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Abstract: We describe the epidemiology of Trichomonas vaginalis
(TV) among San Francisco County Jail inmates using APTIMA TV
analyte-specific reagents on remnant urine. We detected TV in 15/713
(2.1%) men and 95/297 (32.0%) women. Among women, increased age
was significantly associated with TV. The benefits of TV screening
should be determined.

Trichomoniasis, caused by the parasitic protozoan Trichomo-
nas vaginalis (TV), is the most common curable sexually

transmitted infection (STI) worldwide.1 In the United States, an
estimated 7.4 million TV cases occur annually, compared with
approximately 3 million Chlamydia trachomatis (CT) cases
and 650,000 Neisseria gonorrhoeae (GC) cases.1,2 Trichomo-
niasis has been associated with pelvic inflammatory disease,3
cervical intraepithelial neoplasia,4 vaginitis,5 and adverse preg-
nancy outcomes among women6–8 as well as prostatitis, ure-
thritis, and infertility among men.9,10 Despite the relative high
burden of disease and associated adverse reproductive se-
quelae, including a 2- to 3-fold increased risk of human immu-
nodeficiency virus acquisition,11–13 TV receives limited public
health attention.14

Prevalence estimates of TV have varied substantially,
depending on the population studied and diagnostic methods
used. TV prevalence has ranged from 3% to 12% among men
attending STI clinics15–17 and 3% to 54% among young sexu-
ally active women,18–20 all using culture; from 37% to 47%
among incarcerated women, using wet-mount microscopy and
culture, respectively21,22; and 38% among black women who
use recreational drugs, using polymerase chain reaction.23

Approximately 10% to 50% of TV infections are asymp-
tomatic,24 emphasizing the importance of screening and laboratory

diagnosis in TV control. Conventional diagnostic modalities for
TV, including culture and wet-mount microscopy, have low
sensitivity, ranging from 40% to 80%.24–26 Newer nucleic acid
amplification tests, including those based on polymerase chain
reaction and transcription-mediated amplification (TMA), have
higher sensitivity, compared with traditional techniques.20,27,28

The TMA-based APTIMA TV (ATV) assay (Gen-Probe, Inc.,
San Diego, CA) exhibits high sensitivity (96.7%) and specific-
ity (97.5%).29

Absence of reporting requirements for TV, limited use of
sensitive diagnostic tests,30 and lack of routine screening pro-
grams have led to an incomplete understanding of TV epide-
miology in the United States. Disproportionately affected by
other STIs,31–35 incarcerated populations might be at higher
risk for TV, but few studies have investigated the burden of
disease in this group. Our study used a highly sensitive TMA-
based assay to assess prevalence and correlates of TV among
incarcerated individuals in San Francisco.

Since 1996 the San Francisco Department of Public
Health has conducted urine-based CT and GC screening in the
San Francisco county jail for men ages 18 to 30 years and
women ages 18 to 35 years. Diagnostic testing is also done,
with no age restrictions.

We identified all first-catch urine specimens collected
for CT and GC testing from incarcerated persons during Jan-
uary to April 2008. Samples were pipetted into urine specimen
transport tubes (Gen-Probe, Inc.) �24 hours after collection,
and sent to the San Francisco Department of Public Health
Laboratory for CT and GC testing by using Gen-Probe AP-
TIMA Combo 2 Assay (AC2) on the automated TIGRIS plat-
form per standard laboratory protocol.

Data on age, gender, and race/ethnicity were recorded
when specimens were collected. We assessed CT and GC
infection history by querying San Francisco morbidity case
reports. Subsequent to CT and GC testing, we stored remnant
specimens at 5°C and removed identifying information.

Within 30 days from the collection date, we tested speci-
mens for TV by using the Gen-Probe APTIMA T. Vaginalis
(ATV) assay on the TIGRIS DTS (Direct Tube Sampling) system
(Gen-Probe, Inc.). We used APTIMA general-purpose reagent kits
and ATV analyte-specific reagents, including target capture, am-
plification, enzyme, and probe and selection reagents.

Statistical analyses were conducted with Stata 10 (Stata
Corporation, College Station, TX). Univariate logistic regres-
sion analyses were used to assess associations between TV and
potential risk factors. Separate models were constructed for
men and women. We entered variables with P �0.20 on
univariate analyses into multivariate logistic regression models
and used backward stepwise regression to arrive at a final
model, retaining variables with P �0.05. Because in multivar-
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iate analysis no factors were statistically significant for men
and only age was statistically significant for women, the results
of univariate analyses are presented here. The University of
California San Francisco Committee on Human Research ap-
proved the study.

