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Objectives: To describe the_epidemiology of Trichomonas vaginalis infection and its
association with HIV infection, in women in four African cities with different levels
of HIV infection.

Design: Cross-sectional study, using standardized methods, including a standardized
questionnaire and standardized laboratory tests, in four cities in sub-Saharan Africa:
two with a high prevalence of HIV infection (Kisumu, Kenya and Ndola, Zambia),
and two with a relatively low prevalence of HIV (Cotonou, Benin and Yaoundé,
Cameroon).

Methods: In each city, a random sample of about 2000 adults aged 15-49 years was
taken. Consenting men and women were interviewed about their socio-demographic
characteristics and their sexual behaviour, and were tested for HIV, syphilis, herpes
simplex virus type 2 (HSV-2), gonorrhoea, chlamydial infection, and (women only)
T. vaginalis infection. Risk factor analyses were carried out for trichomoniasis for
each city separately. Multivariate analysis, however, was only possible for Yaoundé,
Kisumu and Ndola.

Results: The prevalence of trichomoniasis was significantly higher in the high HIV
prevalence cities (29.3% in Kisumu and 34.3% in Ndola) than in Cotonou (3.2%) and
Yaoundé (17.6%). Risk of trichomoniasis was increased in women who reported
more lifetime sex partners. HIV infection was an independent risk factor for tri-
chomonas infection in Yaoundé [adjusted odds ratio (OR) = 1.8, 95% confidence
interval (Cl) = 0.9-3.7] and Kisumu (adjusted OR = 1.7, 95% Cl = 1.1-2.7), but not
in Ndola. A striking finding was the high prevalence (40%) of trichomonas infection
in women in Ndola who denied that they had ever had sex.

Conclusion: Trichomoniasis may have played a role in the spread of HIV in sub-
Saharan Africa and may be one of the factors explaining the differences in levels of
HIV infection between different regions in Africa. The differences in prevalence of tri-
chomoniasis between the four cities remain unexplained, but we lack data on the
epidemiology of trichomoniasis in men. More research is required on the interaction
between trichomoniasis and HIV infection, the epidemiology of trichomoniasis in
men, and trichomonas infections in women who deny sexual activity.
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Introduction

There is convincing evidence that the most common
classical sexually transmitted infections (STIs), gonor-
rthoea, chlamydial infection and genital ulcer disease,
enhance the transmission of HIV during sexual inter-
course [1]. However, the role of Tyichomonas vaginalis
infection in the transmission of HIV is less clear. One
prospective study among female sex workers in Kinshasa
found trichomoniasis to be a risk factor for the acquisi-
tion of HIV infection, although the association was of
borderline significance [2]. Other prospective studies in
wornen did not find a statistically significant association
between T, vaginalis infection and HIV acquisition [3,4].
A study in Malawi on genital shedding of HIV in men
found some evidence that urethritis due to T vaginalis
may enhance the infectiousness of HIV-infected men,
whereas a study among female sex workers in Abidjan
found no evidence of increased genital shedding of HIV
associated with trichomoniasis [5,6].

As part of a multicentre study on factors determining
the differential spread of HIV in Africa, we assessed the
prevalence of classical sexually transmitted infections in
four cities in sub-Saharan Africa: two with a high preva-
lence of HIV infection, and two with a relatively low
and stable prevalence [7]. The cities with high HIV
prevalence were Kisumu (Kenya) and Ndola (Zambia),
and the cities with relatively low HIV prevalence were
Cotonou (Benin) and Yaoundé (Cameroon). This paper
describes the prevalence of trichomoniasis in women in
the four cities and explores risk factors, including the
association with other STIs. The possible role of tri-
chomonas infection in the spread of HIV in the four
cities is discussed. The epidemiology of gonorrhoea,
chlamydial infection, syphilis and herpes simplex virus
type 2 (HSV-2) are described in two other papers in this
supplement [8,9].

