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Background. Trichomonas vaginalis virus (TVV) is a non-segmented, 4.5-5.5 kilo-base pair (kbp), double-stranded RNA virus
infecting T. vaginalis. The objectives of this study were to examine the TVV prevalence in US Trichomonas vaginalis isolates and
TVV’s associations with patient demographics, clinical outcomes, and metronidazole resistance.

Methods. Archived T. vaginalis isolates from the enrollment visits of 355 women participating in a T. vaginalis treatment trial
in Birmingham, Alabama, were thawed and grown in culture. Their total RNA was extracted using a Trizol reagent. Contaminating,
single-stranded RNA was precipitated using 4.0 M Lithium Chloride and centrifugation. The samples were analyzed by gel electro-
phoresis to visualize a 4.5 kbp band representative of TVV. In vitro testing for metronidazole resistance was also performed on 25/47
isolates obtained from the women’s test of cure visits.

Results. TVV was detected in 142/355 (40%) isolates at the enrollment visit. Women with TVV-positive (TVV+) isolates were
significantly older (P =.01), more likely to smoke (P = .04), and less likely to report a history of gonorrhea (P = .04). There was no
association between the presence of clinical symptoms or repeat T. vaginalis infections with TVV+ isolates (P = .14 and P = .44, re-
spectively). Of 25 test of cure isolates tested for metronidazole resistance, 0/10 TVV+ isolates demonstrated resistance, while 2/15
TVV-negative isolates demonstrated mild to moderate resistance (P = .23).

Conclusions. Of 355 T. vaginalis isolates tested for TVV, T. vaginalis isolates tested for TVV, the prevalence was 40%. However,
there was no association of TVV+ isolates with clinical symptoms, repeat infections, or metronidazole resistance. These results sug-

gest that TVV may be commensal to T. vaginalis.
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Trichomonas vaginalis (TV) is a parasitic protozoan respon-
sible for the sexually transmitted infection (STI) trichomoniasis.
Trichomoniasis affects an estimated 3.7 million people nationwide
and is among the most common curable STIs [1]. While a majority
of women with a TV infection are asymptomatic, trichomoniasis
can present with genital signs and symptoms, including vaginal er-
ythema, itching, vaginal discharge, an odor, and dysuria [1, 2]. TV
infections have also been associated with older age [3]. There are
various methods of testing for TV in women, the most common of
which is microscopic examination of a wet mount of vaginal fluid
[4, 5]. Until the availability of the highly sensitive TV nucleic acid
amplification test (NAAT) [6-8], the gold standard for diagnosis
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in women had been a TV culture [5]. Metronidazole (MTZ) and
tinidazole are the drugs currently recommended by the Centers
for Disease Control and Prevention (CDC) and the World Health
Organization for the treatment of trichomoniasis [9, 10].
Virus-like particles were first observed in trichomonads in
1985 and were later recognized as being components of a dou-
ble-stranded RNA (dsRNA) virus infecting the protozoans [11,
12]. Trichomonas vaginalis virus (TVV) is a non-segmented,
4.5-5.5 kilo-base pair (kbp), dsRNA virus belonging to the viral
family Totiviridae [13]. TVV is encased within an 85 kilodalton
major viral protein capsid arranged in the shape of a 120-subunit
icosahedral and is closely associated with the Golgi complex [14].
TVV uses a viral, RNA-dependent RNA polymerase to replicate
its genetic material. TVV affects the total protein expression of
TV, and especially the expression of cysteine proteinases and the
immunogenic protein P270, which are linked to cytotoxicity,
cytoadherence, and hostimmune evasion [15-17]. TVV canbe di-
vided into 4 different viral strains that have the ability to co-infect
TV at the same time: TVV1, TVV2, TVV3, and TVV4 [18, 19].
Each TVV strain has different effects on various aspects of TV
pathogenesis. TVV1 and TVV2 have been linked to genital
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symptom severity [20], while TVV2 and TVV3 are involved in
the surface expression of P270 and other virulence factors of TV
[21]. The role of TVV4 has yet to be elucidated.

