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Abstract

Background: 7richomonas vaginalis (TV) is a sexually transmitted parasite associated with
multiple adverse outcomes in women. Estimating TV incidence is challenging because of its
largely asymptomatic presentation.

Methods: Per-capita prevalence was estimated using the National Health and Nutrition
Examination Survey, 2013 to 2018. Incidence was estimated using ordinary differential equations
assuming static incidence at steady state and fit using Bayesian techniques. Model inputs included
estimates of proportion of asymptomatic cases, natural clearance, and time to symptomatic
treatment seeking. Posterior distributions were drawn, and uncertainty was reported, from 25th
(Q1) to 75th (Q3) percentiles. Aggregated measures were estimated by combining component
distributions.

Results: Among 15- to 59-year-olds in 2018, the number of prevalent TV infections was 2.6 (Q1,
2.4; Q3, 2.7) million overall, 470,000 (Q1, 414,000; Q3, 530,000) among men, and 2.1 (Q1, 2.0;
Q3, 2.2) million among women; the numbers of incident infections were 6.9 (Q1, 6.2; Q3, 7.6)
million, 3.3 (Q1, 2.8; Q3, 3.8) million, and 3.5 (Q1, 3.1; Q3, 4.0) million among all persons, men,
and women, respectively. Persons aged 15 to 24 years comprised 15.6% and 16.3% of all prevalent
and incident infections, respectively; prevalence and incidence in both sexes increased with age.
Incidences in both sexes were highly dependent on estimates of natural clearance, which were
based on few data.

Conclusions: Prevalence and incidence of TV are substantial in the United States, particularly
among those 25 years or older. Although estimated prevalence is higher in women, estimated
incidence is similar in men and women. Data on key parameters of TV infection are limited; future
research should focus on clarifying the natural history of TV.
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Trichomonas vaginalis (TV) is a sexually transmitted parasite that has been associated with
multiple adverse outcomes in women, including pelvic inflammatory disease, increased
human immunodeficiency virus acquisition and transmission, and pre-term birth.12
Although at least 80% of cases are asymptomatic, clinical presentation of TV in females

can include unpleasant odor, discharge, dysuria, genital irritation or itching, and pain

during intercourse; males may experience symptoms such as dysuria, urethral itch, and
discharge.3-5 In 2008, the estimated cost of TV to the US health care system was $24.0
($12.0-$36.0) million®; more recently, costs per case of outpatient diagnosis and treatment
of TV were estimated to be $220 for women and $153 for men, with a total cost to the health
care system in 2018 of $173.74 million.”8

Trichomonas vaginalis is thought to be the most prevalent curable sexually transmitted
infection globally®; however, it is challenging to estimate TV incidence because of its

high rate of asymptomatic infection. Furthermore, TV surveillance data are limited, as

it is not a reportable disease in the United States.? To our knowledge, there have been

only 2 studies that have attempted incidence estimates for TV in the United States that

are based on validated, nationally representative data.11:12 In this analysis, we provide
updated estimates of the prevalence and incidence of TV in 2018 using recently developed
modeling methods (Supplemental Materials, http://links.lww.com/OLQ/A633). Notably, we
also provide uncertainty intervals around prevalence and incidence estimates by combining
the uncertainty of multiple input data sources.

MATERIALS AND METHODS

Prevalence

We estimated the number of prevalent and incident TV infections in the United States in
2018. All estimates are provided both stratified by sex (male vs. female) and age (15-24,
25-39, and 40-59 years), as well as aggregated over sex and age. After first estimating per-
capita prevalence and incidence separately for each subpopulation, we estimated the number
of prevalent and incident TV infections by multiplying those estimates by the American
Community Survey full resident population estimates for 2018.13 Our estimates represent
the number of prevalent and incident /nfections rather than the number of pegp/e with an
infection in 2018, because it is possible for a single person to have a repeat TV infection in
2018. All estimates are rounded to the nearest thousand infections. Our primary estimates of
prevalence and incidence are summarized by the median (50th percentile) from the posterior
distributions of prevalence and incidence. Uncertainty intervals around primary estimates are
described by the 25th (Q1) and 75th (Q3) percentiles of the posterior. Aggregated measures
(i.e., total male incidence, total female incidence, total 15- to 24-year-old incidence, etc.)
were estimated by combining component distributions, similar to the methods used in the
overview article in this special issue.