Methods

The methods of the multicentre study on factors deter-
mining the differential spread of HIV are described in
detail elsewhere [7]. Briefly, in each of the four cities in
which the study took place, a representative sample of
consenting men and women aged 15—49 years were inter-
viewed about their socio-demographic characteristics and
their sexual behaviour. After the interview, study partici-
pants were requested to give a blood sample that was
tested for HIV, syphilis and HSV-2, and a urine sample
that was tested for gonorrhoea and chlamydial infection.
Women were also asked to insert a swab into the vagina
to test for T vaginalis infection. Study participants with
symptoms and/or signs suggestive of a STT were treated
immediately by the study team, following the national
guidelines for the syndromic management of STIs. Any
participants with positive syphilis serology or with 7. vagi-
nalis infection were traced back and treated later. It was

not possible to treat study participants after they were
found to have gonorrhoea or chlamydial infection
because the urine samples were tested for these infections
several months after the collection of the specimens, at the
Institute of Tropical Medicine in Antwerp, Belgium.

The diagnosis of trichomoniasis was established by inoc-
ulation of a self~administered vaginal swab into a culture
medium for T vaginalis (InPouch™ TV; Biomed
Diagnostics, San José, California, USA), which was read
according to the manufacturer’s instructions after 3 and
5 days. The diagnosis of gonorrhoea and chlamydial
infection was made on a urine sample that was first
tested with the Amplicor Chlamydia trachomatis/ Neisseria
gonorrloeae polymerase chain reaction test (Roche
Diagnostics, Branchburg, New Jersey, USA). Samples
that tested positive were confirmed using the LCx™
Chlamydia trachomatis assay or the LCx™ Neisseria gonor-
rhoeae assay (Abbott Laboratories, Abbott Park, Illinois,
USA). Only individuals who were positive on both tests
were considered infected. Syphilis serology was assessed
with the rapid plasma region (RPR) Card test (Becton
Dickinson and Company, Cockeysville, Maryland, USA)
and with the Serodia®-Tieponema pallidum particle
agglutination (TPPA; Fujirebio Inc., Tokyo, Japan).
Individuals testing positive on both the RPR (at any
titre) and the TPPA were considered to have recently
acquired and/or untreated syphilis, which was the
syphilis variable used in the present analyses. Sera were
tested for HIV antibodies first with an enzyme-linked
immunosorbent assay (ELISA), followed by confirma-
tory testing with a rapid test or another ELISA [7].

The prevalence of trichomoniasis in all women, whether
or not they had reported that they had ever had sexual
intercourse, was compared between the four cities. In
each city, the following risk factors for trichomoniasis
were explored: age, sexual activity, marital status, early age
at first sexual intercourse, lifetime number of sex part-
ners, number of non-spousal partners in the past 12
months, sex in exchange for money in the past 12
months, condom use with non-spousal partners, educa-
tional attainment, occupation, alcohol use and ethnic
group (the latter in Yaoundé and Kisumu only). In addi-
tion, the association with HIV infection and other STIs
(gonorrhoea, chlamydial infection, syphilis and HSV-2)
was explored. Logistic regression was used to calculate
both crude and age-adjusted odds ratios (ORs) for the
association between trichomoniasis and the variables.
Risk factors that were found, after adjusting for age, to be
statistically significant at the 0.1 level, were entered in a
multiple logistic regression model. First, the socio-demo-
graphic and behavioural variables were entered in the
model. Thereafter, HIV and/or other STIs were included
to explore the effects of these variables on the other fac-
tors and to assess their association with T, vaginalis infec-
tion. All analyses were carried out in SPSS for Windows,
version 8.0 (SPSS Inc. 1997, Chicago, Illinois, USA).
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Results

Response rates

The proportion of female study participants who were
tested for T vaginalis infection was 86% (941/1095) in
Cotonou, 64% (717/1116) in Yaoundé, 43% (454/1060)
in Kisumu and 56% (569/1010) in Ndola.These low par-
ticipation rates were mainly due to interruptions in the
supply of InPouch kits to the study sites. A comparison
was made of the socio-demographic and sexual behav-
iour characteristics of women who were tested for tri-
chomoniasis and women who were not. In Cotonou,
women who were not tested for trichomoniasis were
more often not sexually active than women who were
tested. Among the sexually active women, those not
tested were more often single and more likely to be a
housewife than women who were tested. In Yaoundé,
women who were not tested were older than women
who were tested, they were more likely to be married
and more likely to have initiated sexual activity after age
15.They also drank alcohol less often, were more likely
to have no schooling and to be a housewife. In Kisumu,
women who denied that they had ever had sex were less
likely to have been tested for trichomoniasis. Among the
sexually active women, single women, women who had
their sexual debut after age 15, women with fewer life-
time sex partners, and women with a higher educational
attainment were less likely to have been tested. In Ndola,
women who were not tested had a lower educational
level than women who were tested.

