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Objective: This study aims to investigate the clinical characteristics of vaginal trichomoniasis infection among vaginitis patients and
assess their resistance to metronidazole.

Methods: We conducted a retrospective study involving 687 vaginitis patients who visited our hospital from April 2022 to June 2024.
Clinical data were collected through questionnaires that included information on age, occupation, season of infection, marital status,
contraceptive methods, and frequency of vulvar hygiene. Vaginal secretions were examined for trichomoniasis, and the characteristics of the
infection were analyzed. Multivariate logistic regression was employed to identify factors influencing vaginal trichomoniasis infection.
Infected vaginal trichomonas samples were cultured in vitro, and metronidazole gradient concentration plates were prepared to determine
the minimum lethal concentration (MLC) of metronidazole against vaginal trichomonas, allowing for an assessment of resistance.
Results: Out of 687 vaginitis patients, 65 were diagnosed with vaginal trichomoniasis, resulting in an infection rate of 9.46%.
Significant differences in infection rates were observed based on age, occupation, season of infection, marital status, contraceptive
methods, and frequency of vulvar hygiene (P < 0.05).

Conclusion: The infection rate of vaginal trichomoniasis is notably higher in younger vaginitis patients compared to middle-aged and
elderly individuals, with a peak occurrence in spring. Higher rates were also noted among farmers, married individuals, those using
oral contraceptives or no contraception, and those with infrequent vulvar cleaning. Additionally, resistance to metronidazole was
identified in some cases. Clinical efforts should prioritize prevention and treatment strategies for high-risk populations.
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Introduction

Vaginal trichomoniasis is one of the most common non-viral sexually transmitted diseases worldwide, posing a serious
threat to women’s reproductive health.! After infection, patients may experience typical symptoms such as increased
vaginal discharge, odor, itching, burning sensations, and vulvar redness. In severe cases, symptoms may extend to
abdominal pain, frequent urination, and dysuria.> Moreover, vaginal trichomoniasis not only endangers individual health
but also has a significant public health impact. Studies® have shown that some individuals with vaginal trichomoniasis
infection have no obvious clinical symptoms, making asymptomatic carriers potential “sources of infection” and thereby
increasing the public health burden. Consequently, early detection and effective control of vaginal trichomoniasis
infection have become important public health topics worldwide.

In terms of treatment, metronidazole is currently the primary antiprotozoal drug, commonly used as a first-line treatment
and demonstrating significant efficacy in early infections. It mainly works by being reduced to its active form within
trichomonas cells, where it binds to DNA and leads to cell death.*> However, with the widespread clinical use of
metronidazole, resistance has gradually increased, posing new challenges to treatment.® This resistance not only reduces
treatment effectiveness but also raises the risk of recurrence, significantly increasing the disease burden on patients. The
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mechanisms underlying resistance may be closely related to changes in cellular metabolic pathways, drug target alterations,
and gene mutations.”® This trend has driven researchers to explore new treatment options and resistance suppression methods
to combat the spread of resistant strains. Additionally, the prevalence of vaginal trichomoniasis infection is relatively high,
with significant variations across different regions and populations.”'® Based on these reasons, this study retrospectively
analyzed the clinical data of 687 vaginitis patients at our hospital, aiming to explore the clinical characteristics of vaginal
trichomoniasis infection and evaluate metronidazole resistance, providing insights into the prevalence characteristics of
vaginal trichomoniasis infection among different populations in China and its resistance to metronidazole. This not only helps
in identifying high-risk groups clinically but also provides a scientific basis for developing effective prevention and treatment
strategies.

