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ABSTRACT

Trichomoniasis is the most prevalent non-viral sexually transmitted infection worldwide,
caused by Trichomonasvaginalis. This parasitic infection primarily affects women, who
may experience clinical manifestations such as leukorrhea, unpleasant vaginal odor, vulvar

Keywords:
Metronidazole. itching, and a strawberry cervix. While metronidazole is the drug of choice for treating
Tr“}?ﬂ?gﬁﬁiﬁ; this infection, strains of T. vaginalis resistant to this medication have been increasingly
vaginalis. reported globally. In this context, the objective of this study was to conduct a literature

review of reported case studies involving alternative therapeutic regimens used for
metronidazole-resistant T. vaginalis strains, published up to the year 2019.The databases

Palavras-chave: used were PubMed and the Scientific Electronic Library Online (SCIELO). Scientific articles

Metronidazol.
Tricomoniase. that were fully available online and provided detailed information on alternative treatment
Tricﬁ:g;;?: approaches for metronidazole-resistant 7. vaginalis infections were included. Systematic
. reviews, master’s dissertations, and doctoral theses published up to 2019 were excluded.
Results: A comprehensive analysis of 16 scientific articles was conducted, yielding 23 clinical
cases. Regarding therapeutic regimens, tinidazole was the most commonly used drug for
cases of metronidazole-resistant strains, followed by paromomycin and iodopovidone.
Received on: No standardized therapeutic guidelines were observed among healthcare professionals
05/06/2021 in cases of metronidazole-resistant T. vaginalis infections based on the analyzed reports.
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07/03/2024 RESUMO

A tricomoniase é a infec¢ao sexualmente transmissivel nao viral mais prevalente no mundo

Published on: causada por Trichomonas vaginalis. Essa parasitose acomete, principalmente, mulheres

12/23 /2024 que podem apresentar manifestagées clinicas como leucorreia, odor vaginal desagradavel,

prurido vulvar e cérvice com aspecto de morango. O metronidazol é o farmaco de escolha
para o tratamento dessa infecc¢ao, no entanto, cepas de T. vaginalis com resisténcia a este
medicamento tém sido cada vez mais relatadas no mundo. Nesse contexto, este estudo
teve como objetivo realizar uma revisdo bibliografica dos relatos de caso com esquemas
terapéuticos alternativos utilizados em casos de cepas de T. vaginalis resistentes ao
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metronidazol publicados até o ano de 2019. As bases de dados utilizadas foram o Pubmed
e Scientific Eletronic Library Online (SCIELO). Incluiu-se artigos cientificos que estavam
completamente disponiveis on-line e que dispunham de informagoes detalhadas acerca do
tratamento alternativo utilizado para os casos de infecgoes por T. vaginalis resistentes a
metronidazol. Foram descartadas revisoes sistematicas, dissertacées de mestrado e teses
de doutorado publicadas até 2019. Além disso, foi realizada a leitura completa e analise de
16 artigos cientificos. Dentre eles, foram recuperados 23 casos clinicos. Em relagao aos
esquemas terapéuticos, o tinididazol foi o firmaco mais utilizado nos casos de cepas resistentes
a metronidazol, seguido de paromicina e iodopovidona. Por outro lado, nao foi observada
uma padronizacgao das condutas terapéuticas a serem seguidas pelos profissionais da satide
em casos de infecgées por T. vaginalis resistentes a metronidazol nos relatos analisados.

INTRODUCTION

Taxonomy and Morphology

Trichomonas vaginalis (T. vaginalis) is a pro-
tozoan responsible for a sexually transmitted in-
fection known as trichomoniasis'. This organism
belongs to the clade Metamonada and is classified
within the supergroup Excavata and the group
ParabasaliaZ.

The main evolutionary form of this proto-
zoan is the trophozoite, whose morphology is in-
fluenced by physicochemical factors'. Thus, in ax-
enic culture, T. vaginalis exhibits a piriform or oval
shape, while on the vaginal epithelium, it assumes
an amoeboid form?® 4. It is important to note that,
under unfavorable growth conditions, T. vaginalis
can round up and internalize its flagella. This pro-
cess gives rise to forms known as pseudocysts®.

These organisms have a length that can vary
from 7 to 30 um®. The protozoan T. vaginalis consists
of four flagella and an undulating membrane that,
together with the flagella, provide motility to the
parasite’. Inside the parasitic cell, there is an axo-
style, a hyaline and slender structure composed of
rod-shaped microtubules that provide support to
the eukaryote and are thought to be responsible for
anchoring the parasite to the vaginal epithelial cells!,
°. Additionally, this protozoan contains an ellipsoidal
nucleus located in its anterior region, surrounded
by a porous nuclear envelope. Furthermore, it pos-
sesses dense granules, the hydrogenosomes, which
exhibit hydrolase and lysosomal activity®.

