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Abstract
Objective—To determine if the metronidazole (MTZ) 2 gm single dose (recommended) is as
effective as the 7 day 500 mg BID dose (alternative) for treatment of Trichomonas vaginalis (TV)
among HIV+ women.

Methods—Phase IV randomized clinical trial; HIV+ women with culture confirmed TV were
randomized to treatment arm: MTZ 2 gm single dose or MTZ 500 mg BID 7 day dose. All women
were given 2 gm MTZ doses to deliver to their sex partners. Women were re-cultured for TV at a
test-of-cure (TOC) visit occurring 6-12 days after treatment completion. TV-negative women at
TOC were again re-cultured at a 3 month visit. Repeat TV infection rates were compared between
arms.

Results—270 HIV+/TV+ women were enrolled (mean age = 40 years, ± 9.4; 92.2% African-
American). Treatment arms were similar with respect to age, race, CD4 count, viral load, ART
status, site, and loss-to-follow up. Women in the 7 day arm had: lower repeat TV infection rates at
TOC [8.5% (11/130) versus 16.8% (21/125) (R.R. 0.50, 95% CI=0.25, 1.00; P<0.05)], and at 3
months [11.0% (8/73) versus 24.1% (19/79) (R.R. 0.46, 95% CI=0.21, 0.98; P=0.03)] compared to
the single dose arm.

Conclusions—The 7 day MTZ dose was more effective than the single dose for the treatment of
TV among HIV+ women.
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INTRODUCTION
Trichomonas vaginalis (TV), the most common curable sexually transmitted infection (STI)
worldwide 1, has been associated with vaginitis, cervicitis, urethritis, and pelvic
inflammatory disease in women.2 TV infection in HIV-infected women may enhance HIV
transmission by increasing genital viral shedding 3-7 and successful treatment for TV has
been shown to reduce shedding 8, 9, suggesting that effective TV treatment could play a
preventative role in perinatal and sexual HIV infection.4

Post-treatment repeat TV infection rates among HIV-positive women have been shown to be
higher (18-36%) 10-12 than among HIV-negative women (7-8%).13-15 While these studies
had variable lengths of follow-up time, a comparison of two studies that rescreened at one-
month found that repeat TV infections were two-fold higher among HIV-positive women
compared to HIV-negative women12 indicating that the phenomenon is real. This study also
found that the most likely cause of repeat infections for both groups was treatment failure
and that the treatment failure was most likely attributable to host factors rather than
organism resistance to the drug metronidazole (MTZ).12

The recommended treatment regimens for TV from the Centers for Disease Control and
Prevention include: MTZ 2 gm oral single dose; or tinidazole 2 gm oral single dose.16 The
alternative treatment regimen is MTZ 500 mg orally twice a day (BID) for 7 days.16 The
studies supporting the use of the single 2 gm MTZ dose as the primary treatment regimen,
however, were conducted with mostly non-HIV infected women.17-24 Given the high rates
of repeat infections, and the mounting evidence that many of these repeat infections are due
to treatment failure, the MTZ 2 gm single dose may not be adequate for HIV-infected
women. The purpose of this randomized trial was to determine if the recommended MTZ 2
gm single dose is as effective as the alternative 7 day 500 mg BID dose for treatment of TV
among HIV-infected women.

METHODS
Participants

HIV-infected women undergoing a routine gynecological examination performed by a clinic
health care provider between May 1, 2006 and July 17, 2009 were tested for TV by culture
as standard of care practice. Women were patients attending selected public HIV outpatient
clinics in New Orleans, Louisiana; Houston, Texas; and Jackson, Mississippi. The clinics
were selected based on prior collaborations between investigators and clinic health care
providers.

Eligibility
Women were considered eligible for study participation if they were HIV-infected
(confirmed by Western Blot), ≥ 18 years of age, English speaking, positive for TV by
culture, willing to take MTZ treatment, and agreed to refrain from drinking alcohol 24 hours
after taking MTZ. Women were excluded from participation if they were pregnant,
incarcerated, taking disulfiram, or treated with MTZ within the previous 14 days. Other
exclusion criteria, per provider discretion, were: diagnosis of symptomatic bacterial
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vaginosis which would require 7 day MTZ treatment, medical contraindications to MTZ, or
unable to provide informed consent.

