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Abstract: Trichomonosis is the vaginitis caused by the sexually transmitted protist,
Trichomonas vaginalis. Infection of women, in contrast to men, by this flagellated
protozoan is non-self-limiting and requires detection for elimination by drug therapy.
Diagnosis of infected women is complicated by the wide variations in symptomatology. The
parasite survives in the constantly changing and adverse environment of the female
urogenital tract. Several mechanisms (Table 1) are employed by 7. vaginalis to achieve
successful host parasitism. The acquisition of nutrients from mucosal secretions or from
hemolysis and cytotoxicity overcomes the immediate nutritional immunity imposed by the
new environment. Recognition and binding to vaginal epithelial cells by adhesins that
resemble metabolic enzymes is a step preparatory to infection. The evasion of immune
responses, which can be trichomonacidal, is accomplished through masking of organisms
by host proteins, shedding of trichomonad proteins into the secretions, and degradation of
all immunoglobulin subclasses and complement. Parasites undergo phenotypic variation
between surface and cytoplasmic expression of a repertoire of immunogenic proteins to
which antibody is directed. Moreover, the expression of virulence genes is under the
control of parasite and host environmental factors.

CLINICAL ASPECTS OF TRICHOMONADS.

This brief section on clinical aspects of trichomonosis (this term now replaces trichomoniasis
[1]) will highlight areas in which there is general appreciation regarding the complexity and
multifactorial nature of the symptoms. Trichomonosis is now the number one, non-viral sexually
transmitted disease worldwide [2]. Infection with Trichomonas vaginalis has major health
consequences for women, including predisposition to HIV [3, 4], association with cervical
cancer [5], and complications of pregnancy [6]. The vaginal epithelium is the primary site of
infection. A hallmark and complication among patients with trichomonosis is the wide variations
in symptomatology. While some patients are characterized as asymptomatic because of their
individual perceptions, women with vaginitis experience a yellow-green discharge due to a
leukocytic infiltration, abdominal pain, irritation, and discomfort [7-9]. The nature of the
discharge is different from that seen for candidiasis and bacterial vaginosis [7]. The vagina and
cervix of patients with trichomonosis may be erythematous and edematous, with general erosion
of the cervical epithelium and punctate hemorrahages on the cervical wall termed “colpitis
macularis” or “strawberry cervix” [7, 10]. Although present in only a few (2% to 5%) women,
the strawberry cervix is nonetheless highly specific for trichomonosis [10]. Sharp abdominal
pain documented among patients with trichomonosis may be indicative of infection in the upper
urogenital region, possibly involving regional lymphadenopathy and salpingitis [11].

In contrast to women, men become infected following recent contact with an infected partner
but, for unknown reasons, have a self-limiting infection [12]. Nongonococcal nonchlamydial
urethritis, which disappears after treatment, is found among men infected with 7. vaginalis [7,
13]. The presence of trichomonads in the prostate gland in men with trichomonosis has been
reported. However, the role of infection in prostatis and/or in infertility or numerous other
reported sequelae is unclear [7, 11].

OVERCOMING NUTRITIONAL IMMUNITY
The vagina is one of the most complex sites of infection for a mucosal pathogen. This host
environment is constantly changing under the influence of the menstrual cycle. It is a nutrient-



limiting site that cannot promote the 4 to 6 hour generation time seen during in vitro growth of
habituated parasites in a serum-based, trypticase and yeast extract complex medium [15]. It has
been established that trichomonads survive a severe nutrient-limiting environment with a
generation time of 150 hours [16], something approaching the in vivo situation. Importantly, how
expression of virulence factors is affected by this extended generation time must be examined in
comparison to the shorts times of batch culture. Infecting organisms are capable of being coated
with host macromolecules [17], some of which contribute to the obligate nutritional requirements
of the trichomonads and, therefore, pathogenicity. The lack of enzymes for synthesis of lipids or
conversion and retroconversion of lipids [18] is overcome through receptor-mediated binding
and uptake of lipoproteins found in serum or vaginal secretions [20] and of specific
hemagglutination [19] followed by protease-mediate hemolysis [20, 21].