This parasite is a facultative anaerobe and
thrives in pH levels ranging from 5.0 to 7.5 and tem-
peratures between 20°C and 40°C. Regarding its
nutrition, it uses glucose, maltose, and galactose
as food sources and is also capable of storing gly-
cogen®. In cases of nutrient scarcity, trophozoites
have the ability to metabolize amino acids. These
mechanisms are crucial because the vaginal envi-
ronment undergoes constant variations in pH, hor-
mones, and nutrient availability?®.

The absorption of food particles occurs
through pseudopodia, a structure also associated
with the attachment of the protozoan to solid sur-
faces. Pseudopodia are primarily observed in the
amoeboid form of T. vaginalis, which explains why
the parasite assumes this form when in contact
with the vaginal epithelium?.

Biological Cycle

Trichomoniasis is transmitted through
contact during sexual intercourse with an already
infected partner. It is noteworthy that men rarely
exhibit clinical manifestations of T. vaginalis in-
fections, and the protozoan can survive for more
than a week under the prepuce, which facilitates
its transmission to other individuals. Regarding
other modes of transmission, trichomoniasis can
occur through the sharing of fomites or during the
passage of the newborn through the birth canal
in cases of maternal infection™.

In its life cycle, the protozoan initially col-
onizes the vagina in women and the urethra and/
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or prostate in men, primarily. The protozoan mul-
tiplies through binary fission, producing two tro-
phozoites from a single parasitic cell. In contact
with the vaginal epithelium, T. vaginalis moves
using its flagella, which aids in its feeding and at-
tachment to the site®.

Pathogenesis and Clinical Manifestations

The vaginal microbiota is essential for
maintaining the optimal pH of the vagina, which
serves to prevent the growth of opportunistic mi-
croorganisms such as fungi and bacteria®'2. In this
context, there is a group of bacteria known as
Doderlein bacilli (Lactobacillus spp.), which pro-
duce hydrogen peroxide and lactic acid®. These
bacterial metabolic products react with glycogen
naturally produced by the vaginal wall cells, main-
taining an optimal local pH between 4.0 and 4.5.
When the pH becomes alkaline, there is a progres-
sive increase in anaerobic bacteria and a reduction
in Doderlein bacilli*®.

Regarding trichomoniasis, the etiological
agent T. vaginalisis an opportunistic microorgan-
ism that requires a pH above 5 to successfully es-
tablish itself in the vagina or urethra. To achieve
this, the parasite releases amino acids that degrade
into alkaline amines, increasing the vaginal pH.
Consequently, there is an inhibition of the vaginal
microbiota bacilli and the maintenance of an ele-
vated local pH, which facilitates the colonization
of the parasite in the genital region"® 4.

The pathogenic effects of trichomoniasis
occur only after the protozoan adheres to the host
cells. The main virulence factors associated with
the parasite’s cytotoxicity and adherence are ad-
hesins, cysteine proteinases, integrins, cell-de-
taching factor (CDF), and glycosidases™"". Howev-
er, the possibility of pathogenicity in the absence
of cytoadherence should also be considered, as
products released by T. vaginalis, such as glycosi-
dases and CDF in culture media, have shown high
toxicity rates to epithelial cells®®,

The adhesion capacity of the protozoan is
influenced by the availability of iron. During men-
struation, there is an exacerbation in the produc-
tion of adhesins, as the protozoan takes advantage
of the iron from the increased blood flow in the

region®. It is important to highlight that the ex-
pression of adhesins on the parasite's surface al-
ternates with that of a highly immunogenic protein
known as P270, whose function has been associat-
ed with an immune evasion mechanism?" 11921,
Furthermore, iron also acts as a modulator of cys-
teine proteinases, which exhibit cytotoxic and he-
molytic activity and degrade antibodies such as IgG,
IgM, IgA, and the C3 component of complement,
which are deposited on the organism's surface" .

It is worth noting that other cellular com-
ponents can also be observed in the biological ma-
terial of individuals with trichomoniasis, such as
an increased number of polymorphonuclear leu-
kocytes in secretions'” 2°.

Given the physiopathogenic mechanisms
triggered by T. vaginalis, individuals infected with
this protozoan can exhibit a wide range of clinical
manifestations, varying from asymptomatic pre-
sentations to severe inflammation* "2. In cases of
vaginitis, the main symptom is leukorrhea, char-
acterized as a yellow, abundant, frothy, and muco-
purulent discharge that occurs in about 20% of
cases. Symptoms also include an unpleasant vag-
inal odor and vulvar pruritus?2. Additionally, edema
and erythema in the vagina and cervix may be ob-
served, along with the hallmark of trichomoniasis,
colpitis macularis, known as the "strawberry cer-
vix" appearance. It is important to note that many
women report experiencing abdominal pain, which
may indicate an infectious condition in the upper
urogenital tract. In men, this protozoan infection
primarily manifests asymptomatically. However,
there are reports of patients with abundant puru-
lent urethritis?3.

