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ABSTRACT

Estimates from the WHO indicate that Trichomonas vaginalis (TV) infection 1s the
most common curable sexually transmitted infection world wide. Unfortunately
compared to other curable sexually transmitted infections, not much attention has
been given to its control. This, however, 1s changing due to recent reports linking
Trichomonas vaginalis 1nfection to adverse birth and reproductive health outcomes
and also 1ts facilitation of acquisition of the Human immuno deficiency virus.

Studies in this thesis address aspects of the epidemiology of Trichomonas vaginalis
infection with a view to enhancing control programmes.

Pregnant women attending antenatal clinics in Kumasi, Ghana, participated in the
study. Data on socio-demographic characteristics, sexual behaviour, ano-genital
hygiene, and partner behaviour were taken. Genital examinations were also done.
Vaginal swabs were taken for the detection of Trichomonas vaginalis by 6 methods;
latex agglutination, wet prep microscopy, culture, enzyme 1mmuno-assay,
polymerase chain reaction, and lateral flow. Women infected with TV were treated
with standard 2g metronidazole single dose and had tests of cure done after a week.

Four main findings are highlighted;

1. socio-demographic, behavioural and chinical factors independently
associated with TV infection were; young age, neither being of Akan nor
northern origin, having no religious faith, and douching. Also, not using
toilet roll for menstrual hygiene, complaining of a vaginal discharge,
clinical detection of vaginal discharge and a vaginal pH more than 5 were
independently associated with infection. However, these factors either

singly or in combination, could not predict TV infection.



1. using a combination of morphologically based traditional TV diagnostics
(wet prep and culture) and molecular techniques (PCR), no evidence for
the involvement of rectal and oral trichomonads in the aetiology of
vaginal trichomoniasis as speculated recently, was found.

111. a developing country-friendly TV diagnostic, the latex agglutination test,
compared tavourably with culture, the gold standard in TV diagnosis.
With 91% sensitivity and 99% specificity, it is easy to train to use, easy to
use, enables same day treatment, and does not require any equipment. It 1s
apparently stable 1n field temperatures and relatively cheap.

1v. the use of 2g single dose metronidazole therapy by a directly observed

strategy 1s feasible. It was well tolerated and had a cure rate of 99.4%

after 1 week.

These findings contribute some new information to the epidemiology of TV
infection. Such attributes of the latex agglutination test and the excellent clinical

efficacy of single dose metronidazole therapy should make the control of TV

infection feasible.
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1.0 INTRODUCTION

1.1 Background to the study
Trichomonas vaginalis (TV) 1s one of the commonest sexually transmitted

pathogens, with an estimated annual incidence of 170 million cases worldwide '. It

causes a wide spectrum of 1nfections in men and women leading to great morbidity.
Sequelae of infection with this flagellate include adverse pregnancy and perinatal
outcomes. The Vaginal Infections in Prematurity (VIP) study in the United States
(US) found that infection with 7. vaginalis resulted in a modest increase in the risk of
premature labour (relative risk 1.3) °. The attributable risk of 7. vaginalis infection
associated with low birth weight was 1.5% in white populations, but 11% amongst
black women. The study also found that 7richomonas vaginalis infection 1n
pregnancy was significantly associated with preterm delivery of a low birth weight
infant (Odds ratio, 1.3).

Trichomonas vaginalis infection has also been reported as a risk factor for the
transmission of Human immuno deficiency virus (HIV) infection. In a prospective
study among female sex workers in Kinshasa, Laga et a/ > found trichomoniasis to be
a risk factor for the acquisition of HIV. There have also been reports ot higher
concentrations of HIV in the semen of men with symptomatic trichomoniasis * In
HIV infected women who are concomitantly infected with 7.vaginalis, treatment of

the trichomoniasis has reduced the HIV viral load by a factor of four >, Strategies that

incorporate treatment of trichomoniasis could be important in HIV control.

The control of any infectious disease depends on a sound understanding of its
epidemiology. There are however some gaps in the epidemiology ot Trichomonas
vaginalis infection, which data could be important for its etfective control. Important

amongst these 1s whether other human trichomonads apart from T.vaginalis are
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involved in the aetiology of urogenital trichomoniasis. Conventional wisdom dictates
that these other trichomonads cannot colonise the vagina. This follows from earlier
studies which reported that all human trichomonads are site specific and that one
could not find the other human trichomonads i.e. Pentatrichomonas hominis and
[richomonas tenax (which are found in the large intestine and oral cavity
respectively), in the urogenital tract. Most of these studies utilised diagnostic
methods relying on the morphology of the organism. In recent times, it has been
reported that morphological differentiation of human trichomonads is difficult ° as
they all look morphologically alike at microscopy. Also, trichomonads have been

reported from non traditional body sites 78,9

using mostly more sensitive molecular
methods, thus questioning the postulates that they are site specific.

The finding 1n a commumty survey of 40% adolescent girls in Zambia with vaginal
trichomomasis ( based on morphology) who deny ever having had sexual intercourse
'“ and a report finding P.hominis in vaginal swabs (by polymerase chain reaction)
from a similar population '’ leads to speculations of whether the trichomonads found
in the adolescents in Zambia are those supposedly not transmitted sexually, but
getting into the vagina from a rectal reservoir (the traditional site of
Pentatrichomonas hominis). The control of T.vaginalis infection 1s based on

measures against sexual transmission. Involvement of other trichomonads (not

transmitted sexually) in the aetiology, would have a bearing on measures which help

control the spread and sequelae of infection.

Modern molecular diagnostic methods should make a study of which trichomonad
species is found in women diagnosed with Trichomonas vaginalis possible.