During the study period, we identified 1026 urine spec-
imens collected from 713 men (69.5%), 297 women (28.9%),
and 5 transgender persons (0.5%); 11 specimens (1.1%) tested
for CT and GC could not be tested for TV because of insuffi-
cient fluid volume.

Overall, the prevalence of TV was 110/1015 (10.8%; 95%
confidence interval [CI], 9.0%–12.9%). Stratified by gender, TV
was present among 15/713 men (2.1%; 95% CI, 1.2%–3.4%),
95/297 women (32.0%; 95% CI, 26.7%–37.6%), and 0/5 trans-
gender persons (0%; 95% CI, 0%–52%) (Figure).

Among men (n � 713), the median age was 25 years
(range, 18–58 years). Among 684/713 men (95.9%) for whom
race/ethnicity was known, the distribution was 48.3% black,
23.0% Hispanic, 21.5% white, 5.4% Asian, and 1.8% other.
The prevalence of CT and GC was 4.3% and 1.1%, respec-
tively. The median age among men positive for TV was 27
years (range, 20–52 years). No concurrent infections with CT
or GC were detected. Age, race/ethnicity, and prior infection
with GC or CT were not significantly associated with TV in
univariate analyses (Table 1).

Among women (n � 297), the median age was 26 years
(range, 18–57 years). Among 290/297 women (97.6%) for
whom race/ethnicity was known, the distribution was 64.8%
black, 17.2% white, 11.4% Hispanic, 3.1% Asian, and 3.4%
other. The prevalence of CT and GC was 3.4% and 1.7%,
respectively. The median age among women positive for TV
was 30 years (range, 18–56 years). In univariate analyses, TV
significantly increased with age. TV was detected in 24.8%
(95% CI, 17.8%–32.9%) of women aged �25 years, compared
with 38.1% (95% CI, 30.6%–46.1%) of women aged �25
years (P � 0.015). Race/ethnicity and current or prior infection
with GC or CT were not significantly associated with TV
(Table 2).

This study of TV prevalence and correlates among in-
carcerated individuals in San Francisco showed a high TV
prevalence among women, particularly women aged �25
years. Consistent with previous studies,12,27 TV was more
prevalent among women than men. Among women of all ages,
TV was by far the most common pathogen identified (32.0%),
compared with CT (3.4%) and GC (1.7%). Among men of all
ages, however, the prevalence of TV (2.1%) was comparable to
CT (4.3%) and GC (1.1%).

In contrast with other STIs (e.g., CT and GC), which

exhibit peak prevalence among adolescents and young adults,
TV has been documented to be equally or more prevalent
among sexually active women of older age groups.12,36–38 This
trend was consistent with our findings. We determined that age
�25 years was significantly associated with TV among women
but not men. Infection among older women might be a result of
persistent infection. The Centers for Disease Control and Pre-
vention recommends CT screening for women aged �26 years
and older women with risk factors (e.g., multiple sex partners
or a new sex partner).39 If existing CT and GC screening
programs consider incorporating screening for TV, a substan-
tial number of TV cases among older women might not be
identified.

Although concomitant STIs, especially GC,36,40 have been
reported to be common among persons presenting with TV,41

we did not find prior infection or coinfection with CT or GC to
be significantly associated with TV among women or men.
Among men with TV, no CT or GC coinfections were identi-
fied. Race/ethnicity was not significantly associated with TV
among men or women.

Unlike nucleic acid amplification tests for CT and GC
diagnosis,30 ATV for TV diagnosis is not FDA cleared, is only
available as an analyte-specific reagent test, and is not widely
used by US public health laboratories. However, ATV testing
might be useful for TV diagnosis among certain populations.
The ATV test, when automated on the TIGRIS platform, pro-
vides a uniform testing platform for CT, GC, and TV testing
from a single noninvasively collected urine specimen. Target
populations might differ for screening for TV compared with
CT and GC, however, limiting the practical utility of simulta-
neously screening for all 3 infections.

Our study had certain limitations. We did not know the
proportion of specimens submitted for screening compared

Figure. Prevalence of Trichomonas vaginalis by sex and
age, San Francisco County Jail, 2008 (N � 1010).