As a sexually transmitted infection, tricho-
moniasis can facilitate the transmission of the Human
Immunodeficiency Virus (HIV) between individuals.
In this context, HIV-positive men infected with the
parasite show high concentrations of the virus in
their semen compared to HIV-negative men?* 2.

Epidemiology

Trichomonas vaginalis is the etiological
agent of the most prevalent non-viral sexually
transmitted infection (STI) in the world, with ap-
proximately 156 million cases reported annually?®
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27, The prevalence of this parasitic infection is not
influenced by climate or seasonal variability. How-
ever, factors such as age, sexual activity, number
of sexual partners, associated STIs, and phase of
the menstrual cycle can affect the frequency of
this protozoan infection® °.

Trichomoniasis primarily affects women
aged 28 to 40 years, particularly those who are
socially marginalized and of low income, making
it more clinically and socially relevant in this
group?-3°, It is worth noting that the diagnosis of
T. vaginalis in virgin or postmenopausal women is
less frequent compared to analyses of biological
material from women outside these groups’ & 128
1. Among men, the prevalence of this infection is
still poorly understood, as it is predominantly as-
ymptomatic in this group32.

It is also important to note that the prev-
alence of trichomoniasis is underestimated in Bra-
zil, primarily due to incorrect and inadequate di-
agnoses as well as the high number of
asymptomatic individuals. In 2013, approximately
4.3 million cases of Trichomonas vaginalis were
reported in Brazil, a figure that may be related to
a lack of or infrequent use of condoms. Regarding
cases of coinfections, Neisseria gonorrhoeae,
Chlamydia trachomatis, Human Papillomavirus
(HPV), genital herpes, and HIV are the most com-
monly detected pathogens! > 7 27,

Prophylaxis

Prophylactic measures are essential for
controlling trichomoniasis, reducing the occur-
rence of new cases and recurrences in treated
individuals. Furthermore, it is crucial to implement
public policy measures in the field of health edu-
cation aimed at the preventive control of Tricho-
monas vaginalis in the population®3.

In this context, it is fundamental for the
population to have access to sexual education to
understand the modes of transmission, preven-
tion, and progression of this parasitic infection.
Additionally, a multidisciplinary approach involv-
ing trained professionals in health and human sci-
ences is important to empower individuals and
enable them to actively combat this infection by
reflecting on and taking action regarding partner

choices and sexual behavior. Thus, the use of con-
doms and the maintenance of good hygiene prac-
tices are essential to reduce the likelihood of con-
tact with the parasitic agent?® 0.

Patients should be advised on the impor-
tance of refraining from sharing bathing items and
intimate clothing, avoiding the use of public toi-
lets, exercising caution with douching, and avoid-
ing excessive use of soap in the genital area, as
this can alter vaginal pH, reduce the local micro-
biota, and create an environment conducive to
parasitic colonization3.

Other prophylactic measures against
trichomoniasis include regular check-ups and ear-
ly diagnosis. In cases where one partner is con-
firmed to be infected, it is imperative to ensure
proper treatment for both the patient and their
sexual partner, even if asymptomatic. Additionally,
abstinence from sexual contact during treatment
should be emphasized to prevent reinfection®.

Treatment

The primary medication used to treat T.
vaginalis infection is metronidazole; however, its
derivatives, such as tinidazole, are also widely used'
36, Currently, the Centers for Disease Control and
Prevention (CDC) recommends administering 500
mg of metronidazole twice daily for seven days or
a single 2 g oral dose. It is crucial that both the pa-
tient and their partner undergo treatment, regard-
less of whether the partner exhibits symptoms®’.

Metronidazole has selective toxicity, acting
only on anaerobic organisms®*. Furthermore, it is
considered a prodrug, requiring metabolic activation
in the hydrogenosomes of Trichomonas vaginalis®.
For this activation to occur, an electron transfer
from ferredoxin to the drug is necessary, which
takes place via the activity of the protozoan enzyme
pyruvate oxidoreductase. The exact pharmacolog-
ical mechanism of metronidazole is not fully under-
stood, but it is believed to modify the DNA structure
and cell membrane proteins of the parasite3* 4°.
In general, during the administration of this drug
for trichomoniasis treatment, adverse effects of
metronidazole are rarely severe and are directly
related to high doses of the medication. Clinical
manifestations already described include head-
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ache, nausea, tinnitus, dizziness, seizures, cere-
bellar ataxia, and urticaria!® 41,

In pregnant women, the use of metronida-
zole is recommended only after the first trimester
of pregnancy, as the drug can cross the placenta
and is classified as Category C, which includes med-
ications that may have toxic or teratogenic effects
on embryos. Therefore, after the first trimester and
during breastfeeding, a single 2 g dose of metroni-
dazole is indicated, or in cases of resistance and
persistent symptoms, 400 mg every 12 hours for
seven days is recommended*2-44.