Randomization
Randomization allocation was done, by site, in blocks of four and six using SAS version 9.0.
Sealed, numbered envelopes containing treatment assignment were prepared in advance and
opened at enrollment. A list of arm by study number was kept sealed in the principal
investigator’s office for quality assurance.

Baseline examination
During the routine gynecological examination, the provider assessed the woman’s vaginal
discharge for amount, color, and consistency. The following specimens were obtained by the
provider in this order: 1) four vaginal swabs for TV culture, wet preparation, “whiff test”
using potassium hydroxide (KOH), and Gram stain testing (processed after enrollment), 2)
endocervical brush/spatula for pap smear, and 3) endocervical swab for chlamydia and
gonorrhea. A vaginal pH was obtained from secretions after speculum removal. The wet
preparation was examined by the provider for TV, clue cells, and candidiasis. The “whiff
test”, vaginal pH, and wet preparation were conducted by the provider as part of the
assessment for bacterial vaginosis using Amsel criteria. If the wet preparation was positive
for TV, women were enrolled immediately and culture results were used as confirmation. If
only the culture was positive, women were called back to the clinic for enrollment.

InPouch Culture
Participants were tested for TV using the InPouch culture technique (InPouch - Biomed
Diagnostics; White City, Oregon). Vaginal swabs were obtained by the provider during the
baseline examination. At the follow-up visits, most vaginal swabs were obtained by
participant self-swab. Some swabs were obtained by the provider if the woman’s study visit
coincided with her regular clinic visit. A comparison of self-collected vs. provider collected
vaginal specimens have shown similar predictive values for TV diagnosis.25 For the self-
swab, the woman was asked to insert a swab into the vagina similar to tampon insertion,
rotate the swab three times around the vaginal cavity, remove the swab, and place in a clear
plastic tube which was then given to study staff.

Vaginal swabs were placed into the culture pouch and agitated to release adherent organisms
following the manufacturer’s protocol. Pouches were examined under the microscope for
TV by trained study staff immediately upon receipt. The culture was then placed in an
incubator with a regulated temperature of 37° C. Per manufacturer protocol, study staff
obtained three daily readings within a five-day period. A diagnosis of TV was made after the
first positive pouch reading. After three negative pouch readings, the woman was considered
TV-negative.

Survey
At each study visit, a survey was conducted using audio computer assisted self interview
(ACASI) format which was based on previous survey instruments used among HIV-infected
women.9, 12 If participants were unable to use the computer, or unable to read, the study
staff provided assistance or administered the interview using either a computer assisted
personal interview (CAPI) or paper-to-pen format.

The baseline survey, which was conducted after the gynecological exam but before
randomization to treatment, elicited detailed information about participants’ demographics,
socio-economics, HIV history, STI risk behavior, substance use, and birth control methods,
as well as partner specific information about sexual behavior, disclosure of HIV status,
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condom usage, and partnership status. Partner specific information was linked from visit to
visit by the identifying initials of each partner reported by the participant on the baseline
survey. Study staff abstracted information from the participant’s clinic chart about the type
of prescribed antiretrovirals, CD4 cell count, and viral load at the baseline visit.

The follow-up surveys conducted at TOC and 3 months asked detailed information about
participant treatment adherence, delivery of treatment to partner(s), sexual exposure with
baseline or new partners, and participant or partner symptoms.

Treatment
Generic MTZ tablets were supplied by pharmacies at each site according to the pharmacy’s
protocol. According to randomization, participants assigned to the single dose arm were
given the MTZ 2 gm dose (4 pills) under direct observation by the study coordinator. The
participant was asked to remain at the clinic for 30 minutes to monitor for vomiting.
Participants randomized to the 7 day arm were given the MTZ 500 mg BID dose (14 pills)
and the first pill was given under direct observation. To prevent nausea, snacks were
provided upon request. Since this was an effectiveness trial (i.e. benefit under real world
conditions) rather than an efficacy study (i.e. benefit under ideal circumstances) with an
objective end point (i.e. TV culture), a double-blind study design was not used.