T. vaginalis requires high amounts of iron for optimal growth and multiplication [22] and for
up-regulation of virulence genes [23, 24]. The association of iron within iron-binding and iron-
containing proteins, some of which are under the control of the menstrual cycle [25], imposes a
nutritional immunity upon these parasites, which is only partially overcome through binding of
lactoferrin by the trichomonal receptor and removal of iron [24]. That hemolysis [20, 21] and
cytotoxicity [26, 27] stimulate growth of 7. vaginalis under iron-restrictive environments [24]
indicates that intracellular iron sources such as cytochromes, ferritin and hemoglobin (heme)
may also be iron sources. Such multiple iron-acquisition systems appear prerequisite for
successful host parasitism and pathogenesis.

INTERACTIONS BETWEEN TRICHOMONADS WITH HOST CELLS AND TISSUES

T. vaginalis trophozoites recognize and bind (cytoadhere) epithelial cells preferentially using
host cells in monolayer cultures as model systems [7, 9, 26-28]. Isolation of squamous vaginal
epithelial cells (VECs) and intermediate epithelial and parabasal cells demonstrated the ability of
trichomonads to readily cytoadhere to VECs [29]. The VECs are terminally differentiated cells
under the control of hormones, and the normal desquamation of cells illustrates the dynamic
nature of cytoadherence during the menstrual cycle. The complexity of VEC cytoadherence by
trichomonads is evident by the signaling for dramatic morphologic transformation [30] that
occurs within minutes after attachment (Fig. 1b); HeLa epithelial cells on monolayers, showing
specificity in the signaling process, give no similar signal (Fig. 1a). Optimal cytoadherence
requires the activity of cysteine proteinases that acts uniquely on the parasite surface in an
unknown fashion [31]. Two cysteine proteinases that bind to epithelial cells and whose activity
correlates with cytoadherence and cytotoxicity [32] appear to be involved in this complex
sequence of events.

Receptor-ligand-type interactions are involved between trichomonads and epithelial cells
[28-30]. The surface structures on VECs recognized by 7. vaginalis organisms are unknown,
although trichomonads possess surface laminin-binding proteins [33]. While laminin is not found
on VECs, this finding may be relevant to parasite associations with basement membrane sites.
Four trichomonad surface proteins have been identified as mediating cytoadherence [28]. The
synthesis of the four adhesins was coordinately up-regulated by binding to epithelial cells [30]
and by iron [23]. The increased amounts of adhesins were localized to the surface adjacent to the
VEC surface [30]. Interestingly, only fresh clinical isolates, but not long-term-grown cultures,
synthesized greater amounts of adhesins in response to iron [23]. It is likely that signaling for



increased synthesis of adhesins following contact with VECs utilizes pools of iron within
trichomonads [24]. Contact-dependent cytotoxicity mediated by cysteine proteinases [26, 27, 32]
of VECs and surface acquisition of iron-binding and iron-containing proteins as summarized
above represent a part of the nutrient-acquisition pathways of 7. vaginalis.

More recent work reveals that three of the four adhesins studied to date are each members of
multi-gene families [34-36], and sequence analyses at both the nucleotide and amino acid levels
revealed structural molecular mimicry of adhesins with known metabolic enzymes [37]. Analysis
of the receptor-binding epitope for the adhesin AP33 identified the 24-amino acid binding
domain with the ability to inhibit parasite associations with host cells [38]. It was noteworthy
that purified enzymes with identity to the adhesins were incapable of inhibiting binding of the
recombinant and natural adhesins to host cell surfaces nor of preventing trichomonal
cytoadherence [34-38]. There is now a growing body of evidence for enzymes on the surface of
microbial pathogens, as summarized previously [34-38], where the enzymes act as binding
proteins for host ligands and adhesins for host cells.

Finally, it is reasonable to hypothesize that the non-self-limiting nature of trichomonosis
cannot be solely explained by cytoadherence to VECs. Erosion of the vaginal epithelium as seen
for colpitis macularis [7, 8, 10, 11] may allow access of parasites to the basement membrane and
accompanying complex structures. Interestingly, the reports on the specific binding by
T'.vaginalis organisms to fibronectin [16] and laminin [33] may reflect associations with
basement membrane sites. Future studies on the parasite ligands that bind these and other
basement membrane components will clarify whether host parasitism involves sequential
cytoadherence and association with basement membrane sites made available during infection.