The cure rates for trichomoniasis with met-
ronidazole are high; however, treatment failures
can occur due to reinfection, non-adherence to
therapy, or resistance of Trichomonas vaginalis to
the drug. In cases of parasitic resistance, treatment
may involve higher doses of metronidazole, which
can lead to toxicity, treatment abandonment, or the
chronicization of the parasitic infection*°.

The mechanisms behind parasite resis-
tance to metronidazole are not fully understood.
Researchers suggest this phenomenon may be due
to low serum zinc levels, poor absorption and dis-
tribution of the drug in the genital region, or in-
activation of the medication by bacteria in the
individual's vaginal microbiota*®. Resistance is
confirmed when T. vaginalis strains fail to respond
to two consecutive courses of metronidazole. It is
estimated that about 4% to 10% of trichomoniasis
cases are caused by metronidazole-resistant
strains. Regarding other therapeutic agents, tini-
dazole-resistant strains have been reported at
rates below 1% of infections.

It is important to note that T. vaginalis re-
sistance to metronidazole can be classified as an-
aerobic or aerobic. In anaerobic resistance, there
is a reduction or interruption in the activity of
pyruvate, an enzyme crucial for drug activation.
In aerobic resistance, there is a disturbance in the
removal of oxygen from inside the parasite5 4.

The first stage of resistance development,
observed at therapeutic drug levels, is aerobic re-
sistance, which results in increased oxygen con-
centration inside the protozoan and a reduction in
anaerobic conditions, which are essential for met-
ronidazole activation®’.

In anaerobic resistance, metronidazole
cannot be activated due to disruptions in the ac-
tivity of the enzyme pyruvate oxidoreductase.
However, in such cases, the protozoan strains may
respond to prolonged treatment or increased drug
doses?*S. This is because the enzyme and ferredox-
in are not completely absent. In these scenarios,
T. vaginalis strains may progress from aerobic re-
sistance to the anaerobic form. It is important to
note that various mechanisms contribute to the
development of Trichomonas vaginalis resistance
to metronidazole4, 47,

In cases of treatment failure due to resis-
tance, increasing the metronidazole doseto 2 g
daily for seven days is recommended. High intra-
venous doses, however, are not advised due to the
drug’s toxicity, as this administration method has
been associated with severe adverse effects such
as seizures and encephalopathy*® 4°. When ther-
apeutic efficacy is not achieved, susceptibility
testing for metronidazole and tinidazole should
be conducted®.

Other therapeutic regimens have proven
effective and may be considered in cases of met-
ronidazole resistance. These include high doses
of tinidazole (2 to 3 g daily for 14 days), which can
be combined with intravaginal tinidazole or intra-
vaginal paromomycin®. There are also reports of
clinical and parasitological cure using alternative
treatments such as intravaginal boric acid and ni-
tazoxanide. It is important to emphasize that top-
ical use of intravaginal betadine, clotrimazole,
acetic acid, furazolidone, gentian violet, nonoxy-
nol-9, and potassium permanganate is not recom-
mended, as these have demonstrated minimal
success rates in the treatment of trichomoniasis®.

MATERIALS AND METHODS

Databases and Publication Search

The present study constitutes a descrip-
tive systematic review on the alternative treat-
ment performed for cases of T. vaginalis infec-
tions resistant to metronidazole. This manuscript
was translated with the assistance of ChatGPT, an
Al language model de-veloped by OpenAl.
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The search for publications was carried
out during the period from March to April 2020,
and the maximum period for retrieving publica-
tions in the databases was up to the year 2019.
The databases used in the search were PubMed
and Scientific Electronic Library Online (SciELO),
and the descriptors were “Trichomonas vagina-

” W

lis] “resistance,” and “metronidazole.

Inclusion and Exclusion Criteria

During the search for studies in the da-
tabases, the titles and abstracts of all the docu-
ments found were read for subsequent retrieval
and storage of the publications. Thus, scientific
articles that were fully available online and pro-
vided detailed information about the alternative
treatment used for cases of T. vaginalis infections
resistant to metronidazole were included.
As for the exclusion criteria, studies that ad-
dressed the topic but were not fully available,
systematic reviews, master's dissertations, and
doctoral theses were excluded.

RESULTS AND DISCUSSION

Atotal of 392 studies were retrieved using
the terms “Trichomonas vaginalis, “resistance;’
and “metronidazole” Of these, 371 publications
were not included in the study as they did not ad-
dress any alternative treatments for T. vaginalis
infections resistant to metronidazole. From the
21 studies retrieved on the topic, a full reading
and analysis were conducted on 16 scientific ar-
ticles, as five authors reported continuing to use
metronidazole for the treatment of patients' in-
fections, albeit with different dosages (Figure 1).
After reviewing the 16 scientific articles, 23 cas-
es of female patients with T. vaginalis infections
resistant to metronidazole were analyzed. Only
clinical cases with complete descriptions in the
retrieved articles were included in the analysis.