In analysing a model of treatment interventions for T.vaginalis, Bowden and Garnet '

demonstrated that screening populations for infection and treating those found
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infected would have a far greater impact on reducing rates of infection than the
present syndromic management approaches used in many developing country
settings which have the highest burden of infection. Such screening programmes
would however depend on the availability of diagnostic tests not only with good test
performances, but also tests which can be done with less technologically demanding
equipment, performed with less skilled labour, at low cost, and under conditions as
found 1n developing country settings. The tests would also have to be rapid to enable
same day treatment. Some presently available tests could fulfil this purpose.
Laboratory tests presently available for the detection of T.vaginalis are either
insensitive or relatively expensive for use in resource poor countries. Finding socio-
demographic, biologic, sexual, genital hygiene and clinical factors which could
- predict infection would be useful 1n selecting subjects for further investigation and
treatment of 1infection.

Work presented 1n this thesis investigates the above problems and hopefully should
help our understanding of the aetiology of vaginal trichomoniasis 1n relation to other
human trichomonads. The choice of laboratory diagnostic tests for effective

screening and control of disease would also be aided by work presented.

1.2 Purpose, Aims and Objectives of Study

The purpose of the study is to improve the understanding of the epidemiology of
Trichomonas vaginalis and other related human trichomonads 1n the aetiology of
vaginal trichomoniasis and evaluate laboratory diagnostic tests with a view to

improving the control of infection.
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1.2.1 Aims of study: to study the epidemiology of trichomoniasis in Kumasi, Ghana.
1.2.2 Primary objective: ascertain whether human trichomonads other than
I'vaginalis are involved 1n the aetiology of urogenital trichomoniasis.

1.2.3 Secondary objectives:

1. 1nvestigate factors related to sociodemographic, biologic, ano-genital hygiene

practices, sexual practices, and partners’ sexual habits that are associated

with vaginal trichomoniasis in pregnant women.
11. ascertain clinical correlates of T.vaginalis infection in pregnant women

111. compare different laboratory diagnostic methods (latex agglutination, wet

prep examination, culture, enzyme immunoassay, lateral flow and polymerase

chain reaction) for 7. vaginalis infection.

1v. 1vestigate the involvement of human trichomonads other than Trichomonas
vaginalis 1n the aetiology of vaginal trichomoniasis.

v. determine the species of trichomonads found 1n the vagina, rectum and oral
cavity of study participants.

vi. determine the clinical efficacy of single 2g dose metronidazole therapy in

vaginal trichomoniasis in Ghana.

1.3 Outline of work to be presented

Relevant published literature relating to the biology of T.vaginalis, 1ts pathogenicity,
epidemiology and clinical disease in men and women, the probable role ot extra-
genital trichomonads in the aetiology of genital trichomoniasis 1s presented in the
first part of chapter 2. The second part of the chapter presents literature on the
laboratory diagnosis of I.vaginalis infection and treatment 1ssues. Methods for all

aspects of the study are described 1n chapter 3. Chapter 4 details results and
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discussion of socio-demographic, behavioural, biologic, sexual practices, genital
hygiene factors associated with infection. Results and discussion of Clinical
correlates of T.vaginalis intection are written up in Chapter 5, and a combination of
both the socio-demographic etc factors and clinical correlates of 7.vaginalis infection
written up 1n chapter 6. Write up of the results and discussion of Comparison of
I'vaginalis diagnostic methods is presented in Chapter 7. Chapter 8 presents results
and discussions relating to the involvement of human trichomonads other than
I.vaginalis 1n the aetiology of vaginal trichomoniasis. Work on species of
trichomonads found in the vagina, rectum and mouth is presented in Chapter 9.
Chapter 10 1s on the results and discussion of the Clinical efficacy of 2g single dose

metronidazole 1n the treatment of vaginal trichomoniasis. Study conclusions, with

suggestions for further research are found in Chapter 11.

1.4 Collaborating Institutions and Ethical Clearance

Collaborators for this study comprise the School of Medical Sciences of the Kwame
Nkrumah Umversity of Science and Technology, Kumasi, Ghana, The Komfo
Anokye Teaching Hospital, Kumasi, Ghana, the Ghana Health Service, the Chinical
Research Unit of the London School of Hygiene and Tropical Medicine, and the
Institute of Tropical Medicine, Antwerp.

Ethical and Research clearance for the study was obtained from both the Committee

on Human Research, Ethics and Publications of the School of Medical Sciences and

The Research Ethics Committee of the London School of Hygiene and Tropical

Medicine.
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2.0 LITERATURE REVIEW

Search strategy

A search of English language literature in electronic databases including Pub Med,
Web of Knowledge, Embase, BIDS, Africa Heathline and the WHO Reproductive
Health Library was conducted, using the key words Trichomonas vaginalis and
trichomoniasis. Access to personal hard copy libraries of my Research Advisory

Panel was granted and searched, and the abstracts of recent meetings of the

International Society for STD Research were also scrutinised.

2.1 Trichomonas vaginalis and Trichomoniasis

2.1.1 The organism

2.1.1.1 History

Trichomonas vaginalis 1s a protozoon parasite found in the urogenital tract. The
organism has been implicated 1n many genitourinary conditions, commonly
including vaginitis in women, and non gonococcal urethritis in men. It 1s one of the
commonest sexually transmitted pathogens worldwide, with an estimated annual
incidence of 170 million cases worldwide '. In 1975, T. vaginalis was estimated to
have caused approximately 3-4 million infections 1n the US and over 1.5 million 1n
Great Britain '°. The epidemiology of the disease is still not well understood and
some practitioners continue to question its importance. There 1s growing evidence
however of its importance in its morbid role 1n conditions such as vaginitis and non
gonococcal urethritis and its likely role in facilitating the transmission of HIV.