Materials and Methods
Clinical Data

A retrospective study was conducted on 687 patients diagnosed with vaginitis and treated at our hospital between
April 2022 and June 2024. Inclusion criteria: (1) meeting the clinical diagnostic criteria for vaginitis and Trichomonas
vaginalis infection;'""'* (@) age > 18 years, with the ability to complete relevant examinations and data collection; 3) no
treatment with metronidazole or other nitroimidazoles in the past three months; () complete medical records with
authentic and analyzable data. Exclusion criteria: (1) concurrent sexually transmitted infections (eg, Chlamydia,
Gonorrhea, HIV) or other types of vaginal infections; (2) chronic diseases affecting the immune system (eg, systemic
lupus erythematosus, AIDS) or undergoing immunosuppressive therapy; (3 recent (within three months) use of
antibiotics, antiprotozoal drugs, or other medications affecting vaginal microecology; (4) pregnancy or lactation; (5
cognitive, awareness, reading, or mental disabilities that could impair cooperation. This study was approved by the Jinan
Second Maternal and Child Health Hospital’s Ethics Committee, approval number FK-24-GZ-011. Informed consent was
obtained from all study participants. All the methods were carried out in accordance with the Declaration of Helsinki.

Methods

Data Collection

A case report form (CRF) was developed for this study, allowing for the collection of clinical data from the
participants’ medical records. It is essential to clarify that the characteristics of the women were retrospectively collected
from complete medical charts rather than through a dedicated questionnaire. This approach ensured comprehensive and
accurate data retrieval.

Vaginal Secretion Examination Method

Following the method in reference,'? vaginal secretions were collected using a disposable sterile cotton swab by rotating
it at the vaginal sidewall one-third area or posterior fornix. The collected sample was placed in a sterile saline tube (0.9%
NaCl) and sent to the laboratory for testing immediately. The sample was smeared on a clean slide and examined under
a microscope, starting with a low-power objective to identify abnormal cells or microorganisms. When a suspected
motile Trichomonas body was observed under low magnification, a high-power objective was used for closer examina-
tion to identify typical Trichomonas morphology. Once confirmed under high magnification, Trichomonas vaginalis
infection was diagnosed without further testing. For further analysis of Trichomonas vaginalis, the sample was cultured
on a specialized medium in a 37°C incubator. To ensure culture quality, subculturing was performed after 48 hours and
repeated three times to obtain a pure, viable Trichomonas sample.

Metronidazole Resistance Testing Method for Trichomonas Vaginalis

(1) Preparation of Metronidazole Gradient Concentration Plate: First, dissolve pure metronidazole standard to prepare
a stock solution. The stock solution was serially diluted in the culture medium to create a gradient of metronidazole
concentrations under sterile conditions. The gradient concentration solutions were stored in a refrigerator at 4°C. During
the experiment, 100 pL of the prepared metronidazole solution was added to each well of a sterile 96-well plate, dried,
and then frozen for storage. (2) Trichomonas vaginalis Preparation and Inoculation: Cultures of Trichomonas vaginalis in
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the logarithmic growth phase were centrifuged to remove the supernatant, and the precipitate was collected. The
precipitate was resuspended in an appropriate amount of medium, and protozoa were counted to ensure cell density
met detection requirements. The cell density was then adjusted to the standard level and aliquoted into the 96-well plate
to ensure uniform Trichomonas concentration in each well. (3) Resistance Testing and Observation of Results: The
adjusted Trichomonas suspension was inoculated into pre-prepared wells with different metronidazole concentrations,
setting at least two parallel wells per concentration. The 96-well plate containing Trichomonas and metronidazole was
incubated at 37°C to ensure adequate drug exposure. After incubation, a microscope was used to observe Trichomonas
survival status in each concentration of metronidazole, and counting was performed. The minimal lethal concentration
(MLC) was defined as the lowest metronidazole concentration at which Trichomonas morphology rounded, or movement
ceased completely. Strains with MLCs of 100-300 pg/mL were marked as resistant strains.

Observation Indicators

(1) Collect clinical data of vaginitis patients and information on Trichomonas vaginalis infection. (2) Analyze infection
rates of Trichomonas vaginalis among patients of different ages, occupations, seasons of infection, marital status,
contraceptive methods, and vulvar cleaning frequency. (3) Summarize influencing factors of Trichomonas vaginalis
infection in vaginitis patients using multivariate Logistic regression analysis. (4) Determine the MLC of metronidazole
against Trichomonas vaginalis to assess the resistance status of Trichomonas vaginalis infection in vaginitis patients.