It was observed that among the retrieved
clinical cases, individuals with T. vaginalis infec-
tions resistant to metronidazole were women
aged between 22 and 58 years, with the highest

(n=392)

Total number of studies retrieved and
analyzed by title and abstract

Articles not included because
they did not address treatment against

T. vaginalis infections (n=371)

Full articles analyzed (n=21)

Articles excluded because
treatment for trichomoniasis was
performed with different doses of
metronidazole
(n=5)

review (n=16)

Articles included in the systematic

Figure 1. Flowchart of the selection process for articles retrieved and selected for the systematic review on alternati-

ve treatments for cases of Trichomonas vaginalis resistant to metronidazole.
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number of cases reported in the United States
(10), followed by England (8) (Figure 2 and Table 1).

Regarding therapeutic regimens, tinida-
zole was the most commonly used drug in cas-
es of metronidazole-resistant strains (19 cases),
followed by paromomycin (4) and povidone-io-
dine (4). In contrast, chloroquine, co-amoxiclav,
proguanil, and Lactobacillus acidophilus injec-
tions were used in two different patients in En-
gland. Prochlorperazine, furazolidone, and po-
tassium permanganate were prescribed in three
separate cases in the United States, while clotri-
mazole and estrogen cream were prescribed for

one patient in Canada (Table 1).

From the analyzed cases, it was noted
that five patients experienced adverse effects
from treatments involving high doses of metro-
nidazole, paromomycin, furazolidone, tinidazole,
and prochlorperazine, either used alone or in
combination. The reported clinical manifesta-
tions included a wide range of symptoms, primar-
ily involving the genital and tegumentary regions.
These symptoms included vulvar pain, genital ul-
ceration, vomiting, nausea, brown-colored urine,
severe urticaria, acute respiratory suppression,
and vestibular desquamation (Table 1)
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Table 1. Case reports retrieved up to 2019 of patients with Trichomonas vaginalis infections resistant to metronidazole who underwent alternative treatments or
treatments combined with this medication.

Authors Year of Pu-  Patient Age Country of = Main Complaint History of Therapeutic Regimens Performed in Adverse Effect(s) Case Resolution
blication gender (years) Case Occur- Patients with T. vaginalis Infections Resistant to
rence Metronidazole
Kulda et al.*! 1982 Woman 41 Czech Republic | History of 4 years | 1) Five courses of 250 mg oral metronidazole twice daily + 500 Not reported Patient clinically
of recurrent vulvo- | mg inserted vaginally daily for 10 days. asymptomatic and
vaginitis due to T | 2) 1 g oral metronidazole daily. negative after the
vaginalis 3) Five 250 mg oral metronidazole tablets daily for 3 days. end of treatment..
4) 150 mg oral tinidazole twice daily for 7 days.
5) Two courses of 500 mg oral metronidazole twice daily for
5 days.
6) 2 g oral metronidazole in a single dose.
7)1 g oral metronidazole twice daily for 7 days.
8) 1 g oral ornidazole twice daily + 500 mg inserted vaginally
once daily for 6 days.
Pattman et al.* 1989 Woman 22 England Not reported 1) 400 mg oral metronidazole twice daily for 7 days + 250 mg Not reported Patient with un-
ampicillin four times daily for 5 days. changed symptoms,
2) 300 mg tetracycline twice daily for 2 weeks + 1 g nimorazole and *T. vaginalis*
every 12 hours for 3 days. trophozoites were
3) 100 mg oral metronidazole twice daily for 3 days + insertion detected in vaginal
of 100 mg mebendazole tablets at night. fluid.
4) 400 mg oral mebendazole three times daily for 14 days.
Pattman et al.? 1989 Woman 50 England History of four 1) 400 mg oral metronidazole twice daily for 7 days + 250 mg Not reported Patient did not res-
years of recurrent ampicillin four times daily for 5 days. pond to treatment.
trichomoniasis. 2) 1 g nimorazole every 12 hours for 36 hours + insertion of 200
mg povidone-iodine pessary at night for 7 days.
3) 400 mg oral mebendazole twice daily for 7 days.
4) 400 mg oral mebendazole three times daily for 7 days.
Wong et al.* 1990 Woman 36 New Zealand Foul-smelling whi- 1) 2 g tinidazole in a single dose. Not reported Patient clinically
te-yellow vaginal 2) Two regimens of 2 g tinidazole in a single dose. asymptomatic and
discharge. 3) Two regimens of 200 mg metronidazole three times daily negative six months
for 7 days. after the end of
4) 200 mg metronidazole three times daily for 14 days. treatment.
5) 200 mg metronidazole three times daily for 10 days.
6) 1 g oral ornidazole in a single dose + 500 mg vaginal pessary.
7) 2 g tinidazole three times at weekly intervals.
8) 2 ml povidone-iodine in douches with a 10% solution twice
daily for 4 days.
9) After 14 days, 2 ml povidone-iodine in douches with a 10%
solution twice daily for 2 days.
Watson e 1996 Woman 39 England Excessive vaginal 1) 2 g oral tinidazole in a single dose. Not reported Patient clinically
Pattman™

discharge.