EVADING TRICHOMONACIDAL IMMUNE RESPONSES

Cellular and humoral immune responses are evident in patients with trichomonosis [7-11].
The host is not protected against repeated infections with 7. vaginalis, which are common, and
treatment of previous trichomonosis appears a risk factor for a current infection. Although not
found in all patients with trichomonosis, increased numbers of polymorphonuclear leukocytes
can be readily detected in secretions. Interestingly, while both leukocytes and macrophages in
addition to antibody and complement can eliminate parasites, it is clear that 7. vaginalis has
effectively neutralized the host immune surveillance system. Further, hydrogen peroxide-
producing lactobacilli are considered protective normal vaginal flora [39].

As mentioned earlier, the parasite surface can be coated with host proteins found in vaginal
secretions [16] leading to non-recognition by immune mechanisms. Shedding of large amounts
of immunogens under conditions that do not result in lysis of trichomonads during growth and
multiplication [40] represents a mechanism by which antibody and other immune effector
molecules are neutralized. Analysis of vaginal secretions from patients revealed numerous
trichomonad immunogens readily detectable by sera of patients and polyclonal rabbit anti-T.
vaginalis serum, regardless whether immunogens are shed or are the result of lysis of parasites.

The numerous cysteine proteinases synthesized by 7. vaginalis [41, 42] contribute
significantly to immune evasion and pathogenesis. The cysteine proteinases are cytotoxic [26,
27, 31, 32] and hemolytic [20, 21]) and degrade basement membranes [43]. All subclasses of



immunoglobulins are susceptible to the trichomonad cysteine proteinases [43]. The numerous
proteinases of 7. vaginalis bathing the female urogenital environment is significant as evidenced
by proteinases activity in vaginal secretions of patients but not in control, uninfected women or
in women with sexually transmitted diseases other than trichomonosis [44]. Both vaginal
secretions and sera of patients had detectable antibody to the numerous cysteine proteinases [45].
It is noteworthy that prior attempts by numerous laboratories to characterize accurately the
vaginal antibody response may not have been successful because of the degradation of antibodies
by the trichomonad proteinases. Future vaccines to protect mucosal surfaces must take into
account the presence of the numerous parasite proteinases during trichomonosis.

Batch cultures and fresh clinical isolates of 7. vaginalis organisms are readily killed by the
alternative complement pathway [7, 46] yet survive during menstruation when complement in
blood is available [46]. Parasites are resistant to lysis by the action of at least one cysteine
proteinase induced by high iron growth conditions. The proteinase degrades C3 deposited on 7.
vaginalis surfaces [47]. This finding further shows the regulation of expression of proteinases by
environmental factors, such as iron, and is consistent with the differential expression of activity
among fresh clinical isolates examined immediately after purification from patients [42]. In vitro
cultivation of 7. vaginalis for assessing specific properties, such as resistance to complement or
cytoadherence, may be problematic if the growth medium lacks environmental factors that
regulate expression of virulence factors responsible for those properties.

The in vivo synthesis of the proteinases [42] must be controlled by environmental factors,
such as iron [47], so as to modulate the number and amount of proteinases required at the
particular site of infection at that time. Otherwise, uncontrolled synthesis of proteinases may
produce unwanted cytopathology that would lead to host responses that could eradicate the
parasite. Host reducing levels also regulate in vivo the activity of the trichomonad proteinases
[48]. In contrast to the large amounts of a reducing agent (1 mM dithiothreitol) used to examine
experimentally the activity of cysteine proteinases [41-44], the reducing environment of the
vagina of patients with trichomonosis ranged from <10 uM to 40 uM [48], a range that produced
differential and quantitatively distinct activation of proteinases. Lastly, hydrogen peroxide
readily neutralizes the cysteine proteinases [48], showing the protective effect of lactobacilli
normal flora [39]. However, displacement of the lactobacilli immediately following infection
with 7. vaginalis, possibly through internalization and degradation by proteinases, subverts this
host protective effect.

The findings on the reducing level in vaginal secretions are of fundamental importance to
understanding fully the contribution of the numerous cysteine proteinases of 7. vaginalis to
virulence and pathogenesis. Among the questions that require attention are: What is the level of
reducing power during the course of the menstrual cycle and are certain times during the cycle
more favorable to activation of proteinases? Is there a difference in reducing levels among ethnic
groups, explaining the higher rates of trichomonosis among African American women, for
example [49]? Do certain behaviors, such as smoking, that correlate with higher rates of
trichomonosis [49] alter the vaginal reducing environment in favor of proteinase activation? Is
symptomatology related to the amounts and activation of proteinases by the vaginal reducing
environment? Is the self limiting nature of trichomonosis in males a function of the relative
absence of a reducing environment?