Statistical Analysis
GraphPad Prism 8 software was used for plotting, and SPSS 22.0 software was used for data processing. Count data were
expressed as percentages (%) and analyzed by y*-test or Fisher’s exact probability method. A P-value of <0.05 indicated
statistically significant differences. Multivariate logistic regression analysis was utilized to identify associated factors for
Trichomonas vaginalis infection among the participants. The dependent variable was the presence of Trichomonas
vaginalis infection (1 = infected, 2 = not infected), while the independent variables included age, occupation, season of
infection, marital status, contraceptive methods, and vulvar cleaning frequency.

To compute the logistic regression, variables were coded (eg, age <45 years = 1, age >45 years = 2), and the analysis was
carried out to assess the odds ratios (OR) for each variable, with a significance level set at P < 0.05 indicating statistical
significance. Count data were expressed as percentages, analyzed using the y*test or Fisher’s exact probability method.

Results

Clinical Data Information of Vaginitis Patients
The clinical data of 687 vaginitis patients, including age, occupation, season of infection, marital status, contraceptive
method, and vulvar cleaning frequency, are shown in Table 1.

Table | Analysis of Clinical Characteristics of Trichomonas
Vaginalis Infection in Vaginitis Patients [n (%)]

Clinical Data Total Trichomonas | P-Value
Cases Infection
(n=687) (n=65)
Age (years)
<45 312 (45.41) 39 (12.50) 0.013
245 375 (54.59) 26 (6.93)
Occupation
Farmer 212 (30.86) 29 (13.68) 0.011
Worker 169 (24.60) 14 (8.28)
Civil Servant 148 (21.54) | 9 (6.08)
Service Industry 158 (23.00) 13 (8.23)
(Continued)
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Analysis of Clinical Characteristics of Trichomonas Vaginalis Infection in Vaginitis Patients
Among the 687 vaginitis patients, 65 cases were found to have Trichomonas vaginalis infection, with an infection rate of
9.46%. There were significant differences in the infection rates of Trichomonas vaginalis among patients of different
ages, occupations, infection seasons, marital statuses, contraceptive methods, and vulvar cleaning frequencies (P<0.05),

Table | (Continued).

Clinical Data Total Trichomonas | P-Value
Cases Infection
(n=687) (n=65)
Season of Infection
Spring 189 (27.51) 28 (14.81) 0.003
Summer 163 (23.73) Il (6.75)
Autumn 185 (26.93) 12 (6.49)
Winter 150 (21.83) 14 (9.33)
Marital Status 0.014
Married 517 (75.25) | 57 (11.03)
Unmarried 170 (24.75) | 8 (4.71)
Contraceptive Method 0.003
Condom 263 (38.28) 14 (5.32)
Oral Contraceptives 196 (28.53) | 22 (11.22)
No Method 228 (33.19) | 29 (12.72)
Vulvar Cleaning Frequency 0.011
Regular 291 (42.36) 18 (6.19)
Irregular 396 (57.64) 47 (11.87)

as shown in Figure 1 and Table 2.

Figure | Trichomonas vaginalis.

1164

https:

Infection and Drug Resistance 2025:18



Lv et al

Table 2 Clinical Characteristics Analysis of Vaginitis Patients Infected with

Trichomonas vaginalis [n (%)]

Clinical Data Trichomonas No Infection | P-Value
Infection (n=65) (n=622)

Age (years)

<45 39 (60.00%) 273 (43.87%) 0.024

245 26 (40.00%) 349 (56.13%)

Occupation

Farmer 29 (44.62%) 183 (29.40%) 0.012

Worker 14 (21.54%) 155 (24.91%)

Civil Servant 9 (13.85%) 139 (22.34%)

Service Industry 13 (20.00%) 145 (23.27%)

Season of Infection

Spring 28 (43.08%) 161 (25.89%) 0.005

Summer Il (16.92%) 152 (24.45%)

Autumn 12 (18.46%) 173 (27.85%)

Winter 14 (21.54%) 136 (21.89%)

Marital Status

Married 57 (87.69%) 460 (73.95%) 0.018

Unmarried 8 (12.31%) 162 (26.05%)

Contraceptive Method

Condom 14 (21.54%) 249 (40.05%) 0.003

Oral Contraceptives 22 (33.85%) 174 (27.99%)