It is currently unclear whether TVV alters trichomonal vir-
ulence or affects its clinical response to therapy. The prevalence
of TVV in US TV isolates is also not well known. With this in
mind, the objectives of this study were to examine the preva-
lence of TVV in archived TV isolates from a randomized, con-
trolled trial (RCT) treating TV in human immunodeficiency
virus-negative women [22] and to examine the association of
TVV-positive (TVV+) isolates with patient demographics, clin-
ical characteristics, and MTZ resistance.

METHODS

This study was approved by the University of Alabama at
Birmingham (UAB) Institutional Review Board (protocol num-
ber F130425010) and the Tulane University Institutional Review
Board (reference number 17-1065480E). Written informed con-
sent for the TV trial was obtained from participants and included
permission to use stored TV isolates for additional research. The
study was also reviewed by the CDC, which deemed CDC per-
sonnel to be non-engaged, as they had no contact with the study
participants or access to personal identifiers.

Randomized, Controlled Trichomonas vaginalis Treatment Trial

Stored T'V isolates from 355 human immunodeficiency virus-neg-
ative women enrolled in a TV treatment trial [22] at UAB were used
for the purposes of this study. The TV treatment trial consisted of
an enrollment visit and a test of cure (TOC) visit 4 weeks post—
treatment completion, as previously described [22]. Participants
completed audio, computer-assisted, self-administered interviews
at both the enrollment and TOC visits. Survey data obtained at the
time of enrollment and at TOC included participant demographics,
tobacco use, contraceptive use, sexual history data, sexual behavior
data, and vaginal symptoms (vaginal discharge, odor, itching, irri-
tation, dysuria, and pelvic pain). Participants in the RCT were ran-
domized to receive oral MTZ, either as a single, 2-gram dose or at
500 mg twice daily for 7 days. Women who were TV positive by cul-
ture at TOC had their TOC visit isolates tested for MTZ resistance.

Trichomonas vaginalis Nucleic Acid Amplification Testing

Women underwent TV testing by physician-collected NAATs
at both the enrollment and TOC visits. The vaginal swabs
were tested for TV using the transcription-mediated amplifi-
cation/hybridization protection assay assay from Hologic, Inc.
(Bedford, MA). All NAATs were done at the laboratory of the
Louisiana State University Health Sciences Center, according to
the manufacturer’s instructions.

Trichomonas vaginalis Culture
Women also underwent T'V testing by physician-collected TV cul-
ture at both the enrollment and TOC visits. The vaginal swabs were

placed into a TV culture InPouch medium (BioMed Diagnostics,
White City, OR) that was incubated at 37°C. Trained personnel
read the pouches, following the manufacturer’s protocol. The per-
sonnel performed 3 pouch readings over 7 days. The detection of
any live trichomonads was considered a positive result. The spec-
imen was considered TV negative after 3 negative readings [23].

Trichomonas vaginalis Isolate Growth

There were 400 participants enrolled into the RCT trial at UAB.
However, 23 participants did not give informed consent to the
use of their TV isolates for further testing. An additional 22 iso-
lates were either contaminated with yeast or failed to grow once
collected. Thus, 355 stored TV isolates from the enrollment visit
of the RCT were subsequently thawed and grown in 15 ml poly-
styrene conical tubes containing 9 ml of Diamond’s trypticase,
yeast extract, maltose growth media and an additional 220 pl of
100X penicillin-streptomycin-amphotericin B. The isolates were
allowed to incubate for 3 to 5 days at 37°C and were routinely
checked for optimal cell growth. Once the isolates reached opti-
mal growth, they were centrifuged at high speed for 10 minutes.
The supernatant was removed using a pipette, leaving behind
the pellet of TV cells. The pellet was transferred into a 1.5 mL
polypropylene centrifuge vial for total RNA extraction.