PHENOTYPIC VARIATION AND dsRNA VIRUS DEFINE TWO TYPES OF T. vaginalis
ISOLATES
Phenotypic variation for 7. vaginalis was defined on the basis of surface versus cytoplasmic

expression of a repertoire of high M; immunogens [50, 51]. This discovery resulted from
experiments aimed at understanding the reported extensive antigenic heterogeneity among 7.
vaginalis isolates [7, 9]. To understand the antigenic heterogeneity among trichomonal isolates, a
library of monoclonal antibodies (mAbs) was generated. One mAb, called C20A3, recognized a
highly immunogenic 270,000 dalton (270-kDa) protein (P270). Analyses by flow
cytofluorometry and fluorescence-activated cell sorting of fresh clinical isolates gave patterns of
fluorescence similar to that reported among isolates using polyclonal antiserum of animals
immunized with parasites or with sera from patients with trichomonosis. It became evident from
fluorescence experiments that two types of isolates occur naturally during infections with T.
vaginalis [50-51; Table 2]. Type I isolates were comprised of homogeneous populations of non-
fluorescent trichomonads that synthesize and express P270 only in the cytoplasm. In contrast,
Type Il isolates were heterogeneous with subpopulations of both fluorescent and non-fluorescent
parasites. Sorting of fluorescent and non-fluorescent trichomonads of Type II isolates with
C20A3 demonstrated that each purified subpopulation reverted to the opposite phenotype. This
demonstrated the property of phenotypic variation for the Type II trichomonads [50, 51]. There
is an equal distribution between Type I and Type Il isolates based on examination of over 1,000
isolates from throughout the world. It was further demonstrated that both murine mAb and
polyclonal antibody from patients reactive with P270 was lytic for trichomonads with surface
P270 in a complement-independent fashion. Among infecting phenotypically varying isolates,
<10 % of the trichomonads expressed P270 on the surface [51], suggesting the host environment
either eliminates parasites with surface P270 or favors cytoplasmic expression.

The identification of the double-stranded (ds)-RNA virus within 7. vaginalis organisms
established a relationship between virus infection and phenotypic variation [52]. Loss of virus
from parental Type II isolate organisms by batch culture [7, 9, 53] produced virus-minus progeny
identical to Type I virus-minus isolate parasites. The virus is multi-segmented, possessing a
tripartite dSRNA genome [53]. A family of small-sized satellite dSRNAs that reside within the
virus-infected trichomonads shows the complexity of the virus-parasite relationship.

The p270 gene for the representative phenotypically varying 7. vaginalis isolate TO68-II has
been sequenced [54]. This p270 gene has a 333-bp unit tandemly repeated at least 18 times, as
suggested by earlier reports [7, 9], within which is the DREGRD epitope recognized by the
C20A3 mAD [50, 54]. The non-repeat coding regions for the 5'- and 3'-ends were 69 nucleotides
(23 amino acids) and 1183 nucleotides (395 amino acids), respectively. This single copy gene
was up-regulated by low iron conditions, which paralleled surface expression of P270 for these
virus-harboring, phenotypically varying isolates (Fig. 2). Growth of virus-minus isolate parasites
under similar low iron conditions also increased amounts of p270 transcripts but did not promote
surface expression of P270, strongly suggesting that the virus contributes regulatory factors that
allow for mobilization of P270 onto the trichomonad surface.