Prevalence of trichomoniasis by city and age

The prevalence of trichomoniasis was significantly higher
in the two high HIV prevalence cities than in the two
low HIV prevalence cities: it was 29.3% [95% confidence
interval (CI) =25.2-33.8] in Kisumu and 34.3%
(30.4-38.4) in Ndola, and 3.2% (2.2-4.6) in Cotonou
and 17.6% (14.9-20.6) in Yaoundé (Table 1). The results
of the univariate analyses are presented in Table 1. The
results of the final logistic regression model for Yaoundé,
Kisumu and Ndola are presented in Table 2. In Cotonou,
too few women were found with trichomonas infection
to permit meaningful multivariate risk factor analysis.

The prevalence of trichomonas infection decreased with
increasing age in all cities except Yaoundé. The decrease
was most noticeable in Ndola, where prevalence
decreased from 52% among those aged 15-19 to 19%
among those aged 40—49 (P < 0.001 for trend; Table 1).
Young age remained an independent risk factor for tri-
chomoniasis in Ndola after adjusting for other factors,
although the association was no longer statistically sig-
nificant (Table 2).

Association of trichomoniasis with socio-
demographic and behavioural factors

In Yaoundé and Kisumu, the prevalence of T. vaginalis
was higher in women who reported that they had had

sex than in women who denied sexual activity. In
Cotonou the prevalence was similar in both groups of
women, and in Ndola it was higher among women who
denied sexual activity. However, among women aged
15-19 years, prevalence was higher among sexually
active women than among those who denied that they
had ever had sex (7.4 versus 3.4% in Cotonou, P = 0.2;
59 versus 43% in Ndola, P = 0.06).

Women who were married had a lower prevalence of tri-
chomoniasis than single women and women who had
been married in the past, in all four cities, but the differ-
ence was statistically significant in Cotonou and Ndola
only. In multivariate analysis, marital status remained an
independent risk factor for trichomoniasis in Ndola.

Other socio-demographic variables associated with tri-
chomoniasis were alcohol consumption in the past
month and being of Pahouin ethnic group among
women in Yaoundé, and low levels of education and not
being in full-time employment among women in
Ndola. After adjustment for other factors, ethnic group
remained significantly associated with trichomoniasis in
Yaoundé, and low levels of education in Ndola.

Sexual debut before age 15 was significantly associated
with an increased risk of trichomonas infection in
women in Ndola, and this association persisted after
adjustment for other factors, although it was of border-
line statistical significance only. In all cities, higher life-
time numbers of sex partners and/or higher numbers of
non-spousal partners in the past 12 months were associ-
ated with an increased prevalence of trichomoniasis.
Women who reported that they had received money or
gifts in exchange for sex in the past 12 months were
more likely to have trichomoniasis but the association
was confounded by the number of non-spousal partners
in the past 12 months. In the logistic regression model
with the socio-demographic and behavioural variables
only, lifetime number of sex partners was an independ-
ent risk factor for trichomoniasis but the association was
not statistically significant in Ndola (data not shown).
Number of non-spousal partners in the past 12 months
was not an independent risk factor for trichomoniasis in
multivariate analysis in any of the cities. After adding
STIs to the model, the lifetime number of sex partners
was still an independent risk factor for trichomoniasis in
each city, with women who reported more than three
lifetime sex partners having three to four times the odds
of infection compared with those who reported having
never been sexually active. However, the associations
were no longer statistically significant.