T. vaginalis was first described by Donné in a preparation of fresh vaginal exudates
in 1836 . It was long regarded as a harmless inhabitant of the vagina '>*'°. When

Kunstler'® found it in the female urinary tract in 1883 and Marchand '° also from the
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male urinary tract in 1884, its designation as harmless still did not change. In 1916,
Hoehne '’ demonstrated a relationship between T.vaginalis and symptomatic vaginal
discharge. It was not until 24 years later that Trussel and Plass '° fulfilled Koch’s
postulates by transmitting the disease to volunteers by the intravaginal inoculation of

axenic cultures of the organism. This was confirmed 2 years later by Hesseltine and

19
colleagues .

Even with publication of reports of many cases of this organism, clinicians did not
give 1t much significance as they were more interested in the diagnosis and treatment
of gonorrhoea and syphilis. However, by 1950, the significance of sexually

transmitted infections other than gonorrhoea and syphilis had become apparent 20,
and investigators began to view T. vaginalis as important *'. Yet still today, not much
importance has been given to it compared to Neisseria gonorrhoeae and Chlamydia
trachomatis. On today’s market are commercial kits for.the diagnosis of chlamydia
and gonorrhoea based on nucleic acid amplification technology (Polymerase chain
reaction). There is none for 7. vaginalis, the diagnosis of which 1s still based on the
same 1836 wet preparation method of Donné '*. At many conferences on sexually
transmitted infections, delegates fill sessions where new diagnostics tor Chlamydia
trachomatis and N. gonorrhoeae are showcased, while only a handful are seen at
sessions for 7. vaginalis diagnostics. One rapid diagnostic test for 7. vaginalis, the
Kalon TV latex test “* with a purported sensitivity and specificity ot 95 and 97%
respectively, has, since evaluations in the UK in 1988, not seen much routine use and
discussion of it. Why would people want to invest in a test for a disease which to

them is so uncommon and associated with minimal morbidity and sequelae®?
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2.1.1.2 Taxonomy and biology
Together with other human trichomonads described later, 7.vaginalis 1s a member of
the zoomastigophorean order of the phylum Sarcomastigophora and belongs to the

protozoan order Trichomonadida. The order contains more than 100 species most of
which are commensals found in the intestinal tract of mammals and birds. Although

a eukaryote, T.vaginalis has properties similar to bacteria; it lacks mitochondria, 28s

ribosomes and regulated glycolysis. Like higher eukaryotes, it possesses DNA

sequences and peptides related to cell division.

The organism, which 1s flagellated, varies in size and shape, with an average length
of 10um and width of 7um *°. The appearance tends to be more uniform in axenic
cultures 1.e, pear shaped or oval, and it takes an amoeboid shape when attached to
~vaginal epithelial cells “*.

The protozoan possesses 5 tlagellae, four of which are located at its anterior portion.
The fifth 1s incorporated within the undulating membrane of the parasite. The
flagellae and the undulating membrane give the parasite a characteristic quivering
motility *°. The cytoskeleton is composed of tubulin and actin fibres. The nucleus of
the parasite is located at its anterior end, and as 1n other eukaryotes, 1s surrounded by
a porous nuclear membrane. A slender hyaline rod-like structure, the axostyle, runs
from the nucleus and bisects the protozoan horizontally. It protrudes the posterior
end and terminates in a sharp point. The axostyle 1s thought to anchor the parasite to
vaginal epithelial cells.

Glycogen granules can be observed in living cells under light microscopy. These are
catalase negative and produce hydrogenosomes, which are important in metabolism.

The hydrogenosomes generate hydrogen which combines with oxygen to form water,
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thus removing oxygen from the vaginal ecosystem and creating an anaerobic
environment in which 7.vaginalis and other anaerobes thrive.

In keeping with its anaerobic status, 7.vaginalis derives its carbon from the reduction
of glucose and glycogen into succinate, acetate, malate and hydrogen. It also

produces some carbon dioxide, but not through the Krebs’ cycle.

2.1.1.3 Life cycle

T'vaginalis reproduces by mitotic division and longitudinal fission which occurs
every 8-12 hours 1n optimal conditions. The parasite exists only 1n trophozoite form,
lacking a cystic stage 2 Tts life cycle 1s poorly understood. The parasite lives on the
epithelium of the uro-genital tract to which 1t 1s anchored by its axostyle. Infection 1s

usually transmitted by sexual intercourse and continual re-infection of a sexual

partner by an untreated partner 1s common.
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Figure 2.1 Life cycle of T.vaginalis
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2.1.1.4 Pathogenicity

The cell surface of 7.vaginalis plays a major role in adhesion, host-parasite
interaction and nutrient acquisition. Proteins and glycoproteins displayed on its

surface are used for these functions.

The mucous layer of the genital tract is the first host surface encountered by
trichomonads. Mucins, large glycoproteins with sizes between 1-35 x 10° Da, are the
major proteins found in mucus *° Tts size, gel-like property and heavy glycosylation
make mucin a formidable barrier to pathogens colonising the underlying epithelium.
The outcome of the interaction between trichomonad and the host mucous membrane

determines the success or otherwise of 7. vaginalis colonising a host.
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Adhesion of trichomonads to the vaginal epithelial cells 1s critical in the pathogenesis
of the parasite *”**. Adhesion is time, temperature and pH dependent and is mediated
by four adhesion proteins, AP65, AP51, AP33 and AP23 * which act in a specific
ligand-receptor fashion. Trichomonad cysteine proteinase activity 1s also necessary
for adhesion °°. Adhesion proteins are upregulated during times of abundant iron
sources such as during menstruation. Lehker ef a/ °' have suggested that increased
adherence during menstrual flow prevents loss of the parasite. Adherence thus allows

the parasite to persist in the vagina, avoiding the flushing action of mucosal

secretions.