PARASITE AND HOST FACTORS INFLUENCE EXPRESSION OF TRICHOMONAD
GENES AND ANTIGENIC HETEROGENEITY

Although the mechanism(s) by which the virus confers the ability to surface express P270
remains unknown, it is conceivable that the dsSRNA virus encodes regulatory proteins that affect
expression of trichomonad genes. In addition to undergoing phenotypic variation, Type II
organisms synthesize by at least two orders of magnitude greater amounts of P270 than do virus-
minus Type I isolates or virus-minus progeny derived from virus-infected parental isolates.
Moreover, it has been established that the dsRNA virus influences growth kinetics and
expression of proteins of virus-infected 7. vaginalis isolates [55]. Furthermore, high resolution
two-dimensional electrophoretic analyses of total proteins revealed that numerous (forty-seven)
proteins were specifically expressed for a virus-positive isolate when compared to its virus-
minus progeny counterpart. Almost an equal number (forty-one) of different proteins were
expressed in the corresponding virus-minus progeny when compared to the virus-positive
parental parasites. Equally noteworthy, qualitatively and quantitatively dissimilar cysteine
proteinase patterns were seen between virus-positive isolates and virus-minus progeny
organisms. Clearly, there is a strong association between virus infection and the presence and
absence of parasite proteins that may be important in virulence and pathogenesis.

Iron is required for growth and multiplication of 7. vaginalis [22]. The nutritional immunity
imposed by the host would be impossible to overcome if trichomonads relied solely on the
interaction of lactoferrin with its trichomonad receptor [24]. Given the established role of iron in
regulating growth kinetics and expression of receptors for iron-binding and iron-containing
proteins, adhesins, cysteine proteinases, and immunogens [15, 23, 24, 43], it is not surprising that
trichomonads acquire iron from multiple sources. Iron and the dsRNA virus promote surface
expression of P270. Low-iron-grown, virus-harboring parasites uniformly express P270 on the
surface (Fig. 1), which is readily reversed by addition of iron, an environment that in turn favors
synthesis and surface expression of adhesins. Thus, for Type II isolates, intracellular levels of
iron mediates synthesis and/or alternating expression of at least to groups of proteins on the
surface of trichomonads. In addition to specific host factors, such as iron, the growth rate of
parasites determined by nutrient limitation and pH values consistent with environments of the
vagina influence the overall protein composition of trichomonads [15]. Under steady-state
conditions, dramatic qualitative and quantitative differences were observed in proteins when
parasites were grown at various nutrient limitation environments and pH values found in the
vagina of patients.

It is significant that sera patients with trichomonosis has antibodies to both low-iron and
high-iron-induced trichomonad immunogens, showing that the parasite responds to a changing
host environment [24]. This fact alone highlights the incredibly complex nature of the T.
vaginalis—host interaction. It is clear that subpopulations of trichomonads express high- or low-
iron-regulated proteins depending on the iron status of micro-environments within the vagina. It
is striking that individual patients responded only to subsets of the iron-regulated proteins [24],
indicating that gradients of iron concentrations within host sites affects induction of particular
immunogen genes.

An extensive literature exists on the antigenic heterogeneity among 7. vaginalis isolates. The
discovery of the general property of phenotypic variation was originally defined on the basis of



surface expression and/or synthesis of repertoires of immunogens [24, 50-51]. It is now accepted
that phenotypic variation by trichomonads is a response to specific parasite and environmental
factors. This property now includes iron-regulated proteins [24], viral induced and repressed
proteins [55], erythrocyte-binding proteins and hemolysins [7, 20], proteinases [20, 42-44, 48],
adhesins [23, 34-36], among other environmentally-regulated trichomonad proteins, contribute to
this parasite’s overall antigenic diversity and complexity. Antibody responses among patients
with trichomonosis is toward proteins that are differentially expressed depending on the specific
host micro-environment(s). Therefore, populations of 7. vaginalis organisms from fresh clinical
isolates likely comprise a heterogeneous population, in which no two parasites are identical in
the context of the numerous phenotypes just described. This heterogeneity among infecting
parasites guarantees some parasites will successfully infect a host. The ability to generate such a
heterogeneous population will further assure survival in a constantly changing host vaginal
environment.