2) 2 g oral metronidazole in a single dose.
3) 200 to 400 mg oral metronidazole three times daily for 7 to
14 days over 4 months.

asymptomatic and

negative four mon-

ths after the end of
treatment.
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4) Three doses of inactivated *Lactobacillus acidophilus*
strains injected intramuscularly at two-week intervals + 500
mg clotrimazole pessary.
5) Eight weeks after the third injection, acetarsol + two 250 mg
vaginal pessaries inserted daily for 10 days.
Lewis et al.% 1997 Woman 48 England Itching; Thin green 1) 2 g oral metronidazole in a single dose. Not reported Patient clinically
frothy vaginal 2) 2 g oral tinidazole daily for 2 days. asymptomatic and
discharge; Vulvova- negative seven
ginitis. weeks after the end
of treatment.
Lewis et al.% 1997 Woman 37 England Vaginal itching; 1) Three weekly courses of 200 mg oral metronidazole three Not reported Patient clinically
Profuse creamy times a day. asymptomatic and
discharge. 2) 400 mg metronidazole twice daily for 7 days. negative two mon-
3) Higher doses of metronidazole + co-amoxiclav + povidone- ths after the end of
-iodine pessary + tinidazole. treatment.
4) 300 mg chloroquine once a week for 7 weeks + 200 mg
proguanil daily.
5) 6% nonoxynol-9 pessary for 2 weeks + 300 mg chloroquine
once a week for 7 weeks + 200 mg proguanil daily.
6) Nonoxynol-9 pessaries for 1 week each month for 3 months.
7) Nonoxynol-9 pessaries for an additional 4 months.
Lewis et al. 1997 Woman 44 England Yellowish creamy 1) 400 mg metronidazole twice daily for 5 days. Vulvar pain due to Patient clinically
discharge; Vaginal 2) 2 g oral tinidazole + 500 mg twice daily for 7 days. paromomycin. asymptomatic and
itching. 3) Nonoxynol-9 pessary for 14 days + maintenance of 1 pessary Ulceration due to negative six weeks
3 nights per week. paromomycin after the end of
4) Preparation of 250 mg paromomycin applied every night for treatment.
14 days.
5) 2 g tinidazole in a single dose.
6) 14-day course of paromomycin in tablet form.
7) 14-day course of two 250 mg acetarsol pessaries each night.
Saurina et al.® 1998 Woman 33 United States of Erythematous 1) Oral and intravaginal metronidazole for 20 days + oral pro- Vomiting due to Not reported
America vulvar mucosa; chlorperazine. treatment with
Introital sensitivity; 2) 300 to 400 mg oral furazolidone for 7 days. metronidazole and
Purulent vaginal 3) Vaginal preparation of 100 mg furazolidone in 5 g of 3% prochlorperazine.
discharge. nonoxynol-9 three times a day for 7 days. Nausea and brown
4) 500 mg oral tinidazole + 500 mg intravaginal tinidazole for | urine related to the
14 days. use of oral furazo-
lidone.
Nausea due to
tinidazole.
Nyirjesy et 2011 Woman 54 United States of Irritation; 1) High doses of metronidazole and tinidazole. Not reported Patient clinically
al. ¥ America 2) Paromomycin cream + 1% gentian violet. asymptomatic and
3) 1 g oral tinidazole three times a day + 500 mg twice a day for negative six months
14 days. after the end of
4) Povidone-iodine vaginal suppositories for 14 days + micona- treatment.
zole/metronidazole/lidocaine pessary for 14 days + potassium
permanganate vaginal douche (1:1250) for 14 days.
5) 5 g of a 5% paromomycin intravaginal cream inserted at
night + 1 g oral tinidazole three times a day for 14 days.
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Nyirjesy et al.” 2011 Woman 29 United States of | History of 2 years 1) 6 courses of metronidazole, 3 courses of tinidazole (inclu- Mild irritation. Patient clinically
America of T. vaginalis ding one 14-day regimen with 3 g orally and 1 g vaginally per asymptomatic
infection. day), and zinc supplements. and negative four
2) 2% furazolidone cream twice daily for 14 days. months and two
3) 5 g of a 5% paromomycin intravaginal cream for 14 days +1g weeks after the end
oral tinidazole three times a day for 14 days. of treatment.
Forbes et al.% 2015 Woman 28 England Intense vaginal 1) 400 mg metronidazole twice daily for 5 days. Not reported Patient asympto-
discharge; 2) Metronidazole for 14 days at standard dosage. matic and negative
Dyspareunia; 3) 500 mg tinidazole four times daily for 7 days. thirteen weeks
Post-coital blee- after the onset of
ding. symptoms.
Byun et al.*® 2015 Woman 29 South Korea 1year of persis- 1) High doses of metronidazole and tinidazole administered Mild irritation. Patient clinically
tent infection orally and intravenously. asymptomatic and
with foul-smelling | 2)1% zinc sulfate douche twice daily for 14 days + 500 mg oral negative three
vaginal discharge; tinidazole twice daily for twelve days. months after the
irritation; dysuria. 3) Zinc sulfate douche for 7 days. end of treatment.
Butt e Tirmi- 2018 Woman 37 United States of | Persistent yellow 1) 1 g oral metronidazole in a single dose. Severe vaginal Patient clinically
Zi% America vaginal discharge 2) 2 g oral metronidazole once a day for 14 days. irritation due to the | asymptomatic and
for two years. 3) 2 g oral tinidazole daily + 0.75% intravaginal metronidazole use of paromomy- | negative two mon-
daily for 14 days. cin. ths after the end of
4) 2 g oral tinidazole daily + 1% zinc sulfate intravaginally with Nausea due to treatment.
tinidazole paste daily for 14 days. tinidazole.
5) 2 g oral tinidazole daily + 500 g intravaginal paromomycin
daily for 14 days.
6) 600 mg intravaginal boric acid daily for 90 days.
7) 500 g intravenous metronidazole every 8 hours + 600 mg
intravaginal boric acid daily for 14 days.
8) 500 g intravenous metronidazole every 8 hours for 7 days +
2 g liquid tinidazole daily + 600 mg intravaginal boric acid daily
for 14 days.
Salas et al.% 2018 Woman 30 United States of | Persistent vaginal 1) 2 g oral metronidazole or tinidazole in a single dose. Not reported Patient clinically
America discharge for two 2) Regimens of nitromidazole. asymptomatic and
years. 3) 500 mg oral metronidazole twice daily for 7 days. negative.
4) 2 g oral tinidazole once daily for 5 days.
5) 500 mg metronidazole + intravaginal application of metroni-
dazole twice daily for 7 days.
6) 2 g oral tinidazole once daily for 5 days.
7) 2 g oral metronidazole once daily for 5 days.
8) 1 g oral tinidazole three times daily for 14 days + 600 mg
intravaginal boric acid twice daily for 28 days.
Henien et al.® 2019 Woman 49 United States of Infection by T. 1) 6 regimens of oral metronidazole and tinidazole. Not reported Patient asympto-