TABLE 1. Prevalence and Univariate Odds Ratios (OR) of
Trichomonas vaginalis (TV) Among Men, by Select
Characteristics, San Francisco County Jail, 2008

Characteristic
TV neg
No. (%)

TV pos
No. (%)

Univariate OR
(95% CI) P

Total 698 (97.9) 15 (2.1)
Age* (yr)

�25 378 (97.9) 8 (2.1) Ref. 0.93
�25 318 (97.8) 7 (2.2) 1.05 (0.38–2.91)

Race/ethnicity†

White 146 (99.3) 1 (0.7) Ref. 0.17
Asian 37 (100) 0 (0) NA‡

Black 319 (96.7) 11 (3.3) 5.03 (0.64–39.40)
Hispanic 155 (98.7) 2 (1.3) 1.89 (0.17–21.01)
Other 13 (100) 0 (0) NA‡

Concurrent
infection(s)

None 662 (97.8) 15 (2.2) Ref. 1.00
CT only 28 (100) 0 (0) NA‡

GC only 5 (100) 0 (0) NA‡

CT and GC 3 (100) 0 (0) NA†

Prior infection(s)§

None 538 (98.5) 8 (1.4) Reference 0.08
CT only 70 (93.3) 5 (6.3) 4.55 (1.45–14.27)
GC only 41 (97.6) 1 (2.3) 1.63 (0.20–13.30)
CT and GC 34 (97.1) 1 (2.8) 1.95 (0.24–16.03)

*Data missing for 2 men.
†Data missing for 29 men.
‡NA � Estimates of OR not available because cell value � 0.
§Data missing for 15 men.
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with diagnostic testing. We lacked data on participant charac-
teristics, including gender and numbers of sex partners and
symptom status. This study has limited generalizability to other
incarcerated populations. Strengths of the study included a
substantial sample among a group at high risk and use of a
highly sensitive molecular test for detecting TV among men
and women.

As the most prevalent curable STI in the United States,1
TV has important public health implications. Given the avail-
ability of sensitive diagnostic tests, inexpensive and effective
treatment, and the well-described adverse health outcomes as-
sociated with TV, routine screening among incarcerated popu-
lations and other groups at high-risk merits serious further
consideration. Additional studies using highly sensitive and
specific molecular methods to characterize further the epide-
miology of TV among various high- and low-risk populations
can help target prevention and treatment efforts to maximize
use of our limited public health resources.

REFERENCES
1. Cates W Jr. Estimates of the incidence and prevalence of sexually

transmitted diseases in the United States. American Social Health
Association Panel. Sex Transm Dis 1999; 26:S2–S7.

2. Weinstock H, Berman S, Cates W. Sexually transmitted diseases
among American youth: Incidence and prevalence estimates,
2000. Perspect Sex Reprod Health 2004; 36:6–10.

3. Moodley P, Wilkinson D, Connolly C, et al. Trichomonas vagi-
nalis is associated with pelvic inflammatory disease in women
infected with human immunodeficiency virus. Clin Infect Dis
2002; 34:519–522.

4. Zhang Z, Begg CB. Is Trichomonas vaginalis a cause of cervical
neoplasia? Results from a combined analysis of 24 studies. Int J
Epidemiol 1994; 23:682–690.

5. Swygard H, Sena AC, Hobbs MM, et al. Trichomoniasis: Clinical

manifestations, diagnosis and management. Sex Transm Infect
2004; 80:91–95.

6. Cotch MF, Ii JGP, Nugent RP, et al. Trichomonas vaginalis
associated with low birth weight and preterm delivery. Sex
Transm Dis 1997; 24:353.

7. Sutton MY, Sternberg M, Nsuami M, et al. Trichomoniasis in
pregnant human immunodeficiency virus-infected and human im-
munodeficiency virus-uninfected Congolese women: Prevalence,
risk factors, and association with low birth weight. Am J Obstet
Gynecol 1999; 181:656.

8. Minkoff H, Grunebaum AN, Schwarz RH, et al. Risk factors for
prematurity and premature rupture of membranes: A prospective
study of the vaginal flora in pregnancy. Am J Obstet Gynecol
1984; 150:965–972.

9. Krieger JN, Jenny C, Verdon M, et al. Clinical manifestations of
trichomoniasis in men. Ann Intern Med 1993; 118:844–849.