Association of trichomoniasis with other STls

In each city, T. vaginalis infection was more prevalent in
women with positive syphilis serology, gonorrhoea, and
chlamydial infection, respectively. However, statistically
significant associations were only found with gonor-
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Table 1. Prevalence of trichomoniasis among all women by socio-demographic and sexual behavioural characteristics

Cotonou [% (n)] Yaoundé [% (n)] Kisumu [% (n)] Ndola [% (n)]

Overall prevalence 3.2% (30/941) 17.6% (126 /717) 29.3% (133/454) 34.3% (195/569)

Age (years)? P=0.2 P=03 P=0.07 P <0.001
15-19 5.4 (182) 13.1(175) 33.7 (89) 51.7 (149)
20-29 3.1 (390) 19.8 (300) 32.8(186) 31.0 (245)
30-39 1.8 (221) 18.1 (160) 22.9(118) 26.2 (122)
40-49 2.7 (148) 18.1 (83) 24.6 (61) 18.9 (53)

Ever had sex P=0.9 P=0.03 P =0.08 P=0.26
No 2.9 (102) 6.9 (58) 7.7 (13) 40.0 (75)
Yes 3.2 (838) 18.5 (660) 29.9 (441) 33.4 (494)

Marital status P=0.006 P=0.2 P=05 P < 0.001
Never married 5.4 (334) 17.1 (346) 28.6 (77) 46.9 (177)
Now married 1.5 (519) 16.4 (305) 28.4 (324) 26.9 (312)
Past marriage 4.6 (88) 25.4 (67) 35.9(53) 35.0 (80)

Alcohol in the past month P=08 P=0.03 P=05 P=04
No 3.3 (609) 14.6 (392) 28.7 (418) 33.4 (449)
Yes 3.0 (330) 20.9 (325) 34.3 (35) 37.5 (120)

Education P=0.05 P=0.13 P=07 P=0.002
No primary 4.0 (586) 14.3 (70) 31.2 (221) 43.1 (160)
Primary complete 1.3(319) 19.1 (544) 27.1 (166) 34.1 (290)
Secondary/higher 5.9 ((34) 11.5 (104) 28.4 (67) 22.7 {119)

Occupation P=0.7 P=0.2 P=0.2 P =0.002
Full time 3.2 (591) 21.3 (202) 24.2 165) 27.2 (143)
Student 3.9(153) 13.2 (197) 18.2 (22) 46.2 (65)
Homemaker 3.7 (110) 17.8 (242) 32.8 (180) 30.6 (242)
Other 1.2 (87) 18.4 (77) 33.8 (80) 45.2(115)

Ethnic group P=0.001 P=02
1 (Yaoundé = Pahouin, Kisumu = Luo) 23.0 (354) 30.1 (375)

2 (Yaoundé = Bamileke, Kisumu = Luya) 12.4 (162) 32.0 (50)
3 (= other) 12.4 (196) 13.8 (29)

Age at first sexP P=1.0 P=07 P=04 P=0.002
No sex/sex after age 15 3.3 (888) 18.3 (631) 28.7 (296) 30.3 (478)
Before age 15 2.0(51) 20.2 (84) 32.3 (155) 48.2 (85)

Number of lifetime partners P=09 P < 0.001 P=0.02 P=0.02
0 2.9 (102) 6.9 (58) 7.7 (13) 40.0 (75)
1 3.8 (261) 7.6 (118) 17.6 (74) 32.3 (201)
2-3 2.8 (427) 16.2 (210) 33.3 (270) 29.8 (228)
>3 3.4 (149) 24.6 (318) 29.9 (97) 49.2 (63)

Number of non-spousal partners past year P = 0.001 P=0.003 P=0.2 P=0.001
6] 2.4 (766) 14.4 (373) 27.5 (374) 31.6 (492}
1 8.1 (149) 17.9 (235) 36.4 (66) 52.9 (70)
>1 0(23) 29.1(108) 429 (13) 40.0 (5)

Sex for money in past year P=0.05 P=0.06 P=0.2 P=0.1
No 3.0 (927) 16.9 (674) 28.6 (422) 33.5 (540)
Yes 18.2 (11) 29.3 (42) 38.7 (31) 48.3 (29)

Used a condom with all non-spousal P=0.7 P=0.6 P=0.9 P=0.5

partners of the past 12 months
Never/Rarely 7.4 (148) 21.8 (285) 36.9 (65) 49.1 (55)
Mostly/Always 5.3(19) 18.9 (53) 35.7 (14) 57.1 (21)