SUMMARY OVERVIEW OF THEMES

Trichomonas vaginalis is a survivor. Despite its limited genome, it is highly sophisticated in
taking advantage of its unique infecting niche. While much more remains to be learned regarding
virulence factors that contribute to this parasite’s ability to establish a non-self limiting infection,
important themes have emerged (Table 1). Of special significance is the inter-relatedness
between the themes, as has been evident throughout this review. Early studies demonstrated a
coating of the parasite surface with host proteins, a property that influences host recognition of a
foreign agent. This work then led to identification of trichomonad receptors for specific host
molecules, such as apoproteins of lipoproteins and lactoferrin. This in turn resulted in a better
understanding of the nutrition acquisition systems for a parasite incapable of lipid synthesis and
with a high requirement for iron. It would have been reasonable to hypothesize that the normal
desquamation of target vaginal epithelial cells coupled with the normal secretions would readily
rid 7. vaginalis organisms from the vagina. This is, in part, overcome by the property of
cytoadherence, mediated by four distinct surface proteins, three of which are members of
multigene families. This repertoire of functional surface proteins are coordinately up-regulated in
synthesis by host iron, showing that in vitro studies using batch cultures of parasites must take
into account the host environment. Moreover, a long-term non-self limiting infection would
eventually result in a host immune response, which would require multiple mechanisms for
evasion. To this end, 7. vaginalis organisms are uniquely qualified. Subversion of the host
immune response results from the promiscuous action of the numerous trichomonad cysteine
proteinases that are cytopathogenic and degrade all immunoglobulin classes. Resistance to the
alternative complement pathway is due to at least one environmentally regulated proteinase that
degrades C3 deposited onto parasite surfaces. The historical extensive antigenic diversity among
T. vaginalis isolates can now be understood in the context of the discovery of phenotypic
variation, as outlined above, in which no two parasites are identical and infecting populations are
heterogeneous when considering numerous properties and repertoires of proteins. This
complexity in environmental induction and repression of expression of trichomonad proteins has
broad implications with regard to virulence and pathogenesis. Collectively, all of these properties
make 7. vaginalis a model mucosal infectious agent.



REFERENCES

1.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

Centers for Disease Control and Prevention, Division of STD Prevention. Sexually
Transmitted Diseases Surveillance, 1995. US Dept. Health and Human Services, Public
Health Service, September, 1996

Kassai T, del Campillo MC, Euzeby J, Gaafar S, Hiepe TH, Himonas CA. Standardized
nomenclature of animal parasitic diseases (SNOAPAD). Vet Parasitol 1988;29, 299-326
Laga M, Nzila N, Goeman J. The interrelationship of sexually transmitted diseases and
HIV infection: implications for the control of both epidemics in Africa. AIDS 1991;5, 555-
563

Wasserheit JN. Interrelationship between human immunodeficiency virus infection and
other sexually transmitted diseases. Sex Transm Dis 1992;19, 61-77

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

Cotch MF, Pastorek II JG, Nugent RP, et al. Trichomonas vaginalis associated with low
birth weight and preterm delivery. Sex Trans Dis 1997;24, 353-360

Krieger JN, Alderete JF. Trichomonas vaginalis and Trichomoniasis. In: Holmes KK,
Mardh P-A, Sparling PF, et al. Eds. Sexually transmitted diseases, 3rd ed. New York;
McGraw-Hill, 1999

Quinn TC, Krieger JN. Trichomoniasis, In: Warren KS, Mahmoud AAF, eds. Tropical and
geographic medicine, New York, McGraw-Hill, 1990

Petrin D, Delgaty K, Bhatt R, Garber G. Clinical and microbiological aspects of
Trichomonas vaginalis. Clin Microbiol Rev 1998;11, 300-317

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

Krieger JN. Urologic aspects of trichomoniasis. Invest Urol 1981;18 411-417

Weston TE, Nicol CS. Natural history of trichomonal infection in males. Br J Vener Dis
1963;39, 251-255

Krieger JN. Trichomoniasis in men: old issues and new data. Sex Transm Dis 1995;22, 83-
96

Diamond LS. The establishment of various trichomonads of animals and man in axenic
cultures. J Parasitol 1957;43, 488-490

Lehker M, Alderete JF. Properties of Trichomonas vaginalis grown under chemostat
controlled growth conditions. Genitourin Med 1990;66, 193-199

Peterson KM, Alderete JF. Host plasma proteins on the surface of pathogenic Trichomonas
vaginalis. Infect Immun 1982;37, 755-762

Beach DH, Holz Jr GG, Singh BN, Lindmark DG. Fatty acid and sterol metabolism of
cultured Trichomonas vaginalis and Tritrichomonas foetus. Mol Biochem Parasitol
1990;38, 175-190

Peterson KM, Alderete JF. Trichomonas vaginalis is dependent on uptake and degradation
of human low density lipoproteins. J Exp Med 1984;160, 1261-1272

Lehker MW, Chang TH, Dailey DC, Alderete JF. Specific erythrocyte binding is an
additional nutrient acquisition system for Trichomonas vaginalis. J Exp Med 1990;171,
2165-2170