Counseling
All participants received the same counseling: to refrain from unprotected sexual intercourse
until they and their partner(s) completed the medication, to refrain from alcohol
consumption while taking the medication and for 24 hours after completion. Participants
were informed of the potential to experience MTZ-related adverse events including
dizziness, headache, diarrhea, nausea, upset stomach, and change in taste sensation or dry
mouth, and were advised that MTZ can cause a discoloration of urine. Participants in the 7
day treatment arm were also given additional counseling on the importance of taking all
doses of the medication.

Partner treatment
Participants in both treatment arms were provided with MTZ 2 gm single doses to deliver to
their sex partner(s) 26, i.e. patient-delivered partner treatment (PDPT), a form of expedited
partner therapy (EPT). The medication was dispensed in a child-proof container, with clear
and visible instructions to take the medication with food and to avoid drinking any alcohol
for 24 hours after taking the medicine. Additionally, a medication instruction sheet for MTZ
was provided with each PDPT dose, reiterating the warnings on the medication container as
well as with warnings not to take the medicine if the partner was taking disulfiram, was
allergic to MTZ, had liver problems, or was unable to refrain from alcohol use. If any
warnings were true, the participant was instructed to tell her partner to seek care from their
personal health care provider or local STD clinic. Participants were given a 24-hour pager
number for the study coordinator in case she or any partners had questions.

Follow-up
A TOC visit was scheduled for 6-12 days after the index woman completed her medication
dose, with an allowed window of 8 weeks after enrollment. Women who tested positive for
TV at the TOC visit were considered an early repeat infection, most likely due to treatment
failure.12, 26 Women who tested negative for TV at the TOC visit, or who did not complete
a TOC visit, were scheduled for a follow-up visit at 3 months after enrollment with an
allowed window of 8-18 weeks. The 3 month timeframe was chosen to coincide with
routinely scheduled clinic appointments. The rationale for including the 3 month visit as a
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secondary outcome in the evaluation of the treatment trial was twofold: 1) some women
would not attend the TOC visit and 2) the potential for false negatives at TOC. The
sensitivity of InPouch TV culture compared to polymerase chain reaction (PCR) testing is
only 70-78%.27-29 Thus, treatment-induced low concentrations of viable organisms at the
time of the TOC visit may have been below the limit of culture detection.30 If such were the
case, it would be anticipated that renewed growth would occur over time, enhancing the
chance of detection by culture at a later follow-up visit.

Women who tested positive for TV at either follow-up visit (TOC or 3 months) were
referred to their clinic provider for further treatment and this information was documented in
their clinic records.

Sample Size and Statistical Analysis
It was initially estimated that a total of 380 participants (190 per arm) would be required,
with 90% power and a significance level of 5%, to establish equivalency between the two
treatment arms.31 Enrollment rates were lower than estimated and only 270 participants (135
per arm) were enrolled.

All statistical analyses were conducted using SAS version 9.1. Continuous variables were
assessed for normality, and tested accordingly. When appropriate, continuous variables were
categorized using clinically relevant cut-points. Categorical variables were compared using
the Chi-square test. The measure of association at TOC and 3 months was calculated as a
relative risk with 95% confidence interval.

This study was approved by the institutional review boards of the clinical sites, and all
women gave written informed consent before randomization. Participants received the
following incentives for study visit completion: $25 gift card at baseline; $50 gift card at
TOC and 3 months. While side effects were closely monitored, no interim analysis was
performed as this was a phase IV trial.

RESULTS
A total of 2,833 screenings were conducted among HIV-infected women from all
participating clinics, with 16.9% testing TV-positive (n=480). Of the 480 TV+ women, 110
were ineligible, 65 refused study participation, and 35 women could not be contacted by
study staff. A total of 270 women were enrolled in the study (Figure 1): 60.7% were positive
for TV by wet preparation and culture (n=164); 39.3% were positive for TV by culture only
(n=106).