HSV-2 P=0.3 P < 0.001 P=0.4 P=05
Negative 3.0 (258) 10.2 (343) 25.4(110) 35.8 (240}
Positive 4.3 (608) 24.5 (355) 30.1 (299) 32.8 (296)

Syphilis P=0.5 P=0.2 P=04 P=0.2
Negative 3.4 (889) 17.3 (665) 29.0 (403) 33.5 (478)
Positive 0(19) 25.0 (40) 42.9 (7) 41.3 (63)

Gonorrhoea P=03 P=0.02 P=0.6 P=0.09
Negative 3.2 (899) 16.9 (679) 29.0 (424) 33.8 (550)
Positive 11.1 (9) 40.0 (20) 40.0 (5) 60.0 (10)

Chlamydial infection P=04 P=0.3 P=0.05 P=0.02
Negative 3.2 (896) 17.0 (628) 28.1 (409) 33.5 (544)
Positive 8.3(12) 22.5(71) 50.0 (20) 61.1 (18)

HIV P=0.3 P=0.001 P=0.003 P=1.0
Negative 3.1 (906) 16.3 (659) 24.9 (293) 34.3 (378)
Positive 6.1 (33) 37.5 (48) 39.3 (140) 34.5(177)

a Test for trend. P Among sexually active women. HSV-2, herpes simplex virus type 2.
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Table 2. Risk factors for trichomoniasis in all women: multivariate analysis

Yaoundé Kisumu Ndola

Age (years) P=0.8 P=0.3 P=0.08
15-19 1 1 1
20-29 0.7 (0.4-1.4) 0.8 (0.4-1.5) 0.5 (0.3-1.0)
30-39 0.6 (0.3-1.5) 0.5 (0.3-1.1) 0.5 (0.2-1.1)
40-49 0.7 (0.3-1.9) 0.7 (0.3-1.6) 0.3 (0.1-0.8)

Marital status P=04 P=0.03
Never married 1 1
Now married 0.7 (0.3-1.4) 0.4 (0.2-0.8)
Past marriage 1.3 (0.6-2.7) 0.4 (0.2-0.8)

Alcohol in the past month P=0.2 P=0.06
No 1 1
Yes 1.4 (0.9-2.1) 1.7 (0.97-2.8)

Education P=0.003
No primary 1
Primary complete 0.6 (0.4-1.0)
Secondary/higher 0.3 (0.2-0.6)

Occupation P=0.6
Full time i
Student 1.1 (0.4-2.8)
Homemaker 1.2 (0.7-2.1)
Other 1.5 (0.8-2.9)

Ethnic group P=0.06
1 Pahouin 1
2 Bamileke 0.6 (0.4-1.1)

3 Other 0.6 (0.3-1.0)

Age at first sex P=0.07
After age 15 1
Before age 15 1.7 (0.96-3.0)

Number of lifetime partners P=0.2 P=0.09 P=0.2
0 1 1 1
1 1.4 (0.4-5.6) 2.2 (0.2-19.0) 1.6 (0.7-3.7)
2-3 2.4 (0.6-9.0) 4.9 (0.6-40.6) 1.5 (0.6-3.7)
>3 3.1 (0.8-11.9) 4.4 (0.5-38.8) 3.0 (1.0-9.0)

Number of non-spousal partners past year P=0.4 P=0.1
0 1 1
1 0.7 (0.3-1.4) 1.7 {0.8-3.5)
> 1 0.9 (0.4-2.2) 0.3 (0.03-1.9)

Money in exchange for sex P=0.2
No 1
Yes 1.2 (0.5-2.7)

HIV P=0.1 P=0.02
Negative 1 1
Positive 1.8 (0.9-3.7) 1.7 (1.1-2.7)

HSV-2 P=0.004 P=04
Negative 1 1
Positive 2.2 (1.3-3.7) 1.2 (0.8-2.0)

Gonorrhoea P=0.05 P=0.2
Negative 1 1
Positive 3.0 (1.0-8.6) 3.0 (0.7-13.6)

Chlamydial infection P=0.3 P=0.08
Negative 1 1
Positive 1.7 (0.7-4.6) 2.9 (0.9-9.1)

Values are shown as odds ratios (95% confidence interval). HSV-2, herpes simplex virus type 2.

rhoea in Yaoundé and with chlamydial infection in
Kisuwmu and Ndola. In multivariate analysis, gonorrhoea
was an independent risk factor for T. vaginalis infection
in Yaoundé (OR = 3.0, 95% CI = 1.0-8.6)and Ndola

(OR. = 3.0,95% CI = 0.7-13.6), but it was only statisti-
cally significant in Yaoundé. Chlamydial infection was an
independent risk factor in Kisumu (OR = 1.7, 95%
CI=0.7-4.6) and Ndola (OR =29, 95%
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CI = 0.9-9.1), although the associations were not statis-
tically significant.