No Method 29 (44.62%) 199 (32.06%)

Vulvar Cleaning Frequency

Regular 18 (27.69%) 273 (43.87%) 0.004

Irregular 47 (72.31%) 349 (56.13%)

Associated Factors of Trichomonas Vaginalis Infection in Vaginitis Patients

Using whether vaginitis patients had Trichomonas vaginalis infection as the dependent variable (1=infection, 2=no

infection) and taking the potential influencing factors identified in Table 2 as independent variables with assigned values

(see Table 3), a multivariate logistic regression analysis model was established. The results indicated that being younger

than 45, being a farmer, being infected in the spring, and being married were risk factors for Trichomonas vaginalis

infection in vaginitis patients (OR>1, P<0.05). Using condoms and regular vulvar cleaning were protective factors

(OR<1, P<0.05), as shown in Table 4.

MLC Value of Metronidazole for Trichomonas Vaginalis
The metronidazole MLC range for 30 samples was 1-300 pg/mL. Among them, 14 strains showed high sensitivity, with

MLCs of 1-25 pg/mL; 11 strains had moderate sensitivity, with MLCs of 50-70 ng/mL; and 5 strains had low sensitivity,

with MLCs of 100-300 pg/mL (Figure 2).

Table 3 Variable Assignment Table

Independent Variable

Assignment Method

Age (years)

Occupation

Season of Infection
Marital Status
Contraceptive Method
Vulvar Cleaning Frequency

<45=1; 245=2
Farmer=1; Non-farmer=2
Spring=1; Non-spring=2
Married=1; Unmarried=2
Condom=1; Non-condom=2

Regular=1; Irregular=2
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Table 4 Multivariate Logistic Regression Analysis of Influencing Factors
of Trichomonas Vaginalis Infection in Vaginitis Patients

Factor B SE P OR 95% CI

Age (years) 0.583 | 0.237 | 0.013 | 1.795 | 1.151-2.789
Occupation 0.764 | 0.302 | 0.011 | 2.136 | 1.193-3.826
Season of Infection 0.645 | 0.256 | 0.01 1.893 | 1.152-3.121
Marital Status 0.719 | 0.284 | 0.011 | 2.032 | 1.179-3.516
Contraceptive Method —0.843 | 0.323 | 0.009 | 0.435 | 0.234-0.827
Vulvar Cleaning Frequency | —0.924 | 0.297 | 0.001 | 0.407 | 0.223-0.716

Discussion

Our study shows that patients under the age of 45 have a significantly higher infection rate compared to those aged 45 and
above, consistent with previous research.'* 2 It is speculated that this may be due to the relatively high frequency of sexual
activity and more exposure pathways in people under 45, thus increasing their infection risk. However, despite the lower
frequency of sexual activity in patients over 45, a certain proportion of these patients are still infected with Trichomonas
vaginalis. This could be attributed to the fact that in elderly women, reduced estrogen levels lead to changes in the vaginal
microenvironment, weakening the mildly acidic environment, which compromises the immune defense barrier, creating
favorable conditions for the survival and reproduction of Trichomonas vaginalis.?' Additionally, older individuals tend to have
weaker immunity, making them more susceptible to infections, which contributes to the infection rate of Trichomonas
vaginalis among elderly patients.*? The study also found significant seasonal differences in the infection rate of Trichomonas
vaginalis, with a higher rate in the spring than in other seasons. This may be closely related to the warm and humid climate of
spring, which favors the growth and reproduction of Trichomonas vaginalis, thereby increasing the infection risk for women
during this season. Consequently, it is recommended that women exercise particular caution during this time and enhance their
self-protection awareness. In terms of occupation, patients who were farmers had a higher infection rate of Trichomonas
vaginalis. Due to limitations in education and economic conditions, farmers often have less access to health knowledge and
lack strong hygiene habits. The lack of relevant health education results in low hygiene awareness and inadequate personal
protection, leading to a higher infection rate in this population.® Therefore, clinical efforts should focus on strengthening
health knowledge dissemination among farmers, raising their awareness of preventing Trichomonas vaginalis infection, and
helping them develop basic hygiene practices and health knowledge, especially regarding preventive measures for high-risk
behaviors associated with infection. Marital status is also associated with the infection rate of Trichomonas vaginalis, with
married women having a relatively higher frequency of sexual activity, which increases the likelihood of exposure to sources
of infection.** Therefore, married women are at a higher risk of infection with Trichomonas vaginalis. It is recommended that
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Figure 2 MLC Values of Metronidazole for Trichomonas Vaginalis (ug/mL).
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married women be more mindful of maintaining healthy and hygienic sexual practices to prevent infection. Regarding
personal hygiene practices, women who clean their vulva regularly have a relatively lower infection rate, indicating that good
hygiene habits have a positive effect on preventing Trichomonas vaginalis infection. Women should be encouraged to develop
regular cleaning habits, particularly married women, who should pay extra attention to vulvar hygiene. Furthermore, in terms
of contraceptive methods, it is recommended to prioritize the use of high-quality condoms. Condoms not only provide
contraceptive protection but also help reduce the risk of Trichomonas vaginalis transmission to some extent, thereby protecting
women’s health.**°