Dailey DC, Alderete JF. Characterization of Trichomonas vaginalis haemolysis. Parasit
1990;101, 171-175



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Krieger JN, Poisson MA, Rein MF. Beta hemolytic activity of Trichomonas vaginalis
correlates with virulence. Infect Immun 1983;41, 1291-1295

Gorrell TE. Effect of culture medium iron content on the biochemical composition and
metabolism of Trichomonas vaginalis. J Bacteriol 1985;161, 1228-1230

Lehker MW, Arroyo R, Alderete JR. The regulation by iron of the synthesis of adhesins
and cytadhererence levels in the protozoan Trichomonas vaginalis. J Exp Med 1991;174,
311-318

Lehker MW, Alderete JF. Iron regulates growth of Trichomonas vaginalis and the
expression of immunogenic trichomonad proteins. Mol Microbiol 1992;6, 123-132

Cohen MS, Britigan BE, French M, Bean K. Preliminary observations on lactoferrin
secretion in human vaginal mucus: variation during menstrual cycle, evidence of hormonal
regulation and implications for infection with Neisseria gonorrhoeae. Am J Obstet
Gynecol 1987;157, 1122-1125

Alderete JF, Pearlman E. Pathogenic Trichomonas vaginalis cytotoxicity to cell culture
monolayers. Brit J Vener Dis 1984;60, 99-105

Krieger JN, Ravdin JI, Rein MF. Contact-dependent cytopathogenic mechanisms of
Trichomonas vaginalis. Infect Immun 1985;50, 778-786

Arroyo R., Engbring J, Alderete JF. Molecular basis of host epithelial cell recognition by
Trichomonas vaginalis. Molec Microbiol 1992;6, 853-862

Alderete JF, Deme§ P, Gombosovova A, Valent M, Janoska A, Stefanovic J, Arroyo de
Ortega R. Specific parasitism by Trichomonas vaginalis of purified vaginal epithelial cells.
Molec Microbiol 1988;56, 2558-2562

Arroyo R, Gonzalez-Robles A, Martinez-Palomo A, Alderete JF. Signaling of Trichomonas
vaginalis for amoeboid transformation and adhesin synthesis follows cytoadherence. Molec
Microbiol 1993;7, 299-309

Arroyo R, Alderete JF. Trichomonas vaginalis surface proteinase activity is necessary for
parasite adherence to epithelial cells. Infect Immun 1989;57, 2991-2997

Arroyo R, Alderete JF. Two Trichomonas vaginalis surface proteinases bind to host cells
and are related to levels of cytoadherence and cytotoxicity. Arch Med Res 1995;26, 279-
285

Costa e Silva FF, de Souza W, Lopes JD. Presence of laminin-binding proteins in
trichomonads and their role in adhesion. Proc Natl Acad Sci USA 1988;85, 8042-8046
Engbring JA, Alderete JF. Three genes encode distinct AP33 proteins involved in
Trichomonas vaginalis cytoadherence. Mol Microbiol 1998;28, 305-313

Alderete JF, Engbring J, Lauriano C, O’Brien J. Only two of the Trichomonas vaginalis
triplet AP51 adhesins are regulated by iron. Microb Pathog 1998;24, 1-16

Alderete JF, O’Brien J, Arroyo R, et al. Cloning and molecular characterization of two
genes encoding adhesion proteins involved in Trichomonas vaginalis cytoadherence. Mol
Microbiol 1995;17, 69-83

Engbring JA, O’Brien J, Alderete JF. Trichomonas vaginalis adhesin proteins display
molecular mimicry to metabolic enzymes. Adv Exp Med Biol 1996;408, 207-223

Engbring JA, Alderete JF. Characterization of Trichomonas vaginalis AP33 adhesin and
cell surface interactive domains. Microbiol 1998;144, 3011-3018

Klebanoff SJ, Hillier SL, Eschenbach DA, Waltersdorph AM. Control of the microbial

flora of the vagina by H,O,-generating lactobacilli. J Infect Dis 1991;164, 94-100

10



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Alderete JF, Garza GE. Soluble Trichomonas vaginalis antigens in cell-free culture
supernatants. Mol Biochem Parasitol 1984;13, 147-158