10. Krieger JN, Verdon M, Siegel N, et al. Natural history of uro-
genital trichomoniasis in men. J Urol 1993; 149:1455–1458.

11. Laga M, Manoka A, Kivuvu M, et al. Non-ulcerative sexually
transmitted diseases as risk factors for HIV-1 transmission in
women: Results from a cohort study. AIDS 1993; 7:95.

12. Wawer MJ, Sewankambo NK, Serwadda D, et al. Control of
sexually transmitted diseases for AIDS prevention in Uganda: A
randomised community trial. Rakai Project Study Group. Lancet
1999; 353:525–535.

13. Van Der Pol B, Kwok C, Pierre-Louis B, et al. Trichomonas
vaginalis infection and human immunodeficiency virus acquisi-
tion in African women. J Infect Dis 2008; 197:548–554.

14. Van Der Pol B. Trichomonas vaginalis infection: The most prev-
alent nonviral sexually transmitted infection receives the least
public health attention. Clin Infect Dis 2007; 44:13–22.

15. Borchardt KA, al-Haraci S, Maida N. Prevalence of Trichomonas
vaginalis in a male sexually transmitted disease clinic population
by interview, wet mount microscopy, and the InPouch TV test.
Genitourin Med 1995; 71:405–406.

16. Joyner JL, Douglas JM Jr, Ragsdale S, et al. Comparative prev-
alence of infection with Trichomonas vaginalis among men at-
tending a sexually transmitted diseases clinic. Sex Transm Dis
2000; 27:236–240.

17. Krieger JN, Verdon M, Siegel N, et al. Risk assessment and
laboratory diagnosis of trichomoniasis in men. J Infect Dis 1992;
166:1362–1366.

18. Bunnell RE, Dahlberg L, Rolfs R, et al. High prevalence and
incidence of sexually transmitted diseases in urban adolescent
females despite moderate risk behaviors. J Infect Dis 1999; 180:
1624–1631.

19. Spence MR, Hollander DH, Smith J, et al. The clinical and
laboratory diagnosis of Trichomonas vaginalis infection. Sex
Transm Dis 1980; 7:168–171.

20. Wendel KA, Erbelding EJ, Gaydos CA, et al. Trichomonas vaginalis
polymerase chain reaction compared with standard diagnostic and
therapeutic protocols for detection and treatment of vaginal tricho-
moniasis. Clin Infect Dis 2002; 35:576–580.

21. Shuter J, Bell D, Graham D, et al. Rates of and risk factors for
trichomoniasis among pregnant inmates in New York city. Sex
Transm Dis 1998; 25:303.

22. Klausner JD, Baer JT, Contento KM, et al. Investigation of a
suspected outbreak of vaginal trichomoniasis among female in-
mates. Sex Transm Dis 1999; 26:335–338.

23. Miller M, Liao Y, Gomez AM, et al. Factors associated with the
prevalence and incidence of Trichomonas vaginalis infection
among African am women in New York city who use drugs.
J Infect Dis 2008; 197:503.

24. Fouts AC, Kraus SJ. Trichomonas vaginalis: Reevaluation of its
clinical presentation and laboratory diagnosis. J Infect Dis 1980;
141:137–143.

25. McCann JS. Comparison of direct microscopy and culture in the
diagnosis of trichomoniasis. Br J Vener Dis 1974; 50:450.

26. Caliendo AM, Jordan JA, Green AM, et al. Real-time PCR
improves detection of Trichomonas vaginalis infection compared
with culture using self-collected vaginal swabs. Infect Dis Obstet
Gynecol 2005; 13:145.

TABLE 2. Prevalence and Univariate Odds Ratios (ORs) of
Trichomonas vaginalis (TV) Among Women, by Select
Characteristics, San Francisco County Jail, 2008

Characteristics
TV neg
No. (%)

TV pos
No. (%)

Univariate OR
(95% CI) P

Total 202 (68.0) 95 (32.0)
Age (yr)

�25 103 (60.2) 34 (24.8) Ref. 0.02
�25 99 (61.9) 61 (38.1) 1.87 (1.13–3.08)