Adhesion is followed by the secretion of mucinases (most of which are cysteine
proteinases) which solubilise the mucous matrix and then detaches the parasite from
‘the mucous layer. Flagella movement of the parasite then allows 1t to penetrate the
solubilised matrix and colonise the underlying epithelial cell i

Thus, adherence, proteinase activity and motility are the major mechanisms

necessary for T.vaginalis to traverse the vagina mucosa and establish pathogenicity.

2.1.1.5 Immune system evasion

Ability of the parasite to evade the immune system 1s important for its survival.
Avoidance of complement is the main strategy used by 7.vaginalis to overcome the
human immune system. 7T.vaginalis activates the alternative complement pathway >

The organism takes advantage of a habitat with very little complement activity such
as cervico-vaginal mucus °*. Menstrual blood is the main source of complement
available to the vagina. Even then, the complement activity of menstrual blood 1s

only about half that of venous blood, and about a third of menstrual blood samples

have no complement activity at all ad Again, iron contributes to complement
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resistance in 7T.vaginalis as resistance to complement is dependent upon a high

3

: : 4 : : :
concentration of iron ~, a nutrient abundant 1n menstrual secretions. Iron seems to

upregulate the expression of cysteine proteinases, which have been found to degrade
the C3 portion of complement on the surface of the organism, allowing it to evade

complement mediated destruction™.

Another means of immune system evasion is the possession of all 7 vaginalis isolates
of the high molecular weight immunogen, P230 on their surface. This immunogen

undergoes conformational changes (epitope phenotypic variation) that allows

evasion ".

Other mechanisms of immune evasion by the trichomonad include degradation of
[gG, IgM, and IgA by cysteine proteinases secreted by the parasite °® the secretion of
large amounts of soluble antigens which may neutralise antibody or cytotoxic T

37

lymphocytes, thus short-circuiting specific anti-T.vaginalis defence mechanisms ',

~and the parasite coating 1tself with host plasma proteins, a form of immunological

mimicry 4

2.1.1.6 Transmission.

Evidence from epidemiological and human inoculation studies indicate that
urogenital trichomoniasis is transmitted almost exclusively by sexual intercourse.

39, 40
, and

There is a high prevalence rate in male sexual partners of infected women
vice versa'” *'. In such cases recurrent trichomonas vaginitis has been cured only
after the parasites had been eradicated from the genital tract of the sexual partner.
The infection has also been seen more frequently in patients attending sexually
43

* : . . . v 42
transmitted diseases (STD) clinics and in commercial sex workers™

Trichomoniasis is also often associated with other STDs ** . T'vaginalis has also
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been isolated almost exclusively from urogenital sites 1.e. vagina, cervix, bladder,
urethra and Bartholin and Skene’s glands in women and the anterior urethra, external
genitalia, prostate, epididymis and semen of men.

Human inoculation studies to fulfil Koch’s postulates were carmed out between
1940-1955. Intravaginal '~ and intraurethral *° inoculations led to infection of 75% of
women and five of five men respectively and none of controls. However, like other
sexually transmitted agents e.g. gonococcus and herpes simplex 2, that can survive
outside the human host, there has been speculation about non sexual transmission
especially in prepubertal girls. Charles *’ reported 27% of girls below 12 years with
leucorrhoea having trichomonas vaginitis. He speculated transmission through
communal use of water tanks and ponds. Adu-Sarkodie *$ also reported infection in a
mother and 3 daughters, speculating transmission through joint family use of bathing
sponge and towel. Recently in a study looking at reasons for the differential spread ot
HIV in different African sub regions, Buve ' and colleagues reported 40% of
adolescent girls in Ndola, Zambia to be infected with T.vaginalis. These girls demed
ever having had sexual intercourse and the authors could not explain this finding by
under-reporting of sexual behaviour by the girls. They suggested that this infection
could be due to intestinal trichomonads (P.hominis), that these faecal trichomonads
could have contaminated the self administered vaginal swabs or that intestinal
trichomonads do really colonise the vagina via the perineum. Even though the
authors dismiss under-reporting of sexual behaviour by these girls, 1t could be so 1n
reality. In many African societies, non consensual sex as in rape or sexual defilement
especially if perpetrated by a family member may be counted as no sex by the
teenagers, to correspond to perceived social norms. Also, sight should not be lost of

problems 1n the reporting of sexual behaviour in adolescent surveys. There 1s
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evidence that the type of question asked and the mode of survey administration (face
to face interviews, paper and pencil self administered interviews or computer assisted

self interviews) significantly affect the responses of adolescents to sensitive

- 49
questions .

Non sexual transmission of T.vaginalis by contaminated douche nozzles, specula and
toilet seats has been speculated *°.

Between 2-17% of female infants born to infected mothers have developed
urogenital trichomoniasis at birth °. In the presence of maternal oestrogens, the
neonatal vaginal epithelium resembles that of the adult and 1s therefore susceptible to
T.vaginalis infection. When the neonate’s vaginal epithelium assumes a prepubertal
state after maternal oestrogens have been metabolised within 3-4 weeks of birth, 1t
becomes relatively resistant to 7.vaginalis infection and there 1s resolution of

13

infection and discharge .

Though there has been no cogent proof of non sexual transmission, the theoretical

possibility exists.

2.2 Epidemiology of Trichomonas vaginalis infection

2.2.1 Introduction

Trichomonas vaginalis (TV) infection has been encountered world wide, in every
climate and with no seasonal variability. It has a cosmopolitan distribution and has
been identified in all racial groups and socioeconomic strata.