HSV-2 infection and HIV infection were associated
with an increased prevalence of trichomoniasis in each
city except Ndola where the prevalence of trichomoni-
asis was similar in those with and without HIV or
HSV-2. The association between trichomoniasis and
HIV and HSV-2 in Ndola was in part confounded by
age (age-adjusted OR for HIV =12, 95%
CI = 0.8-1.8; age-adjusted OR for HSV-2 = 1.5, 95%
CI = 0.96-2.2). The association between trichomoniasis
and HSV-2 was statistically significant in Yaoundé, where
the association persisted in multivariate analysis
(OR = 2.2, 95% CI = 1.3-3.7). In univariate analysis,
the association between trichomoniasis and HIV was
statistically significant in Yaoundé and Kisumu. In multi-
variate analysis, HIV remained an independent risk fac-
tor for trichomoniasis but the association was statistically
significant in Kisumu only (OR =17, 95%
Cl=1.1-2.7).

Discussion

The objective of this paper was to describe the epi-
demiology of T. vaginalis infection in women in four
cities in sub-Saharan Africa with different levels of HIV
infection. The prevalence of trichomoniasis in women
was significantly higher in the two high HIV prevalence
cities (Kisumu and Ndola) than in the two cities with
relatively low levels of HIV infection (Cotonou and
Yaoundé). A considerable proportion of the women
were not tested for T vaginalis infection but we believe
that the differences in prevalence of trichomoniasis
between the four cities can not be explained by partici-
pation bias. There were some differences in socio-demo-
graphic characteristics and sexual behaviour between
women who were tested and women who were not, but
these differences would have tended to underestimate
the prevalence of trichomoniasis in all four cities.
Moreover, the differences we found in the prevalence of
trichomoniasis between Cotonou, Yaoundé and Ndola
are in keeping with the findings from other studies. In
Cotonou, the prevalence of trichomoniasis among preg-
nant women was found to be 17% and that among sex
workers 9% in 1993; in the late 1970s, the prevalence
among pregnant women in Cameroon was found to be
21% and that in Zambia was 39% [10-12].

We explored risk factors for trichomoniasis in order to
try and explain the differences in prevalence between
the four cities. In Yaoundé, Kisumu and Ndola, where
sample sizes permitted multivariate analysis, risk of tri-
chomoniasis was increased in women who reported
higher lifetime numbers of sex partners. In Ndola, tri-
chomonas infection was also associated with early sexual
debut. Several other studies from different parts of the
world have found that high-risk sexual behaviour (i.e.,

high rates of partner change and/or sex in exchange for
money) are risk factors for T waginalis infection in
women [13-16]. In our study, women in the general
population who exchanged sex for money were not at a
significantly increased risk of trichomoniasis, but the
prevalence of T. vaginalis infection was higher in sex
workers than in women in the general population. The
prevalence was 6% in Cotonou, 27% in Yaoundé, 45% in
Kisumu and 42% in Ndola [17].

In multivariate analysis, gonorrhoea and/or chlamydial
infection were independent risk factors for trichomonas
infection. In our study, there was no statistically signifi-
cant association between syphilis seroreactivity and
T. vaginalis infection, and HSV-2 infection was a risk fac-
tor for trichomoniasis in Yaoundé but not in Kisumu
and Ndola. The most likely explanation for the associa-
tion between trichomoniasis and other STIs, which has
also been documented in other studies [14,18], is resid-
ual confounding by sexual behaviour [19]. However, our
study design does not allow us to exclude the possibility

of biological interaction between trichomoniasis and
other STTs.