America

vaginalis for 5
months; treatment
performed without

success.

2) Regimens of tinidazole from 1 to 7 days daily for 7 days.
3) 1 g oral tinidazole three times a day for 7 days + 4 g of 6.25%
paromomycin intravaginal cream for 14 days

matic four months
after the end of
treatment.
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Figure 2. Number of cases retrieved from scientific databases of Trichomonas vaginalis infections resistant to metronidazole

worldwide up to the year 2019.

Trichomoniasis is one of the most com-
mon non-viral sexually transmitted infections in
the world, primarily affecting women. Further-
more, this is a protozoan infection that is usual-
ly asymptomatic, resulting in minimal significant
sequelae for infected individuals in most cases®
4. One factor contributing to this scenario is the
high intra-specific variability of Trichomonas
vaginalis and the effectiveness of metronidazole
treatment, which is the first-line drug of choice
for healthcare professionals worldwide. Howev-
er, in recent years, strains of T. vaginalis resistant
to metronidazole have been reported in different
countries around the world?6. 5162, 65-67,

In this study, it was observed that all re-
covered cases of metronidazole-resistant T. vagi-
nalis occurred in women. This finding may be as-

sociated with the observation that the infection is
less frequent and tends to be self-limiting in men.
In contrast, a different scenario can be observed in
women, who may present with symptomatic and
persistent cases with clinical manifestations rang-
ing from vaginal itching to severe vaginitis. Addi-
tionally, it is important to highlight that trichomo-
niasis primarily affects women of reproductive age
who are sexually active, which facilitates the sexual
transmission of this protozoan?® .

In such cases, there is a pressing need
for the rapid adoption of effective treatment for
trichomoniasis, as this protozoan infection can
lead to fertility issues during and after pregnan-
cy, including preterm labor, low birth weight in
infants, stillbirth, postpartum endometritis, and
neonatal mortality®. Thus, the administration
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of metronidazole to women appears to be much
more frequent than in men, who often receive
treatment for T. vaginalis infection only when
there is confirmation of infection in their partner,
rather than through laboratory confirmation of
their own infection.

Among the analyzed articles, most cases
of T. vaginalis resistant to metronidazole occurred
in the United States, which may be associated with
the high prevalence of the infection in the coun-
try—approximately 3.7 million cases in women?®
%—and the absence or lack of recovery of pub-
lished case reports of T. vaginalis resistant strains
in other countries throughout this research.

Regarding the treatment of trichomonia-
sis, the drugs currently approved by the Ministry
of Health are metronidazole and tinidazole, as well
as other 5-nitroimidazoles”. In addition to these,
other medications in this class can be used, such
as secnidazole, imorazole, ornidazole, and azani-
dazole. It is important to emphasize that infections
caused by T. vaginalis strains resistant to metro-
nidazole have already been reported in different
countries, particularly in regions of North America.