RNA Extraction

Total RNA was extracted from the cell pellets using Trizol
reagent (Invitrogen, Carlsbad, CA), according to the manufac-
turer’s instructions. The cells were mixed with 1 ml of Trizol
using a pipette and were incubated at room temperature for 5
minutes. Next, 200 pl of chloroform was added to the vial, which
was shaken for 15 seconds and incubated at room temperature
for 10 minutes. The samples were centrifuged at 12 000 g for 15
minutes, and the aqueous layer was transferred to a new, 1.5 ml
centrifuge vial, mixed with 500 ul of isopropanol, and incubated
for 10 minutes at room temperature. The vials were centrifuged
for 8 minutes at 12 000 g and the supernatant was carefully
removed to avoid disrupting the RNA pellet at the bottom of the
vial. The pellet was then washed using 1 ml of 75% ethanol and
centrifuged for 5 minutes at 12 000 g. The ethanol was removed
and the RNA pellet was allowed to air dry for 5 minutes before
30 pl of distilled water was added to dissolve the RNA pellet.
The final step consisted of the vial being heated at 55°C in a
heating block for 15 minutes for further RNA solubilization.

Lithium Chloride RNA Clean-up

The protocol used for LiCl RNA purification was modified from
another protocol (The Springer Lab, University of Minnesota,
St. Paul, MN). Contaminating, single-stranded RNA was pre-
cipitated by adding 30 pl of 2.0 M LiCl to the 30 pl RNA solu-
tion and incubating at —20°C for 30 minutes. After incubation,
the vial was centrifuged at 12 000 g for 30 minutes. Then, 50 ul
of the supernatant was removed from the vial, leaving 10 pl
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An addition of 50 pl of 4.0 M LiCl was added, and the vial was
incubated at -20°C for 30 minutes, followed by centrifugation at
12 000 g for an additional 30 minutes. Finally, 50 pl of superna-
tant was removed and replaced by 20 pl of distilled water. This
brought the final volume to 30 pl of purified dsRNA.

Gel Electrophoresis

The TV isolates were analyzed for the presence of the represen-
tative, 4.5-5.5 kbp TVV band by gel electrophoresis on a 1%
agarose gel in 1X(Concentration) Tris-borate-EDTA buffer with
ethidium bromide staining, as previously described [12]. A 1
kilo-base DNA ladder (New England Biolabs, Ipswich, MA) was
used to compare the band size and extracts of TV strain ATCC
30001 (American Type Culture Collection, Manassas, VA) [12],
which was used as a TVV+ control. The other lanes contained
the dsRNA solutions of the TV isolates. The TVV+ bands were
detected under ultraviolet light.

Drug Susceptibility Testing

MTZ resistance testing on the TOC TV isolates was performed
at the CDC, using a protocol previously described [24]. Briefly,
MTZ was solubilized in dimethyl sulfoxide and used to prepare
2-fold serial dilutions (400 pug/ml to 0.1 pg/ml) in Diamond’s
media in round-bottom microtiter plates. The drug concen-
tration was tested in triplicate; duplicate serial dilutions of di-
methyl sulfoxide were tested to control for parasite viability.
Trichomonads (10*/well) were added to each well and the plates
were incubated at 37°C in 5% CO,. After 48 hours, the plates

were examined using an inverted microscope. The lowest con-
centration of MTZ at which no viable parasites were observed
was recorded as the minimal lethal concentration. Resistance
was defined as a minimal lethal concentration > 50 pug/ml.

Statistical Analysis

Associations between TVV and selected demographic and clini-
cal characteristics and MTZ resistance were examined using Chi-
square and t-test statistics. Those variables associated with TVV
at a P value of 0.10 or less in bivariate analyses were examined
in multivariable logistic regression. The association between the
variables and TVV were also examined by TV-positive status at
TOC and by MTZ resistance. The association of the TVV sta-
tus and the TOC status was examined in cross tabulations. All
analyses were conducted using Statistical Package for the Social
Sciences statistical software version 19.0 (IBM SPSS, New York).

RESULTS

Trichomonas vaginalis Virus Prevalence

Of the 355 RCT enrollment visit TV isolates screened, 142
(40.0%) were positive for TVV. Figure 1 is a representative gel
of 8 TV isolates screened for the presence of TVV.