Humans are the only natural hosts for T.vaginalis. To perpetuate itself, T.vaginalis
depends on the host for survival. It has no cyst phase and 1s susceptible to desiccation
Y and high temperatures, but can survive for long periods outside conditions of high

humidity. T vaginalis has been isolated from swimming pools, baths, and poorly
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chlorinated water >">*>°. The organism has survived in vaginal exudates at 10°C for

S5

up to 48 hours °*, in voided urine for as long as 3 hours, in semen ejaculates for 6

20, 39

hours > and in 35°C water in wet washcloths for up to 24 hours . About one third

of contaminated washcloths yielded viable organisms after 2 or 3 hours and 10%
even after 24 hours *’. Viable organisms have also been isolated in vaginal exudates
that have been allowed to dry for 3 — 6 hours °>°’. Whittington has suggested that
moisture is essential for the survival of the organism °*. Viability of T.vaginalis has

been preserved 1n Stuart’s transport medium at room temperature for up to 3 days

and at refrigerator temperature for 9 days *°.

40, 58

T'.vaginalis has been found to contaminate toilet seats . In a unique experiment,

Whittington *° found that 11 of 30 (37%) infected women left urine on toilet seats
after use and that 4 (36%) of these samples yielded viable trichomonads. After

seeding toilet seats with trichomonas-laden vaginal exudates, Whittington again

found that the organisms survived from less than 10 minutes to up to 45 minutes *°.

2.2.2 Is trichomoniasis uncommon?

As far back as 1947, Trussel estimated that between 20-25% of the female
population in the US were infected with T.vaginalis > Before that, a study of women
attending a US Naval hospital in 1938 showed that 24.6% had 7. vaginalis “ and
14% of male recruits to the US Army in 1943 were also infected °!. A US vaginal
cytology survey in the 1950s showed infection in 60.9% of black women and 8.1%
of white women °°. An investigation of Pap smears of 38,000 “healthy women” in
the US in the 1960s demonstrated infection in 30.4% black women and 10.7% white

women °%. These studies, predating the introduction of metronidazole to the US in
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1959 and the early 1960s, show unequivocally, the high prevalence of Trichomonas

vaginalis infection in that society then.
The situation mmproved with the introduction of metronidazole. However the

disparity in risk between ethnic groups and people with different socio-economic
standing has continued 1nto the post metronidazole era. While infection was seen 1n

3

0.5% of antenatal clinic attenders in an Australian urban setting *, it was seen in

4

25% indigenous women in rural northern Australia, ®*, and 45% Melanesean women

in Papua New Guinea °> While 0.7% of European men with a urethral discharge 00, 07

had trichomonas urethritis 1in the 1990s, the parasite was reported from 10% of
Melanesean men with urethritis *°. Differential prevalence among black and white
women 1n America still remains, with infection rates of 22.8% compared to 6.1%
‘respectively *. Prevalences of 20-65% in women in various population groups have
been reported from Africa 10 68, 69, 70, 71, 72, 13

Even though these prevalence data cannot be directly compared due 1n part to
different diagnostic methods and inherent biases in all studies, they nevertheless

show unequivocally that Trichomonas vaginalis infection 1s common especially 1n

economically disadvantaged populations in both developed and developing countries.

2.2.3 Epidemiology in women.

Most studies on the distribution of trichomonas vaginitis are biased by the lack of
random sampling and have a bias towards populations likely to be diseased (e.g. STD
clinic attenders) or a convenience population such as antenatal clinic attenders.
Studies also vary in the sensitivity and specificity of testing procedures employed.

2, 63,

Infection rates of 0.5% - 65% 64, 65, 73 have been reported from antenatal clinics,

with the highest prevalence coming from poor under resourced communities.
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High risk sexual behaviour 1.e. high rates ot sexual partner change and/or sex 1n

exchange for money increases the nsk of female acquisition of 7T.vaginalis

69, 74, 75 76

infection . as does low socioeconomic status

. In Cotonou, women who

exchange sex for money have significantly higher prevalence of T.vaginalis infection

than those who do not (18.2% vs. 3%) 10

Trichomomiasis has also been associated with the presence of other sexually

09, 77

transmitted infections (STI) , the likely explanation being confounding by sexual

behaviour. In Yaoundé, Cameroon, infection was significantly associated with
gonorrhoea (p=0.02) while 1n Ndola, Zambia infection was associated with
Chlamydia infection (p=0.02)."

A high prevalence in multiparous women, women married at an early age, and
pregnant women has also been reported ' ’®.

Being from a black ethnic background has also been consistently associated with T.
vaginalis acquisition in the US * with black/white case ratios as high as 8:1 reported.
Some commentators attribute this to confounding by poor socioeconomic

circumstances.

In most studies, the prevalence of trichomoniasis seems to increase with increasing
age, ' 7 with peak rates occurring in women in their thirties and forties %9 This
may not suggest that older women are at any higher risk of disease than younger
ones. It may indicate a disease with a relatively long duration, prone to chronicity,
and not cured by inadvertent antibiotic use.

[t has been postulated that the use of oral contraceptives 1s associated with a
decreased risk of trichomoniasis. In a study of 23,756 patients, the relative nsk of

trichomoniasis for oral contraceptive users compared to non users was 0.49 (95%CI

0.46-0.53) 0 suggesting that non user women are twice more likely to acquire
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T.vaginalis infection than users of oral contraception. This effect has not been seen
with gonorrhoea. The biologic nature of this 1s difficult to explain. It may be due to
confounding by socio-economic standing, in that low contraceptive use is prevalent
In communities of poor socio-economic standing in whom high 7. vaginalis
prevalence 1s also found. Lossick suggests that high levels of oestrogen are not
conducive to T.vaginalis infection °" This view however contrasts the explanation of
transient colonization of infants born to T.vaginalis infected women, that this

transient state 1s due to maternally transferred oestrogens to the infant, and that

colonisation is lost after degradation of the hormone in the infant '°.