Baseline characteristics
The 270 participants (HIV+/TV+ women) had the following enrollment distribution: 129 in
Houston (47.8%), 74 in New Orleans (27.4%), and 67 in Jackson (24.8%). The majority of
participants (92.2%) were African-American (n=249), and the mean age was 40.1 years
(±9.4). Over half of the participants (65.2%, n=176) were on antiretroviral therapy (ART),
29.6% had a CD4 cell count ≤ 200 mm3 (n=80), and 35.6% had a plasma viral load >10,000
copies (n=96). Of the participants with CD4 cell counts ≤ 200 mm3, 21.3% were not on
ART (n=17). Only 28.5% of the participants were married or cohabitating (n=77), 42.2%
reported not graduating high school (n=114), and 69.6% reported being unemployed
(n=188). The most common symptom in the week before the baseline visit reported by the
women was unusual vaginal discharge (45.2%, n=122), followed by unusual vaginal itching
or irritation (43.3%, n=117), unusual vaginal odor (34.1%, n=92), pelvic pain (14.8%,
n=40), and painful urination (13.0%, n=35). Some women were asymptomatic and reported
no vaginal problems in the past week (31.5%, n=85).
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Most participants reported having a history of yeast infection at least once in the past
(76.7%, n=207), and 41.5% reported a history of TV (n=112). The self-reported history of
ever having other infections is as follows: gonorrhea 26.7% (n=72), Chlamydia 25.2%
(n=68), syphilis 24.8% (n=67), genital warts 22.2% (n=60), genital herpes 21.9% (n=59).
History of bacterial vaginosis was 12.2% (n=33). From the baseline gynecological
examination, Chlamydia and gonorrhea results were available for 240 women, with 2.5%
(n=6) and 1.7% (n=4) testing positive respectively.

In the three months before baseline, 22.2% of participants reported not having any sex
partners (n=60), 62.2% had one sex partner (n=168), 14.8% had two or more sex partners
(n=40), and 0.7% did not respond to the question (n=2). Of the 208 participants with
partners, the majority had male sex partners (95.2%, n=198), with 7 participants having male
and female partners (3.4%) and 3 participants having only female partners (1.4%).

Baseline characteristics by arm
As randomized, 135 participants received the MTZ 2 gm single dose, and 135 participants
received the MTZ 7 day 500 mg BID dose. There were no differences found between arms
with respect to age, race, having ≥1 sex partner, TV-related symptomatology, CD4 count,
viral load, ART status, ART status for those with CD4 cell counts ≤ 200, or enrollment site
(Table 1).

TOC visit
A total of 255 participants returned for the TOC visit, including 125 from the single dose
arm and 130 from the 7 day arm. There were no differences found between women who
completed a TOC visit (n=255) and women who did not return for this visit (n=15) with
respect to age, race, CD4 count, viral load, ART status, enrollment site, or arm. The majority
of women (64%) were interviewed using ACASI, whereas 36% were interviewed by study
staff. There were no differences in method of interview by arm or by site. The median time
interval from baseline to the TOC visit for the single dose arm was 7 days, and for the 7 day
arm was 14 days (p<.0001). This difference was expected given the duration of treatment for
each arm.

Partner treatment and sexual exposure at TOC
Of the 208 participants with partners at baseline, 201 returned for the TOC visit, and 76.1%
reported giving the partner treatment to all of their partners (n=153). There were no
differences found between arms for delivery of partner treatment [74.0% (71/96) in the
single dose arm and 78.1% (82/105) in the 7 day arm reported giving the medication to all
partners; p=0.49]. At TOC, 16.1% of participants reported sexual exposure to baseline
partners and/or new partners since the baseline study visit (41/255) and there were no
differences in the rate of sexual exposure by arm [19.2% (24/125) in the single dose arm
versus 13.1% (17/130) in the 7 day arm; p=0.18].

Adverse events and treatment compliance at TOC
Overall, 96.1% of participants reported taking all of their MTZ treatment as instructed
(n=245). A majority of participants (60.4%) reported no adverse events secondary to MTZ
(n=154). The most common adverse event reported was nausea and/or upset stomach (n=65,
25.5%) followed by headache (n=22, 8.6%), dizziness (n=22, 8.6%), and vomiting (n=12,
4.7%). A few participants reported altered taste sensation (n=6) or itching/rash (n=9).