Associations Between Trichomonas vaginalisVirus, Patient Demographics,
and Clinical Characteristics

Table 1 displays the patient demographics and clinical char-
acteristics at RCT enrollment, stratified by the presence of
TVV. In a univariate analysis, women with TVV+ isolates were
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Figure 1. Representative gel of TV isolates screened for TVV. The first 2 lanes of the gel contain the DNA ladder and ATCC 30001 TVV+ control, respectively. The next 4
lanes were TVV+ isolates that clearly showed the expected dsRNA bands representative of the virus presence, at 4.5 kbp. The last 4 lanes were of TVV- isolates, and no
bands were present. Abbreviations: ATCC, American Type Culture Collection; dsRNA, double-stranded RNA; kbp, kilo-base pair; TV, Trichomonas vaginalis, TVV, Trichomonas

vaginalis virus; TVV+, TVV-positive; TVV-, TVV-negative.
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Table 1. Patient Demographics and Clinical Characteristics at Randomized, Controlled Trial Enrollment, Stratified by Trichomonas vaginalis Virus

Presence (N = 355)

TW+ TW-

n/N (%) n/N (%) PValue
Age 30+ years and older 65/142 (45.8%) 70/213 (32.9%) .01
% African American 134/142 (94.4%) 205/213 (96.2%) .40
% Self-reported genital symptoms?® 88/142 (62.0%) 148/213 (69.5%) 14
Vaginal douching > monthly 45/142 (31.7%) 56/213 (26.3%) .27
Binge drinking in last week 30/142 (21.1%) 37/213 (17.4%) .38
Current cigarette smoking 78/142 (54.9%) 93/213 (43.7 %) .04
Multiple male sexual partners 56/142 (39.4%) 73/213 (34.3%) .32
Sex with women 24/142 (16.9%) 30/213 (14.1%) 47
History of BV 71/142 (44.3%) 94/212 (50.0%) .30
BV at RCT enrollment 69/139 (49.6%) 99/210 (47.1%) .65
History of TV 81/142 (57.0%) 117/212 (55.2%) 73
History of chlamydia 72/142 (50.7 %) 123/213 (67.7 %) .19
History of gonorrhea 39/142 (27.7 %) 81/212 (38.2%) .04
History of syphilis 1M/142 (7.7 %) 10/213 (4.7 %) .23
History of genital herpes 13/142 (9.2%) 21/212 (9.9%) .81
History of yeast infection 105/142 (74.5%) 150/212 (70.8%) .45

Bolded values are significant at a P value < .05.

Abbreviations: BV, bacterial vaginosis; RCT, randomized, controlled trial; TV, Trichomonas vaginalis; TVV, Trichomonas vaginalis virus; TVV+, TVV-positive; TVV-, TVV-negative.

#Combination of vaginal itching, an odor, discharge, and/or dysuria.

significantly older (age > 30 years, 65/142 [45.8%]) compared
to those with TVV-negative (TVV-) isolates (age > 30 years,
70/213 [32.9%]; P = .01). Women with TVV+ isolates were also
significantly more likely to be current cigarette smokers, com-
pared to women with TVV— isolates (54.9% vs 43.7%; P = .04).
In contrast, women who reported a history of gonorrhea were
significantly more likely to have TVV- isolates (38.2% vs
27.7%; P = .04). There was no association between the pres-
ence of self-reported genital symptoms (vaginal itching, odor,
discharge, and/or dysuria) at enrollment with the presence of
TVV+ isolates (P = .14). Age, smoking, and history of gonor-
rhea were subsequently included in a multivariable logistic re-
gression model (Table 2). In the multivariable analysis, older
age (odds ratio [OR] 1.63, 95% confidence interval [CI] 1.05-
2.55; P=.03) and smoking (OR 1.47, 95% CI 0.95-2.55; P = .08)
remained independently associated with TVV+ isolates. In con-
trast, TV-infected women reporting a history of gonorrhea were
independently more likely to have TVV-isolates (OR 0.60, 95%
CI0.38-0.96; P = .03).