The point prevalence and unweighted sample sizes of TV were estimated using 3 data cycles
(2013-2014, 2015-2016, and 2017-2018) of the National Health and Nutrition Examination
Survey (NHANES).15-17 The NHANES uses the Hologic Aptima nucleic acid amplification
test (NAAT) for detection of TV infection; indeterminate test results for TV in NHANES
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were counted as negatives in our analysis. To increase the stability of our estimates, we
combined data from multiple cycles of NHANES. Although NHANES analytic guidelines’8
recommend interpreting measures of prevalence at the midpoint of the combined cycles,

we found minimal differences in overall TV prevalence among 14- to 59-year-olds between
the 2013-2014, 2015-2016, and 2017-2018 cycles (data not shown). We assumed TV
prevalence was at steady state; therefore, these data are reflective of prevalence across all
cycles from 2013 to 2018.

We then generated a distribution of TV prevalence around the weighted NHANES point
prevalence estimate for each subpopulation to estimate the median TV prevalence by
sampling from a beta distribution with shape parameters defined by the NHANES weighted
prevalence and the unweighted sample size of each subpopulation.

To estimate TV incidence, we used a methodology similar to that used to

estimate chlamydial and gonococcal incidencel® (Supplemental Materials, http:/
links.lww.com/OLQ/A633). This relied on the SymPy package?® in Python?! to solve
ordinary differential equations assuming static incidence at steady state. All people were
classified as uninfected, asymptomatically infected, or symptomatically infected. This
distinction was made because symptomatic people differ from asymptomatically infected
people by seeking treatment to resolve their TV infection; however, both categories of
infected people are assumed to be able to naturally clear their infections.22-26

A summary of the parameters used in this model, stratified by sex and age (where
appropriate),22 is shown in Table 1 and includes population size, the proportion of cases that
are asymptomatic, the time to natural clearance of infection, and time to treatment seeking
among symptomatic persons. Unlike chlamydia and gonorrhea, we assumed there was no
background screening for TV. There is evidence to suggest that both men9:22:23.25,26.28

and women®24.26 gre able to naturally clear infection. However, we estimated natural
clearance rates for men and women only from studies that used NAAT for the diagnosis

of infection and included a determination of time from last sex.23:24 These estimated rates
were bootstrapped to generate distributions. We relied on assumptions, informed by clinical
plausibility, to determine the following parameters: asymptomatic proportion of cases and
rate of symptomatic treatment seeking. The range of possible values generated in this
manner was broad, and we sampled from uniform distributions for both treatment seeking
and asymptomatic proportion of cases. To further constrain our input parameter values to
real-world data, we used diagnosis codes for TV contained in the MarketScan Commercial
Claims and Encounters database for 2016 to 2018. The MarketScan database contains
commercial medical insurance claims from employment-based health insurance plans with
at least 100 enrollees including large employers and health plans; overall, the database
comprises data from 43.6 million persons.2’ We assumed that TV diagnosis codes reflected
treated TV infections. MarketScan only represents a fraction of all nationally diagnosed and
treated TV infections; for the purposes of this analysis, we called this fraction the sampling
fraction and assumed it was the same for both Chlamydia trachomatis and TV. We then fit
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the annual number of model-estimated treated TV infections to achieve a sampling fraction
that was within the same bounds as C. trachomatis in separate analyses.1929 This fitting
process is described more below.