There were no differences found between arms with respect to index treatment adherence
and side effects (Table 2). Treatment adherence for the single dose arm was not reported to
be 100% because a few women were under time constraints at their baseline visit and unable
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to stay for 30 minutes of observation. In these instances, women were provided the single
dose treatment to take later that day.

TV culture results at TOC
Of the 255 participants at TOC, 32 (12.5%) tested positive for TV (Table 3). In the 7 day
arm, 8.5% tested positive for TV (11/130), and in the single dose arm, 16.8% tested positive
for TV (21/125). Women in the 7 day arm were half as likely to test positive for an early
repeat TV infection compared to women in the single dose arm [R.R. 0.50 (95% CI=0.25,
1.00; P=0.045)].

3 month visit
From the 223 participants who were TV-negative at TOC, 149 returned for a 3 month visit.
There were six participants who did not attend the TOC visit but completed a visit at 3
months. There were no differences found between women who completed a 3 month visit
(n=155) and women who were lost-to-follow-up at 3 months (n=83) with respect to race,
CD4 count, viral load, ART status, enrollment site, or treatment arm. Women who were lost-
to-follow-up were younger than women who completed a 3 month visit, with respective
mean ages of 38.5 and 41.3 years (p=0.03).

Three participants reported taking MTZ since the baseline visit and were excluded from the
analysis. Of 152 participants seen at the 3 month visit, 79 were in the single dose arm and 73
were in the 7 day arm. The median time intervals from baseline to the 3 month visit were 91
and 90 days for the single dose arm and for the 7 day arm respectively (p=0.44). Just over
half of the participants (53.9%) reported sexual exposure to baseline partners and/or new
partners since their last study visit (n=82), and the rates of sexual exposure did not differ
between arms [57.0% (45/79) in the single dose arm versus 50.7% (37/73) in the 7 day arm;
p=0.44].

TV culture results at 3 months
Of the 152 participants at 3 months, 27 (17.8%) tested positive for TV (Table 3). In the 7
day arm, 11.0% (8/73) tested positive for TV compared to 24.1% (19/79) in the single dose
arm. Women in the 7 day arm were half as likely to test positive for a repeat TV infection
compared to women in the single dose arm [R.R. 0.46 (95% CI=0.21, 0.98 ; P=0.03)].

DISCUSSION
To our knowledge, this is the first randomized clinical trial of the effectiveness of treatment
for TV among HIV-infected women. The strengths of the study include a multi-centered
design, with a high follow-up rate at TOC (94.4%), and an objective endpoint (i.e. TV
culture) with two follow-up measures. At TOC, the 7 day 500 mg BID MTZ dose resulted in
significantly lower repeat TV infections compared to the 2 gm single MTZ dose in this
group of HIV-infected women. Additionally, there were no differences found between arms
for treatment adherence and side effects, making the 7 day dose just as acceptable as the
single dose. Given the known potential for false negatives at a TOC visit, we also examined
treatment differences at the 3 month visit as a secondary outcome and found results
consistent with the TOC results indicating treatment superiority for the 7 day dose of MTZ.

Despite the strong study design, there are some potential limitations. The goal of the study
was to determine treatment effectiveness (real world), not efficacy (under ideal conditions),
thus a double-blind study design was purposely not utilized. It is possible, therefore, that the
treatment advantage in the 7 day arm could be attributed to women re-initiating sex later
than women in the single dose arm. This possibility is unlikely given the fact that the rates
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of sexual exposure at TOC and 3 months were similar by randomization arm and both arms
were retested 6-12 days post completion of treatment, the time women were at highest risk
for possible for re-infection via exposure to an original partner or exposure to a new partner
were similar. In addition, both arms reported high adherence to self-treatment and partner
treatment, re-exposure was likely minimal.26 While it is possible that self-reports of sexual
exposure and partner treatment could be inaccurate, there is no reason to believe this
potential error would differ by treatment arm. In addition, the use of audio computer assisted
self interview (ACASI) format for the survey likely reduces potential interviewer and social
desirability biases. Furthermore, the percentage opting for self-administered interview vs.
staff administered did not vary by arm at TOC.