Associations Between Trichomonas vaginalis Virus Status and Test of Cure
Women with TVV+ isolates at enrollment were not significantly
more likely to be positive for TV at their TOC visit, compared to
women with TVV— isolates (17/133 [12.8%] vs 30/189 [15.9%],
respectively; risk ratio [RR] 0.97, 95% CI 0.88-1.06; P = .44).
None of the tested variables were associated with a repeat TV
infection. Of the 322 women who returned for their RCT TOC
visit, 47 were TV-positive by NAAT: 17 (36.2%) of these women
were TVV+ at enrollment and 30 (63.8%) were TVV— (P = .44).
Subsequent in vitro testing for MTZ resistance was performed

for 25 of 47 TOC isolates from patients that were TV-positive
at the TOC visit; 10 of these isolates were TVV+. None of
the TVV+ isolates demonstrated MTZ resistance, while 2/15
TVV- isolates demonstrated mild to moderate MTZ resistance
(P =.23). Not all of the TV isolates from the TOC visit could be
grown in vitro for MTZ resistance testing, because of excessive
yeast growth. The relative risks and 95% Cls are presented in
Table 3.

DISCUSSION

We tested a large number of US TV isolates for the presence
of TVV, and evaluated the association of TVV with demo-
graphics, clinical outcomes, and MTZ resistance. The per-
centage of TV isolates positive for TVV was 40%. Among the

Table 2. Multivariable Logistic Regression of Variables Associated With
Trichomonas vaginalis Virus—positive Isolates (N = 353)

OR (95% CI) PValue
Age
30+ years 1.63 (1.05-2.55) .03
<30 years 1.00
Current cigarette smoking
Yes 1.47 (0.95-2.28) .08
No 1.00
History of gonorrhea®
Yes 0.60 (0.38-0.96) .03
No 1.00

Abbreviations: Cl, confidence interval; OR, odds ratio.

“There were 2 participants who had missing data for a self-reported history of gonorrhea.
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Table 3. Trichomonas vaginalis Virus Status at Test of Cure Follow-up Visit (N = 322)*

TW+ TW-

n/N (%) n/N (%) RR (95% Cl) PValue
Positive for TV at TOC® 17/133 (12.8%) 30/189 (15.9%) 0.97 (0.88-1.06) 44
In vitro testing for MTZ resistance® 10/133 (7.5%) 15/189 (7.9%)
TV isolates showing MTZ resistance 0/10 (0%) 2/15 (13.3%) 23

Abbreviations: Cl, confidence interval; MTZ, metronidazole; RR, risk ratio; TOC, test of cure; TV, Trichomonas vaginalis; TVV, Trichomonas vaginalis virus; TVV+, TVV-positive; TVV-,

TVV-negative.
“0f 355 women, 322 returned for a TOC follow-up visit (after drug treatment).
At TOC by nucleic acid amplification test, 47 women remained persistently positive for TV.

“Only 25/47 isolates were tested for MTZ resistance, due to difficulty growing in vitro.

19 studies previously performed in the United States that were
related to TVV positivity, the majority of which only included
a small number of TV isolates [25], the percentage of TVV+
TV isolates ranged from a low of 30% [11] to a high of 100%
[26]. Only 1 study had a larger sample size than this study, with
500 TV isolates, of which 250 (50%) were TVV+ [16].

Unlike other STIs, TV infection rates are higher among
women 25 years or older [27], compared to other age groups [3].
In this study, we found that TVV positivity was also associated
with older age. This finding was corroborated by Wendel et al
[28] in a study of 28 TV-infected women at a Baltimore sexu-
ally transmitted disease clinic, which found that those TV iso-
lates positive for TVV were significantly associated with older
age (median age 38 years). It could be hypothesized that older
women with TV have less immune surveillance towards TVV
[28]. However, Heidary et al [29] did not find an association
between TVV+ isolates and older age among 46 TV-infected
women in Iran. Thus, the relationship between TVV positivity
and older age remains controversial, and additional studies are
needed.