The prevalence of trichomonas infection was higher in
HIV-infected women than in HIV-negative women in
all four cities except Ndola. In multivariate analysis, tri-
chomoniasis was associated with HIV infection in
Yaoundé and Kisumu, but the association was statistically
significant in Kisumu only. Several studies have found an
assocjation between trichomonas infection and HIV
infection [2,20,21], although others did not find such an
association  after adjusting for confounding
[3,4,18,22,23]. Apart from residual confounding by sex-
ual behaviour, this association could be explained by an
enhanced susceptibility to HIV infection in women
who have trichomoniasis and/or an increased suscepti~
bility to T vaginalis infection in HIV-infected women.
So far, only one prospective study has found tri~
chomonas infection in women to increase the risk of
acquisition of HIV infection [2]. Other prospective stud-
ies could not confirm this finding [3,4]. A study among
Amsterdam sex workers, on the other hand, suggested
that HIV-infected women may be more susceptible to
T. vaginalis infecton than non-HIV-infected women
[24]. If this is true, then the high prevalence of tri-
chomoniasis in the high HIV prevalence cities could be
due to the high prevalence of HIV infection. However,
this would not explain the high level of trichomoniasis
in Ndola. This is because, in this city, no association was
found between HIV infection and trichomoniasis, and
because a high prevalence of trichomoniasis has been
found among pregnant women in Zambia in the late
1970s, well before HIV infection was widespread in the
general population [12]. We therefore believe that tri-
chomoniasis has played a role in enhancing the trans-
mission of HIV in the high HIV prevalence cities by
increasing the susceptibility of non-HIV-infected indi-
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viduals and the infectiousness of HIV-infected individu-
als.

The epidemiology of trichomonas infection in Ndola
appeared to be different from the other cities. The high
prevalence of trichomoniasis in girls who denied that
they had had sex was very striking. This could not be
expliined by under-reporting of sexual activity because
that would imply that all women aged 15-19 would
have had their sexual debut. In addition, in contrast to
the other cities, trichomoniasis in Ndola was age related
and the risk decreased with increasing age. Ndola was
also the only city where HIV-infected women did not
have more trichomoniasis than non-HIV-infected
women. This leads us to believe that the trichomonas
infections that we detected in Ndola are not all acquired
through sexual transmission. There are several reports in
the literature of trichomonas infection in girls who are
not sexually active. In these cases, transmission is thought
to occur through contaminated fomites, a reportedly
rare occurrence [25]. It is unlikely that the high preva-
lence of trichomoniasis in women in Ndola who denied
any sexual activity is due to transmission by fomites. We
therefore believe that the trichomonas infections in vir-
gins could at least in part be due to intestinal tri-
chomonads that are normally present in the large
intestine and that are difficult to distinguish from T vagi-
nalis on microscopy [26]. Faecal material could have
contaminated the self~administered vaginal swab if gen-
ital hygiene was poor and/or if the swab was not care-
fully inserted into the vagina. Another possibility is that
intestinal trichomonads do colonize the vagina via the
perineum. In the 1940s, several experiments were con-
ducted to try and inoculate the vagina with
Trichononas hominis. These inoculations failed and it was
thought that T hominis could not colonize the vagina
[27]. However, with the help of DNA amplification
techniques and typing, it should now be possible to
study directly the different forms of trichomonas that
inhabit different sites of the human body.

The question remains why trichomonas infection is
more prevalent in Kisumu and Ndola than in Cotonou
and Yaoundé. Differences in sexual behaviour do not
offer an adequate explanation, as rates of partner change
reported by women were highest in Yaoundé, one of the
low HIV prevalence cities, and Kisumu, one of the high
HIV prevalence cities [28]. A study of the epidemiology
and risk factors of T. vaginalis infection in men in the
four cities could have clarified this question.
Unfortunately, we did not collect samples from men for
testing for T waginalis. It is clear that more research is
needed on this micro-organism. Research is also needed
on the epidemiology of trichomoniasis in men and on
the role of trichomonas infection in the transmission of
HIV. Novel molecular biological techniques should also
allow us to distinguish between different trichomonads
and to test the hypothesis that trichomonas infections in

women who deny sexual activity may be due to colo-
nization of the vagina by intestinal trichomonads.
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