2.2.4 Epidemiology in men.

Just like trichomonal vaginitis in women, prevalence studies in men suffer from
biases of patient selection and diagnostic methods. . Trichomonas infections are also
not routinely diagnosed in men because of the apparent limited ability of traditional
tests 1€ wet prep and culture to detect the organism 1n the male genital tract.
Prevalences of 3-18% have been reported 1in various populations of men around the

82, 83, 84,
d

worl 85 The highest reported prevalence has been 68% in men in Chile *°,

and the lowest, 1% among men 1n Seattle o

In a population based study of men aged 15-54 years from Tanzania, Watson-Jones
et al reported a prevalence of 11% using direct microscopy and culture 58, Using a
combination of culture and the polymerase chain reaction (PCR), Hobbs and
colleagues reported a prevalence of 17% 1n men attending a sexually transmitted
diseases clinic in Malawi *. In determining the aetiologic role of pathogens other than

N.gonorrhoeae and C. trachomatis in urethral discharges among men from West
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Africa, Pépin et al found T.vaginalis 1n 13.4% of subjects as against 13.8% and 10%
of N.gonorrhoeae and C.trachomatis respectively °°.

Krieger *°, studying 447 men at risk of sexually transmitted diseases, found a
prevalence of 6% for T.vaginalis infection. In these men, risk factors significantly
associated with infection were sexual exposure to a woman with trichomoniasis

(odds ratio 3.7, 95%CI 1.9-7.4), and a history of previous treatment for

trichomoniasis or urethritis (odds ratio 3.1, 95%CI 1.4-6.9).

The importance of I'vaginalis as a cause of genitourinary syndromes in men has
been the source of controversy. Investigators interested in sexually transmitted
diseases 1n women, especially in the US, believe that asymptomatic transmission is
the rule for men infected with T.vaginalis ®'. In contrast, European investigators have
found that 7. vaginalis infection in men is a major.cause of morbidity °' Clinical
conditions 1n men that have been associated with trichomoniasis include non
gonococcal urethritis, prostatitis, balanoposthitis, epididymitis and infertility. The
strongest epidemiologic association 1s between T.vaginalis and non gonococcal
urethritis.

Though studies have demonstrated an aetiological link between 7.vaginalis and non
gonococcal urethritis, the precise proportion of cases of non gonococcal urethritis
attributable to trichomoniasis has not been established. This may vary in different
populations and also with different diagnostic tests. Whilst Bakare er al/ found
T.vaginalis in 18 out of 215 men (8%) with non gonococcal urethritis in Nigeria

using wet prep and culture **, Schwebke ez al found infection in 19.9% of American

men with non gonococcal urethritis, using PCR >
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2.2.5 Partner Infection studies

Rates of partner infection in men are different from that in women. While most
female sexual partners of infected men are infected with trichomoniasis (67-100%)
-9 investigators have reported only 14-60% °% 3% %949 infection of male partners
of women with trichomoniasis. The low infection rate in men may be due to
transmission 1nefficiency from female to male, poor sensitivities of current TV
diagnostics 1mn men, or spontaneous resolution of infection in the male ’* Some
authors have ascribed spontaneous resolution in men to be the result of the constant
washing action of the urethra by urine and the anti-trichominicidal property of zinc
found in prostatic secretions “°.

In summary, the epidemiology of trichomoniasis 1s characteristic of a sexually
transmitted infection. The infective dose of the organism-in women appears smali,
and the incidence rate i1s high. Asymptomatic disease 1s common 1n both sexes and

~almost the rule 1n men. The infection also resolves spontaneously in some men.

Trichomoniasis shares many of the risk factors of the other sexually transmitted

infections, but also differs 1in other respects.

2.3 Clinical features of 7. vaginalis infection

2.3.1 Is T. vaginalis infection clinically trivial?

The symptoms of trichomonas vaginitis are troubling. Before the era of
metronidazole, women were subjected to prolonged and often unpleasant treatment
courses, some of which were quite toxic ’! Their willingness to undergo these
treatments suggests the degree of discomfort associated with infection. Again,
because most of the treatments at that time were topical and administered by

physicians, most of whom were men, women must have sutfered the indignity of
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exposing themselves for such treatments, which they did because they needed relief
from the distress of the vaginitis.

Keighley, reminiscing over the huge success of oral metronidazole in the treatment
ot female trichomoniasis after 10 years of use, said, “it is good to pause and
contemplate the change that oral medication for trichomonal vaginitis has made in
women’s lives. Flagyl 1s now taken as a matter of course and a whole generation has
no knowledge of the suffering of women with trichomoniasis before its introduction
— the indignities and discomfort of the perpetual local treatments, douches, paintings,
insuttlations and insertion of pessaries. All these things women suffered for months

and sometimes years on end, only to relapse when the treatment was discontinued *° .

2.3.2 Clinical presentation and disease in women.

Although many studies have looked at the epidemiology and clinical disease of
human urogenital trichomoniasis, most of these concern various aspects of the
disease in women.*” °”> '%°. Possible explanations can be deduced. Trichomoniasis in
women 1s associated with well described clinical syndromes, considerable morbidity,
and standard diagnostic algorithms '°" %> '%°_ In contrast, trichomoniasis in men is
associated with poorly delineated clinical syndromes, uncertain morbidity and there
is no familiar algorithm with respect to its diagnosis. The presentation of
trichomoniasis in females is considered in many clinical textbooks, unlike that of
men. It is not surprising that medical disciplines outside the practice of specialist
Genitourinary medicine and Urology do not consider male trichomoniasis a clinical
entity.