Generally, the mechanisms conferring
resistance to the protozoan can vary. These in-
clude mutations in genes that encode the en-
zyme ferredoxin, which is involved in the ener-
gy metabolism of T. vaginalis, and in the enzyme
nitroreductase, responsible for the activation of
metronidazole within the parasitic cell and sub-
sequently for inducing cell death® ™. Other re-
ported mechanisms of resistance to metronida-
zole include: aerobic resistance to metronidazole
due to increased oxygen concentration inside the
protozoan, resulting from a molecular and enzy-
matic deficiency in removing this element from
within the parasite; anaerobic resistance forms
in vitro; expression of carbohydrates on the cell
surface; and modulation of extracellular ATP in
the interaction between T. vaginalis, the host, and
metronidazole22 % 7,

Among the drugs reported in the clini-
cal cases analyzed in this study for the treatment
of T. vaginalis resistant to metronidazole, it was
observed that tinidazole was the most recom-
mended. This finding was expected, as this drug

has mechanisms of action for destruction and
inhibition of DNA synthesis very similar to those
of metronidazole, the primary medication for the
treatment of trichomoniasis. Furthermore, tini-
dazole is listed as one of the most recommended
medications for the treatment of trichomoniasis
in reference manuals for healthcare profession-
als¥’. Despite this, frequent use of other antibi-
otics such as paromomycin and povidone-iodine
was evidenced. In these cases, it is necessary for
the treatment of trichomoniasis to be systemic,
since the protozoan can be detected in other ar-
eas outside the vagina, such as the urethra and
perivaginal glands?2. Additionally, the use of these
antibiotics may be related to the prevention of
other STIs and cases of bacterial vaginosis, which
are commonly observed in cases of co-infection
with trichomoniasis.

Alternative medications, such as chlo-
roquine and proguanil, which are antimalarials,
were employed, albeit less frequently. However,
these substances do not have proven efficacy
against T. vaginalis infections. Moreover, injec-
tions of Lactobacillus acidophilus were also used,
typically administered to restore the vaginal mi-
crobiota’?; co-amoxiclav, which is a broad-spec-
trum antibiotic against both gram-positive and
gram-negative microorganisms, whether or not
they produce beta-lactamases; furazolidone,
which can cause damage to proteins and DNA;
the antioxidant potassium permanganate; clotri-
mazole, an antifungal that inhibits the formation
of ergosterol; and estrogen cream for restoring
the vaginal epithelium. It is important to highlight
that none of the aforementioned drugs, except
for metronidazole, tinidazole, and other 5-nitro-
imidazoles, are recommended for the treatment
of trichomoniasis.

From the analyzed clinical cases, it was
observed that five patients experienced adverse
effects due to the use of high doses of metronida-
zole, paromomycin, furazolidone, tinidazole, and
prochlorperazine, whether used alone or in com-
bination. In this context, there were reports of ad-
verse effects following the use of oral and topical
medications, highlighting cases of nausea, vomit-
ing, decreased appetite, fever, and skin problems.
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In the case of metronidazole, inflammatory skin
reactions were reported, as mentioned in the
case of a patient from the United States®¢.

In general, in addition to intrinsic factors
related to the host, exposure to high doses, pro-
longed use, combination with other drugs or sub-
stances, and improper handling of medications
can lead to negative adverse effects in patients.
Although no case reports were retrieved in which
patients experienced adverse effects following
intravenous medication use, formulations of this
type offer no advantage over oral drugs™.

From the analyzed material, it was con-
cluded that cases of T. vaginalis resistant to met-
ronidazole occur more frequently in women re-
siding in North American countries, particularly
the United States. Furthermore, despite clinical
and parasitological cure in a large number of re-
covered cases, there was no observed standard-
ization of therapeutic approaches to be followed
by healthcare professionals in cases of T. vagi-
nalis infections resistant to metronidazole in the
analyzed reports. In this scenario, it is import-
ant to emphasize that some of the main barriers
to reducing the global prevalence of T. vaginalis
are cases of resistance to metronidazole and the
lack of systematization of alternative treatments
for persistent parasitic infections®. General-
ly, patients with T. vaginalis resistant infections
are subjected to higher doses of metronidazole,
which can trigger increased and even intolerable
adverse effects, necessitating treatment inter-
ruption. Another issue regarding trichomoniasis
is the confirmation of its diagnosis, which is of-
ten confused with bacterial or fungal infections of
the genitourinary tract due to the great similarity
in the clinical manifestations of these infection
groups. In this context, antibiotics that are inef-
fective against T. vaginalis are prescribed in most
cases?*’. In terms of public health, trichomoniasis,
like other sexually transmitted infections, re-
mains strongly associated with the treatment and
diagnosis of genital infections. This directly re-
flects the lack of knowledge and misinformation
about these conditions, as well as the low demand
for medical care, both among men and women.
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