C a 3 h exposure ofHSV
in buffer pH 4 and 5 resulted in complete and 2-log loss
of titre, respectively (data not shown). Therefore, acid-
inactivation ofHSV was indeed likely in cultures held
beyond 3 days. When in a supplementary experiment,
designed to parallel the protocol above, the culture
was adjusted twice daily to near neutral pH by
addition of 0a 1 M NaOH the life of the organisms was
extended and the virus recovery in RD cells (showing
characteristic CPE) was successful for 6 consecutive
days after introduction of T vaginalis into the virus
culture.

Discussion

In recent years a number of protozoan species have
been reported to contain virus-like particles (VLP).

These include Entamoeba histolytica,"`13 Giardia lam-
blia,'4 Leishmania hertigi,'5 L brazilensis,'6 andT vagin-
alis.45 In each instance the VLP were detected by
electron microscopy. Culture procedures requiring
isolation and definitive characterisation of viruses
were unsuccessful or not attempted. Thus, it is not
known whether the described VLP were "natural"
inhabitants ofthe particular protozoan species or were
acquired from the host in which the protozoa resided.
Should the latter be the case, then protozoan infection
or infestation could be a novel means of viral transmis-
sion and lead to medical consequence wholly apart
from those caused by the parasites themselves. This
theoretical possibility has been suggested earlier. A
close association between T vaginalis infection and
presence of vaginal papillomas was reported more
than a decade ago.'7 In a recent clinical study attention
was focused on a higher than random incidence of
cervical neoplasia in patients with proven human
papilloma virus and chlamydial cervical infections.'8
The possibility that T vaginalis can serve as a vector of
other infections of the upper genital tract was sugges-
ted by the evidence offirm attachment ofbacteria to its
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Fig 2 Stages ofreovirus acquisition by T vaginalis (a) Engulfment ofcell remnant containing a virus crystal (Vc) by
trichomonads; magnification as in C; (b) Infected cell debris entrapped in a large vacuole (Fv) ofT vaginalis; arrows indicate
remnants of virus aggregate. K = Kinetoplast. (c) contracted vacuole, with cell debris digested, showing only a portion of viral
crystal (arrow). (d) arrow shows partial resolution of vacuole boundary and incorporation of virus particles into the cytoplasm
of the organism; TC = remnant of virus-infected HamLu cell. TEM. Bar = I pum.
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Fig 3 Demonstration ofHSV acquired by T vaginalisfrom infected RD cells. Arrows indicate intravacuolar pockets of viral
particles; N = nucleus; H = hydrogenosome. TEM. Bar = I pm.

surface'9 and by the organism's ability to gain access to
the salpinges.20
Our study was designed to test the hypothesis that T

vaginalis may acquire human viruses. This theory was
suggested by the observations ofamoeboid behaviour6
and phagocytic activity of the parasite.27 Results here
presented show that by phagocytosis of infected cells
or their remnants viruses gain entry into T vaginalis. In
the initial step of the acquisition process the tri-
chomonads establish intimate contact with the virus-
containing cells and cell fragments before engulfment
(fig 2a). Engulfment and invagination of foreign
elements have been reported by earlier investigators.27
In a tissue culture system this process is likely to be
facilitated by the activity of the TvCDF which deta-
ches cells from their anchorage on the supporting
surface,8 and thus makes them more readily available
for engulfment and phagocytosis. Remarkably large
portions of virus-infected cells can be entrapped in the
vacuoles of the trichomonads (fig 2b). The cytoplas-

mic remnants are digested fairly rapidly, while intact
virus particles remain (fig 2d) and retain their infec-
tivity for a number of days. At present there is no
evidence that human viruses can be sustained within
the trichomonads by active replication. In the absence
of further proliferation the survival of a given virus
would depend to a large extent on its physicochemical
properties. The low pH inherent to T vaginalis would
be expected to have a less adverse effect on acid-
resistant viruses than on those which are acid-
sensitive. This was borne out by the results here
presented. The reoviruses (naked, acid-resistant) were
demonstrated to persist longer than HSV (enveloped,
acid-sensitive). Nevertheless, this latter agent was also
found to survive for at least 6 days. Thus, by sexual
contact with a double-infected individual, even such
vulnerable virus, in theory could be transmitted via the
T vaginalis. Inasmuch as the current laboratory
procedures for detection of T vaginalis and HSV or
any virus are mutually exclusive, that is, methods for
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detection of one are unsuited for the other, it may be
advisable to test T vaginalis-positive patients for viral
infections as well.

We thank the South Alabama Medical Science Foun-
dation for support of this study. The results were
presented in part of the 88th Annual Meeting of the
American Society for Microbiology, Miami Beach,
Florida, 8-13 May 1988.
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