Trichomonas vaginalis principally infects squamous epithelium 1n the genital tract

'0% In the adult the ectocervix is much more affected and disease is rarely reported
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from the endocervix. Trichomonads have been recovered from the urethra and

20, 40

Skene’s glands in 90% of infected women . Infection at these sites may cause

dysuria or discharge from the urethra or Skene’s ducts.

The spectrum of infection ranges from the asymptomatic carrier state to flond
vaginitis. Factors responsible for this are not clear but could include differences 1n
intrinsic virulence of individual strains and individual host susceptibility. Clinical
evidence for the latter includes the observation that even among infected female
sexual partners of an individual man, the spectrum of disease ranges from mild to
severe. Since these epidemiologically linked women are most likely infected with the
same strain of trichomonad, differences in clinical expression 1s probably related to
host factors.

About 9-56% % >% 191919 of trichomonal infections in women are asymptomatic
in various population groups. 75% women in Zimbabwe dented any symptoms on
questioning, out of which 16% had trichomoniasis 100

A third of asymptomatic women have been observed to become symptomatic within
6 months !°’. However, one cannot discount re-infection or the probable co-infection

with a more virulent strain after initial infection with a less virulent strain. A number

of studies have reported exacerbation of trichomoniasis symptoms during or

20, 50,
d

immediately after a menstrual perio 19 This could be due to the presence of

iron in menstrual blood. Iron upregulates the virulence of T.vaginalis 31.

The incubation period for trichomonal vaginitis has been estimated to range between
3-28 days 20, 50 199 " yaginal discharge and vulvo-vaginal irritation are the most
common complaints. Discharge is described by 50-75% of symptomatic women 101,

107, 110 A gstudy in 200 symptomatic Nigerian women demonstrated 74% had

T.vaginalis 1nfection " The discharge is perceived as malodorous by only about
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10% of infected women ' ''“. Vulvovaginal irritation which can be severe enough

to awaken the patient at night is noted in a quarter to a fifth of women ' 1% 113 114

110

Up to a fifth of women report some degree of dyspareunia ', and lower abdominal

65, 113 115, 116, 117

pain by only 5-12% . Dysurna 1s described by about 30% of patients

There 1s no evidence that trichomoniasis is more symptomatic in pregnancy or

among users of oral contraceptives °0, 11>, 121

Pastorek and colleagues ''° studied over 13,000 pregnant women 1 the US and
reported that clinical findings significantly associated with T.vaginalis infection were
a yellow, green or bloody vaginal discharge, abnormal odour, a vaginal pH>S5,
increased amount of discharge, and abnormal consistency of the discharge. However
the clinical usefulness of these features either alone or in combination were minimal
in the prediction of infection, not having sufficient sensitivity and specificity. In
Cameroon, a chinician’s ability to predict vaginal infection with 7.vaginalis based
119

solely on clinical grounds was shown to have a positive predictive value of 42%

Serbian researchers have also reported poor correlation between clinical features and

: : : : 120
diagnosis of infection .

Cervical pathology in the form of colpitis macularis or strawberry cervix results from

microscopic punctate haemorrhages of the cervix. T.vaginalis has been significantly

associated with this clinical finding ''*

2.3.3 Clinical presentation and disease in men.

Clinical presentation of trichomoniasis in men has been described in many studies.
These studies have been conducted in sexual partners of intected women and men
presenting genitourinary tract complaints. The majority of sexual contacts of infected

20, 84, 112

women are asymptomatic . Among 23 East African men with trichomoniasis,
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19 were asymptomatic '*°. Jirovic and Petru comment that “in the male, infection is
mostly latent or persists in subclinical form *°”.
The incubation period of trichomonal urethritis has been reported severally to be

94,127

between 3-8 days . Much wider vanability however, has been reported by Czech

researchers, according to whom this varies from 1 day to 3 months '’

Clinical symptomatology of infected men varies widely. Weston and Nicol 7
evaluated 93 men with trichomoniasis — 52% had obvious urethral discharge, 26%

complained of dysuria, and 5% noted increased urinary frequency, while 21% had no

symptoms. Wisdom and Dunlop '*°

described 92 men with symptomatic
trichomoniasis. Urethral discharge was found commonly 1n 64%, urethral irritation in
62%, urethral pain 1n 24%, increased urinary frequency in 5%, lower abdominal pain
in 4% and balanoposthitis in 3%. Only 7% of the 92 cases had evidence of prostatitis.
Catterall '“’ described clinical findings in 108 symptomatic men out of 126 with
- trichomoniasis. 83% complained of urethral discharge, 26 (24%) noted urethral
irritation, 14% had dysuna, 4 (4%) experienced increased urinary frequency, 3%
noted haematuria, and 1% had epididymitis. Clearly in all these cases urethritis was
the predominant syndrome. Kuberski, in contrast, found that majority of his patients

(77% of 26 men) with trichomoniasis had clinical evidence ot prostatitis %

2.3.3.1 Spontaneous resolution of male urethral trichomoniasis

Spontaneous resolution of male trichomonal urethritis has been reported by several
investigators, with the most convincing work coming from Weston and Nicol .
(Table 2.1). They investigated the prevalence of trichomoniasis among male sexual
partners of infected women as a function of the interval between last sexual exposure

and examination. When the interval between examination and exposure was 2 days,
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T.vaginalis was found in 70% of patients. After 2 weeks, infection could be
1dentified in only 30%. Beyond this period, it became difficult to evaluate the
presence of T.vaginalis as the numbers of patients examined became small. Other

workers suggest however that spontaneous resolution of untreated 7.vaginalis in men

| 1% stated that “chronic infection of the

1s highly unusual. In this wise, Coutts et a
male genitourinary tract is very common”. Watt and Jennison >* found that 13 of 15
men with 7.vaginalis were still infected after 2 weeks, but these men were apparently
not instructed to refrain from sexual intercourse with their infected partners. In an
accident of history, Catterall '2% treated 12 men who had urethral trichomoniasis with
oxytetracycline (known to be totally ineffective today) for 5 days. Follow up after 3
months showed that 10 patients (83%) still harboured the protozoa. Similar findings
have been reported by Whittington * and other Eastern European workers *.