Model Fitting

Our model was fit using a simple Bayesian accept/reject algorithm similar to one used in
previously published work.30 Prior distributions were drawn for each parameter using Monte
Carlo simulations. The posterior distribution consisted of parameter sets where the number
of treated TV infections lay within an acceptable interval. By assuming the chlamydia
sampling fraction also applied to TV, we were able to define acceptability bounds for the
number of model-estimated treated infections by dividing the number of TV diagnoses in
MarketScan by the sampling fraction distribution. The posterior distribution consisted of
10,000 parameter sets, each drawn independently, that were fit to the annual number of
model-estimated treated TV infections, as described previously for each subpopulation.

Ranked Uncertainty Impact Analysis

Because of uncertainty in the model input parameters, there is also output uncertainty in
the TV incidence estimates generated. To evaluate the impact of input uncertainty, we
generated tornado plots summarizing the distributions of incidence that would be expected
by varying each input parameter to its 25th and 75th percentiles while keeping all other
input parameters constant at their median (50th percentile).

RESULTS

Prevalence

The prevalence of TV infection is shown in Table 2. The median numbers of prevalent TV
infections in 2018 among 15- to 59-year-olds were 2.6 (Q1, 2.4; Q3, 2.7) million overall,
470,000 (Q1, 414,000; Q3, 530,000) among men, and 2.1 (Q1, 2.0; Q3, 2.2) million among
women. Persons aged 15 to 24 years comprised only 15.6% of all prevalent infections, with
402,000 (Q1, 356,000; Q3, 449,000) overall, 83,000 (Q1, 63,000; Q3, 107,000) among men,
and 314,000 (Q1, 275,000; Q3, 356,000) among women. The age distribution of prevalent
infections was relatively similar for males and females. In males compared with females,
15- to 24-year-olds comprised 17.7% versus 14.9% of sex-stratified TV infections, 25- to
39-year-olds comprised 34.9% versus 41.9%, and 40- to 59-year-olds comprised 45.1%
versus 42.7%. Overall, women comprised 81.6% of all prevalent infections; this percent was
also relatively similar in each age category: 78.1%, 84.1%, and 80.4% in 15 to 24, 25 to 39,
and 40 to 59 years, respectively.

Incidence

The median numbers of incident TV infections were estimated to be 6.9 (Q1, 6.2; Q3, 7.6)
million, 3.3 (Q1, 2.8; Q3, 3.8) million, and 3.5 (Q1, 3.1; Q3, 4.0) million among all persons,
men, and women aged 15 to 59 years in 2018, respectively (Table 3). Persons aged 15

to 24 years comprised only 16.3% of all incident infections, with 1.1 (Q1, 914,000; Q3,

1.4 million) million infections overall, 568,000 in men (Q1, 411,000; Q3, 771,000) among
men, and 520,000 (Q1, 411,000; Q3, 644,000) among women. The age distribution of the
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incident cases was relatively similar for males and females: in males compared with females,
15 to 24 years comprised 17.3% versus 14.7% of all sex-stratified TV infections, 25 to 39
years comprised 34.3% versus 41.6%, and 40-59 years comprised 44.6% versus 42.3%.
Overall, women comprised 51.5% of all incident infections, with 46.6%, 55.6%, and 49.8%
occurring in the 15 to 24, 25 to 39, and 40 to 59 years of age, respectively.

Ranked Uncertainty Impact Analysis of Incidence Estimate

Uncertainty in prevalence and natural clearance had a big impact on our incidence estimates
(Fig. 1). For example, when TV prevalence was varied from the 25th to the 75th percentiles
of its empirical frequency distribution among men aged 40 to 59 years while holding all
other parameters constant at their median values, the incidence of TV ranged from 1.22

to 1.76 million. When natural clearance was similarly varied among men aged 40 to 59
years, the incidence of TV ranged from 1.22 to 1.75 million cases. Among women, natural
clearance made more of an impact on incidence than prevalence. Among women aged 40 to
59 years, when natural clearance was varied from the 25th to the 75th percentiles of its input
distribution, the incidence of TV ranged from 1.27 to 1.78 million cases. When prevalence
was similarly varied among women aged 40 to 59 years, the incidence of TV ranged from
1.38 to 1.65 million. The 2 remaining parameters, the proportion of new TV infections that
are asymptomatic and the symptomatic treatment seeking rate, had input uncertainty that
impacted TV incidence much less, regardless of sex or age group. These effects were similar
in all age groups.