Race/ethnicity*
White 40 (80.0) 10 (20.0) Ref. 0.12
Asian 5 (55.6) 4 (44.4) 3.21 (0.72–14.1)
Black 121 (64.4) 67 (35.6) 2.21 (1.04–4.71)
Hispanic 23 (69.7) 10 (30.3) 1.74 (0.63–4.80)
Other 10 (100) 0 (0) NA†

Concurrent
infection(s)

None 191 (67.5) 92 (32.5) Ref. 0.34
CT only 8 (88.9) 1 (11.1) 0.26 (0.03–2.11)
GC only 2 (50.0) 2 (50.0) 2.08 (0.29–14.98)
CT and GC 1 (100) 0 (0) NA†

Prior infection(s)‡

None 128 (71.5) 51 (28.5) Ref. 0.26
CT only 20 (54.1) 17 (45.9) 1.15 (0.60–2.23)
GC only 3 (25.0) 9 (75.0) 1.88 (0.74–4.74)
CT and GC 7 (28.0) 18 (72.0) 1.81 (0.91–3.59)

*Data missing for 7 women.
†NA � Estimates of OR not available because cell value � 0.
‡Data missing for 44 women.

Prevalence and Correlates of T. vaginalis

Sexually Transmitted Diseases ● Volume 37, Number 3, March 2010 167



27. van der Schee C, van Belkum A, Zwijgers L, et al. Improved
diagnosis of Trichomonas vaginalis infection by PCR using vag-
inal swabs and urine specimens compared to diagnosis by wet
mount microscopy, culture, and fluorescent staining. Am Soc
Microbiol 1999: 4127–4130.

28. Huppert JS, Mortensen JE, Reed JL, et al. Rapid antigen testing
compares favorably with transcription-mediated amplification as-
say for the detection of Trichomonas vaginalis in young women.
Clin Infect Dis 2007; 45:194.

29. Hardick A, Hardick J, Wood BJ, et al. Comparison between the
Gen-Probe transcription-mediated amplification Trichomonas
vaginalis research assay and real-time PCR for Trichomonas
vaginalis detection using a Roche LightCycler instrument with
female self-obtained vaginal swab samples and male urine sam-
ples. J Clin Microbiol 2006; 44:4197–4199.

30. Dicker LW, Mosure DJ, Steece R, et al. Testing for sexually
transmitted diseases in US Public Health laboratories in 2004.
Sex Transm Dis 2007; 34:41.

31. Mertz KJ, Voigt RA, Hutchins K, et al. Findings from STD
screening of adolescents and adults entering corrections facilities:
Implications for STD control strategies. Sex Transm Dis 2002;
29:834–839.

32. High prevalence of chlamydial and gonococcal infection in
women entering jails and juvenile detention centers–Chicago,

Birmingham, and San Francisco, 1998. MMWR Morb Mortal
Wkly Rep 1999; 48:793–796.

33. Beltrami JF, Cohen DA, Hamrick JT, et al. Rapid screening and
treatment for sexually transmitted diseases in arrestees: a feasible
control measure. Am J Public Health 1997; 87:1423–1426.

34. Bick JA. Infection control in jails and prisons. Clin Infect Dis
2007; 45:1047–1055.

35. Hammett TM, Drachman-Jones A. HIV/AIDS, sexually transmit-
ted diseases, and incarceration among women: national and
southern perspectives. Sex Transm Dis 2006; 33:S17–S22.

36. Lossick JG. Epidemiology of Urogenital Trichomoniasis.
Trichomonads Parasitic in Humans. New York, NY: Springer-
Verlag, 1989: 311–323.

37. Miller WC, Swygard H, Hobbs MM, et al. The prevalence of
trichomoniasis in young adults in the United States. Sex Transm
Dis 2005; 32:593–598.

38. Schwebke JR, Burgess D. Trichomoniasis. Clin Microbiol Rev
2004; 17:794–803.

39. Workowski KA, Berman SM. Sexually transmitted diseases treat-
ment guidelines, 2006. MMWR Recomm Rep 2006; 55:1–94.

40. Heine P, McGregor JA. Trichomonas vaginalis: A reemerging
pathogen: Vaginitis in 1993. Clin Obstet Gynecol 1993; 36:137–144.

41. Reynolds M, Wilson J. Is Trichomonas vaginalis still a marker for
other sexually transmitted infections in women? Int J STD AIDS
1996; 7:131.

Freeman et al.

168 Sexually Transmitted Diseases ● Volume 37, Number 3, March 2010