Not many studies have utilised semen as source material for TV diagnosis in men.
The above studies utilised urine and/or urethral swab samples from the men. In a
recent study using semen as diagnostic material, 75% male sexual partners of
infected women have been reported to be concurrently infected. This may indicate

344

the superiority of the use of seminal fluid in the diagnosis of TV infection in men ="

The long term consequences of untreated trichomoniasis in men are not known.
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Table 2.1. Prevalence of urogenital trichomoniasis among male sexual partners of

infected women (data from Weston and Nicol 94)

Interval between  last I T.vaginalis ' Prevalence (%)
sexual  exposure  and | identified/contacts
evaluation (days) | examined
2 16/23 70
4 16/29 >
6 7727 26
3 10/25 40
10 8/21 38
14 9/30 30
20 8/15 53
30 3/13 23
40 1/4 -
50 2/2 -
60 1/ 4 -
60+ 7/8 -
Unknown 7/8 -
Total 93/207 Mean 45

2.4 Sequelae of infection with 7. vaginalis.

Compared to infection with N.gonorrhoeae and C.trachomatis, many clinicians have
considered infection with 7.vaginalis to be without sequelae and less of a public
health problem, but merely a nuisance to the sufferers. However recent data on the
association of Trichomonas vaginalis and premature labour and low birth weight and
its facilitation of HIV transmission may question this.

The Vaginal Infections in Prematurity (VIP) study in the US found that infection
with 7. vaginalis was associated with a modest increase in the risk of premature
labour (relative risk 1.3) *_ Though this may be of minor importance in populations at
low risk of T.vaginalis infection, the attributable risk could be substantial in endemic
populations, such as Africa. In the VIP study cited, the attributable risk of T.
vaginalis infection associated with low birth weight was 1.5% in white populations,
but 11% amongst black women. The VIP study * also found that Trichomonas

vaginalis infection 1n pregnancy was significantly associated with preterm delivery
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of a low birth weight infant (Odds ratio, 1.3). Unfortunately recent trials have found

that the treatment of T.vaginalis infection 1n pregnancy does not improve pregnancy

131

outcome and may be harmful ° '** '*° In one of the studies '*', as much as 8g

metronidazole (recommended dose 2g) was given to the women. Probable toxicity

from this could be responsible for the excess adverse pregnancy events in the women

who took the drug.

In addition to 1ts role in adverse pregnancy outcomes, 7. vaginalis has been

associated with endometritis, infertility, ectopic pregnancy, and non human

134 135, 136,

papillomavirus (HPV) associated cervical neoplasia >’ Tt has also been

linked to respiratory disease among infants delivered vaginally to infected mothers

138

In men, an association between TI.vaginalis and epididymitis, prostatitis, and
infertility has been reported “' '~ . 140

Most of the studies on the HIV /STI co-factor link have looked at genitoulcerative
conditions and bacterial inflammation STI such as, gonorrhoea and chlamydia
infection. Only a few studies have specifically looked at T'vaginalis and HIV. These

have shown an association between trichomoniasis and HIV 1nfection, suggesting a

3, 141, 142 A

two to three fold increase in HIV transmission cross sectional study

conducted among 1209 female sex workers in Cote d’Ivoire found an association

between HIV and trichomonas infection in bivariate analysis (crude odds ratio 1.8,

141

95% CI 1.3-2.7) *". In another cross sectional study in Tanzama, among 359 women

admitted to a hospital for gynaecological complamnts, IV was more common in
women with HIV infection in multivariate analysis (odds ratio 2.96, 95% CI not
provided, p<0.001). While these cross sectional studies are limited by temporal

ambiguity, i.e. lack on information on whether TV infection preceded HIV, one
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prospective study by Laga et al, reinforced such findings. In this study in which 431
HIV negative female sex workers in Zaire were evaluated over time, prior TV
infection was associated with almost a 2 fold increased rate of HIV seroconversion in

multivariate analysis even though this was of borderline significance °. Sorvillo and
Kerndt '* '** have pointed out that even a modest increase will translate into an

attributable fraction for HIV of nearly 20% in areas where the prevalence of T

vaginalis infection 1s 25%. The prevalence of gonorrhoea and chlamydia infection in
many African countries 1s low compared to trichomoniasis. In the Rakai study of
mass STD treatment to reduce HIV incidence, the prevalence of gonorrhoea and

chlamydia infection was 2.1% and 4.0% respectively in a subgroup of the study

1435

population . In the Mwanza survey, the prevalences were 2.2% and 0.7%

respectively ' *°. The attributable fraction of HIV cases caused by N.gonorrhoeae and
C.trachomatis 1n these populations will therefore be small, even though the relative
risk of transmission to the individual may be substantial. T vaginalis prevalence 1s
however consistently higher on the continent with reports of 24% in Uganda. It 1s
thus possible that the control of 7. vaginalis could be effective in reducing the
incidence of HIV.

Hobbs et al * report finding a 6 fold concentration of HIV in the semen of men
symptomatic for 7. vaginalis infection. They did n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>