North MJ. Comparative biochemistry of the proteinases of eucaryotic microorganisms.
Microbiol Rev 1982;46, 308-340

Neale KA, Alderete JF. Analysis of the proteinases of representative Trichomonas
vaginalis isolates. Infect Immun 1990;58, 157-162

Provenzano D, Alderete JF. Analysis of human immunoglobulin-degrading cysteine
proteinases of Trichomonas vaginalis. Infect Immun 1995;63, 3388-3395

Alderete JF, Newton E, Dennis C, Neale KA. The vagina of women infected with
Trichomonas vaginalis has numerous proteinases and antibody to trichomonad proteinases.
Genitourin Med 199167, 469-474

Alderete JF, Newton E, Dennis C, Neale KA. Antibody in sera of patients infected with
Trichomonas vaginalis is to trichomonad proteinases. Genitourin Med 1991;67, 331-334
Demes P, Gombosova A, Valent M, JanoSka, FabuSova H, Petrenko M. Differential
susceptibility of fresh Trichomonas vaginalis isolates to complement in menstrual blood
and cervical mucus. Genitourin Med 1988;64, 176-179

Alderete JF, Lehker MW. Iron mediates Trichomonas vaginalis resistance to complement
mediated lysis. Microbiol Pathol 1995;19, 93-103

Alderete JF, Provenzano D. The vagina has reducing environment sufficient for activation
of Trichomonas vaginalis cysteine proteinases. Genitourin Med 1997;73, 291-296

Cotch MF, Patorek II JG, Nugent RP, Yerg DE, Martin DH, Eschenbach DA. Demographic
and behavioral predictors of Trichomonas vaginalis infection among pregnant women.
Obstet Gynecol 1991;78, 10878-1092

Alderete J.F, Kasmala L, Metcalfe E, Garza GE. Phenotypic variation and diversity among
Trichomonas vaginalis isolates and correlation of phenotype with trichomonal virulence
determinants. Infectlmmun 1986;53, 285-293

Alderete JF, Demes P, Gombosova A, et al. Phenotype and protein-epitope phenotypic
variation among fresh isolates of Trichomonas vaginalis. Infectimmun 1987;55, 1037-1041
Wang A, Wang CC, Alderete JF. Trichomonas vaginalis phenotypic variation occurs only
among trichomonads infected with the double-stranded RNA virus. J Exp Med 1987;166, 142-
150

Khoshnan A, Alderete JF. Multiple double-stranded RNA segments are associated with
virus particles infecting Trichomonas vaginalis. J Virol 1993;67, 6950-6955

Musatovova O, Alderete JF. Molecular analysis of the gene encoding the immunodominant
phenotypically varying P270 protein of Trichomonas vaginalis. Micro Pathog 1998;24,
223-239

Provenzano D, Khoshnan A, Alderete JF. Involvement of dsRNA virus in the protein
composition and growth kinetics of host 7richomonas vaginalis. Arch Virol 1997;142, 939-
952

11



379,  HIGH IRON 37 . LOW IRON

Experiment 1

Cell Number x 1072
—

37 4 HIGH IRON
Experiment 2 1 Pog

0 1 2 3 4

Fig 1. Flow cytofluorometry patterns using mAb C20A3 to P270 (solid lines) of live T. vaginalis
T068-11 grown overnight under high (Experiment 1) versus low (Experiment 2) iron conditions (left side
patterns). An irrelevant mAb of the same IgG,, isotype as C20A3 was used as a negative control (dotted
lines) and is indicative of non-fluorescent organisms.
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Table 1. Emerging themes and virulence factors of 7. vaginalis contributory to pathogenesis

Themes

Virulence factor(s)

Nutrient Acquisition

Cytoadherence

Immune Evasion

Regulation of Virulence Genes

Receptors for nutrient acquisition
Hemagglutination and hemolysis

Receptor-ligand interactions
Adhesin proteins
Penetration to basement membranes

Surface coating with host proteins

Shedding of immunogens

Cysteine proteinase degradation of
Igs and complement

Phenotypic variation of immunogens

General nutrient limitation
Environmental factors (iron)
Parasite factors (d&sSRNA virus)
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Table 2. Two Naturally Occurring 7. vaginalis Isolate Types

Isolate Type P270 Surface dsRNA Virus
Phenotype

Type I homogeneous, negative -

Type II heterogeneous, positive +

and negative
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