DISCUSSION

We estimate that there were 2.1 million prevalent TV infections among women and 470,000
among men aged 15 to 59 years in the United States in 2018. Estimates among those

aged 15 to 24 years remained low, with 83,000 among males and 314,000 among females,
respectively. There is less TV infection in younger age groups when compared with older
groups12:31.32: in men, there was a steady increase with increasing age, whereas for
women, prevalence sharply increased after age 24 years and did not seem to differ in the

2 older age groups. We found that overall incidence was similar in men and women, but
prevalence was lower in men compared with women. This results from a natural clearance in
men that is assumed to be greater than 4 times faster than in women (Table 1).

Prevalence estimates for TV are greatly affected by the characteristics of the diagnostic
tests used. The false-positive rate (FPR; 1 — specificity) of a test describes the minimum
proportion of people that would be expected to test positive in a disease-free population.
The specificity of urine-based NAATSs for TV in males has been estimated to be 96.3%
(confidence interval, 93.2-98.1)33: therefore, the FPR for TV NAATs in males is 3.7.
Interestingly, this FPR is higher than the TV prevalence estimated from the NHANES in
all age-specific male subpopulations; each male subpopulation had a test prevalence <1
(data not shown). This phenomenon was also present in 2 of the subgroups of women,
although less pronounced than in men. This could indicate that the test specificity is better
than previously ascertained (indicating a lower FPR), among other possibilities. Other less
likely possibilities include issues related to internal validity of testing or data collection. In
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the current analysis, had we accounted for imperfect testing, our results would have been
uninterpretable, resulting in negative values of prevalence in multiple subpopulations. For
this reason, we ignored these issues and assumed perfect test characteristics to generate
estimates of TV prevalence and therefore incidence.

Our incidence estimates differ from prior estimates.11:12 The most recent estimates reported
by Satterwhite et all2 for 2008 estimated the incidence of TV using the weighted proportion
of women diagnosed with trichomoniasis in the NHANES during the period 2001-2004,
projections from the National Disease and Therapeutic Index, and the assumed symptomatic
proportion of cases. This resulted in an estimate of 415,000 and 680,000 incident TV
infections among men and women, respectively. The estimates by Weinstock et al.11 for
2000 were not stratified by sex; used nationally notifiable disease reports, literature reviews,
and World Health Organization estimates; and reported a TV incidence of 1.9 million and
7.4 million for 15- to 24- and 15- to 59-year-olds, respectively. In our analysis, we used an
ordinary differential equation based model to estimate incidence, using the best available
evidence to inform model parameters; our analysis resulted in estimates of 3.3 million and
3.5 million incident infections among men and women aged 15 to 59 years, respectively.
Some of the differences in estimates may be due to the improvement in molecular testing
methods for TV since 2000%; however, because prevalence estimates have not changed as
extensively, the differences in incidence are more likely due to assumptions inherent to our
model design, particularly those about natural clearance. Unlike previous analyses,2 we
incorporated estimated rates of natural clearance of TV among males and females and found
it to be a key determinant of incidence in our model (as explained below). The methods

we used to estimate incidence were explicit mathematical formulations of our assumptions
related to infection and recovery; all inputs to the model are theoretically measurable, but
most were not available in the literature. We used Monte Carlo simulations to describe
uncertainty in the factors involved in TV infection and clearance. Moreover, we anchored
our model to real-world data by replicating an expected number of treated infections that
corresponded to TV diagnoses documented by MarketScan. However, it is possible that a
small proportion of persons with a TV diagnosis code may not have been treated, or had
delayed treatment, for TV. Furthermore, if providers are less likely to record a diagnosis of
TV in an administrative claims database than we expected, it may result in an underestimate
of treated TV infections and therefore an underestimate of model-estimated incidence.