While this study assumes that most of the repeat infections are due to re-infection, it is
possible that these infections are organism-related rather than host-related. However, this is
unlikely that this possibility impacted the findings of the study for two reasons. Even though
the prevalence of MTZ-resistant TV may be on the rise 32, studies of clinical TV isolates
have found nonsusceptibility rates to be low at 2.2-9.6%.33-35 Furthermore, since women
were randomized to treatment, organism differences were likely distributed even by arm.
This suggests that the high rate of single dose treatment failure found among HIV-positive
women is more likely attributable to host factors rather than to organism-related factors.

The screening prevalence of TV for this study (17%) is in the range of previously described
TV rates among HIV-infected women (11-30%) 36-39 but the TOC repeat infection rate
(12.5%) was lower compared to those described in the literature (18-36%).10-12 These
differences are likely due to longer follow-up intervals in the older studies, differences in
partner treatment approaches (providing or not providing patient-delivered partner
treatment), and/or false negatives because of our early rescreening time and the possibility
of persistent but culture undetectable infections.30, 40

Generalizability is always a concern in clinical trials. The demographics of our study
population (i.e. HIV+/TV+ women from three southern cities in the United), while slightly
more likely to be African American (92.2% vs. 60.6%) and ≥ 40 years of age (50.4% vs.
36.7%)41, have a similar epidemiologic profile to other TV-infected women who are both
HIV-infected36 and HIV-uninfected42, 43. Thus, our findings are likely generalizable to the
majority of HIV-infected women in the U.S. though studies in Caucasian and Hispanic
women are needed.

It is worth mentioning that while the 7 day dose was superior, the repeat infection rate in this
arm was 8.5% at TOC and 11.0% at 3 months. Given the clinical and public health
ramifications of untreated TV among HIV-infected women, a better understanding of the
causes of treatment failure and more optimal treatment regimens for HIV-infected women
beyond even the 7 day dose are needed. In addition to the repeat infection rates, the high TV
prevalence identified through culture based screening for women eligible to participate in
this study highlights the need for consistent, routine screening for TV among HIV-infected
women.

In conclusion, the 7 day 500 mg BID dose of MTZ was more effective than the 2 gm single
dose of MTZ for the treatment of TV among HIV-infected women. The recommendation of
the MTZ 2 gm single dose as the standard treatment regimen for TV should be reconsidered
for HIV-infected women based on the results of this trial. Future studies are needed to
understand the host factors involved with treatment failure and to determine optimal
treatment regimens for this population.
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Figure 1.
Enrollment Flow Chart
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Table 1

Baseline Characteristics of HIV+/TV+ Women by Metronidazole Treatment Arm (N=270)

Single dose
(n=135)

7 day dose
(n=135) P-value

≥ 40 years of age 50.4% 50.4% 1.00

African-American 91.9% 92.6% 0.99

≥1 sex partner in past 3 months 77.0% 77.0% 1.00

TV-related symptomatology in past week 66.7% 70.4% 0.51

On ART 65.2% 65.2% 1.00

CD4 cell count ≤ 200/mm3 24.8% 35.1% 0.07

  On ART 18.2% 23.4% 0.57

Plasma viral load >10,000 copies 37.9% 34.6% 0.58

Enrollment Site 0.96

New Orleans HOP clinic (n=66) 25.2% 23.7%

New Orleans NOAIDS clinic (n=8) 2.2% 3.7%

Jackson Crossroads clinic (n=67) 24.4% 25.2%

Houston Thomas St. clinic (n=108) 40.0% 40.0%

Houston Northwest clinic (n=21) 8.2% 7.4%
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Table 2

Treatment Adherence and Side Effects by Metronidazole Treatment Arm at Test-of-Cure Visit (N=255)

Single dose
(n=125)
%

7 day dose
(n=130)
%

P-value

Index reported taking all treatment as
instructed

97.6% 94.6% 0.33

No reported reaction to MTZ 63.2% 57.7% 0.37

Reported nausea or upset stomach 22.4% 28.5% 0.27

Reported headache 7.2% 10.0% 0.43

Reported dizziness 8.0% 9.2% 0.73

Reported vomiting 4.0% 5.4% 0.60
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