There was no association between self-reported genital
symptoms or repeat TV infections among women with TVV+
isolates in our study. These results are similar to a study of
TV-infected women in India, in which TVV+ isolates were
not associated with genital symptoms [30]. A Kenyan study of
TV-infected women also found no association between genital
symptoms and TVV+ isolates [31]. In contrast, a Cuban study
of 37 TV isolates found an association between the presence of
genital symptoms and signs and TVV positivity among 21 iso-
lates that were TVV+ (P <.01) [32]. When the 21 TVV+ isolates
were typed [20], the TV isolates from patients with mild genital
symptoms were found to be infected with TVV-1, while TVV-2
was present in the isolates of patients with moderate to severe
genital symptoms. The authors suggested that TVV may have a
role in the pathogenesis of trichomoniasis. El-Gayar et al [27]
also found a significant association between TVV positivity and
clinical manifestations of trichomoniasis among 40 TV-infected
women in Egypt. However, the sample sizes of these studies
were small and the associations between genital symptoms and

TVV+ isolates have not been seen in larger studies, including
our present study [28, 30, 31].

TVV positivity was associated with smoking in our study.
Smoking is known to contribute to a reduction in vaginal lacto-
bacilli (particularly Lactobacillus crispatus) [33], an altered vagi-
nal tract metabolomics profile [34], and increased susceptibility
to bacterial vaginosis and other STTs, including trichomoniasis
[35-37]. TVV upregulates the expression of certain proteins
involved in cytoadhesion and cytotoxicity, such as the immu-
nogenic P270 and cysteine proteinases in TV parasites [15-17].
Hypothetically, this could help TV better adhere to and com-
pete for space in the vaginal epithelium. It has been suggested
that smoking cessation should be investigated as an adjunct to
reducing bacterial vaginosis [33]. Whether or not smoking ces-
sation could also reduce TV acquisition is unknown and could
be an area of future study.

TV infections have been previously associated with concur-
rent gonorrhea infections [36, 38, 39]. However, in this study,
women with TVV— isolates were significantly more likely to
report a history of gonorrhea than women with TVV+ isolates.
The clinical significance, if any, of this finding is unknown.
Self-reported STI histories are subject to social desirability and
recall biases, and this result should be interpreted with caution.
In addition, we did not have consistent gonococcal NAAT data
for all patients at the time of RCT enrollment. Thus, we could
not determine whether an association exists between TVV+ TV
and a concurrent gonorrhea diagnosis. These findings should be
further explored in future studies.

TV isolates positive for TVV have been negatively associ-
ated with MTZ resistance in prior studies [30, 40]. Malla et al
[30] found that TVV+ TV isolates were initially sensitive to
MTZ; however, 1 isolate developed borderline or increased
resistance with the loss of TVV after long-term cultivation.
In our study, we found that TVV+ isolates were not associ-
ated with MTZ resistance. None of the TV isolates containing
TVV (0/10) showed in vitro resistance, while 2/15 TVV-
isolates did. Additional research is needed to determine the
specific mechanisms by which TVV affects TV susceptibility
to MTZ.
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This study has several limitations. Trichomonas vaginalis
isolates obtained from this study were from primarily African
American women, as this is the demographic most commonly
seen at the Jefferson County Department of Health sexually
transmitted disease clinic in Birmingham, Alabama. Thus, the
results of this study may not be generalizable to other popula-
tions or other geographic areas of the United States. Second,
we were not able to type the TVV+ isolates in this study, due
to budgetary constraints. This would have provided additional
data to explore associations between specific TVV types and
demographic variables, clinical outcomes, and MTZ resis-
tance. We continue to preserve the specimens, which can be
typed in the future once additional funding becomes avail-
able. Additionally, genital symptoms were self-reported by
participants and prone to social desirability biases. Provider-
documented reports of patient signs and symptoms in future
studies may yield more accurate data. MTZ resistance testing
on a larger number of TV isolates could provide a more com-
plete picture on the effects of TVV on MTZ resistance. Finally,
tinidazole resistance testing was not performed on the TV iso-
lates in this study, but should be done in future studies.

Despite these limitations, this is one of the largest US stud-
ies of TV isolates screened for TVV. The prevalence of TVV+
isolates was relatively high, at 40%. The presence of TVV was
significantly associated with smoking and older age, while
the absence of TVV was associated with a reported history
of gonorrhea infection. TVV was not associated with clinical
symptoms, repeat TV infections, or MTZ resistance. These
results suggest that TVV and TV may have a commensal
relationship.
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