Among both males and females, modeled incidence rates were highly affected by differences
in TV natural clearance (Fig. 1). There is very little available evidence to inform this
parameter. To inform the natural clearance rate in males, we used a single randomized
controlled trial?3 that followed 16 TV infected men over time. For the natural clearance

rate in females, we again used a single longitudinal study24 in which 37 TV infections

in adolescent women were identified. Both of these studies used NAAT for TV diagnosis
and accounted for time since last sexual exposure to their infected partner. The few other
studies that have attempted to define male natural clearance used culture as a primary means
of diagnosis?2:25.28; hecause culture is far less sensitive than NAAT for detection of TV
infection,33:34 we did not include them in our analysis.
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Although we based our estimates on the best available data, our findings highlight the need
for a better understanding of the natural history of TV infection. We were unable to find data
on the percent of TV infections that are asymptomatic, time from TV exposure to treatment
in males and females, and differences in treatment seeking by age and sex, although all

of these would have altered the outcomes of our model (Fig. 1). More importantly for

our model, however, the clearance rate of TV in both men and women is based on small
numbers of patients. For women, the patients were aged 14 to 17 years. Our model assumes
that all patients who receive treatment completely clear infection and that clearance of

TV infection does not vary by age. However, persistence of infection after single-dose
metronidazole treatment (defined as a positive test result after exclusion of reinfection or
early retesting) is suspected to occur in at least 3% to 19% of women, particularly in women
older than 25 years.31:35:36 One recent randomized, controlled trial of single-dose versus
multidose metronidazole for treatment of TV in human immunodeficiency virus—negative
women demonstrated that 19% of women treated with single-dose versus 11% of women
treated with multidose metronidazole had persistent TV infection 28 days after therapy
despite similar reported sexual behavior, probably indicating a dose-response effect on true
persistence of infection rather than reinfection.3® If there is increased time to TV clearance
among treated women or if there is slower natural clearance in older women, our model
demonstrates that TV incidence in women would be lower, particularly in older age groups.
More research in this area is urgently needed.

An additional limitation of our analysis is that we did not determine the prevalence or
incidence of TV stratified by race/ethnicity. This is due to small sample sizes among

some of our stratifications and would have resulted in unstable estimates. In many

studies, rates of TV have been determined to be far higher in Black or African American
women.1:32 Moreover, by using 2018 estimates of total population, rather than the civilian
noninstitutionalized population, we assumed that TV prevalence and incidence are similar in
active military and institutionalized populations, including incarcerated persons. Therefore,
our estimates may not be applicable to significant subpopulations or groups. Furthermore,
the analysis is subject to the inherent limitations of the NHANES, which include the
presumption of stability of prevalence within cycles, that infection data are only available
for those aged 15 to 59 years, and that indeterminate test results for TV were counted as
negatives.

Despite the uncertainties inherent in the analysis, however, we estimate a high prevalence
and incidence of TV in the United States, particularly among women and men 25 years or
older. We found that, although TV prevalence is higher in women, TV incidence is similar in
both sexes. Given the high disease burden caused by TV, research should focus on clarifying
its natural history, because this affects incidence estimates. Public health efforts should be
directed toward increasing screening and treatment efforts for this very common infection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Tornado plot summarizing the ranked impact of individual model parameters on
Trichomonas vaginalis incidence, by age and sex, United States, 2018. Distributions of
incidence were generated by varying each input parameter to its 25th and 75th percentiles
while keeping all other input parameters constant at their median (50th percentile). Darker
versus lighter bars represent lower versus higher values of a given parameter; higher
parameter values do not always translate to higher incidence estimates.
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