Metronidazole is the primary drug used for treating Trichomonas vaginalis infections, and its efficacy has been widely
applied and validated. However, with the widespread use of metronidazole in recent years, the issue of resistance in
Trichomonas vaginalis to this drug has gradually emerged. Multiple studies?’*® have shown a gradual increase in metroni-
dazole resistance rates of Trichomonas vaginalis globally, especially among patients with recurrent infections or those on
prolonged medication. Studies on metronidazole-resistant Trichomonas vaginalis®® indicate that these resistant strains exhibit
significantly elevated minimum inhibitory concentrations (MIC) for metronidazole, requiring higher doses of the drug to be
effective. However, increasing the dose often brings more adverse reactions. This study determined the minimum lethal
concentration (MLC) of metronidazole on Trichomonas samples and found that resistant strains accounted for 16.67%, further
confirming a certain degree of resistance to metronidazole in Trichomonas vaginalis. The molecular mechanism of metroni-
dazole resistance is not yet fully understood and mainly involves the metabolic activation of the drug and intracellular redox
balance. However, several adaptive changes in resistant strains may weaken or inhibit this reduction process: (D) Changes in
redox pathways: Resistant strains of Trichomonas adjust their redox systems, such as by increasing intracellular oxygen
concentration, disrupting metronidazole activation under anaerobic conditions, thereby preventing the drug from being
reduced to its active form, which decreases its efficacy. (2) Alterations in oxidases and antioxidative enzymes: The key
mechanism of metronidazole action is inducing oxidative stress damage. Resistant strains may reduce oxidative stress damage
to their DNA by upregulating antioxidant enzymes (eg, superoxide dismutase).’® Additionally, an increase in certain oxidases
may also prevent metronidazole from completing metabolic activation in anaerobic environments, thereby enhancing
resistance. (3) Plasmid or gene mutation: Some studies®' suggest that specific genes carried by plasmids may influence the
function of metronidazole-metabolizing enzymes, thereby altering drug sensitivity. Furthermore, some resistant strains may
have mutations in specific genes, reducing their capacity for metronidazole metabolism and activation, further weakening the
drug’s effectiveness. The emergence of metronidazole resistance presents new challenges for treating Trichomonas vaginalis
infections. This study suggests that an in-depth understanding of resistance mechanisms and influencing factors not only
contributes to optimizing current treatment methods but also provides direction for developing new treatment regimens.
Future studies could focus on the molecular characteristics of resistant strains, regulatory mechanisms of resistance, and the
clinical efficacy of multidrug combinations to better control resistance and ensure treatment efficacy and reproductive health.

This study has the following limitations: () Limited sample size: The number of patients included in this study was
relatively small, particularly among specific populations (eg, elderly patients or groups with significant occupational
differences), which may limit the representativeness of the study results. (@) Lack of long-term follow-up data: This study
is a cross-sectional analysis without long-term follow-up of patients, making it impossible to assess the long-term health
impact of Trichomonas vaginalis infections on patients, especially the recurrence rate and its relationship with metronidazole
resistance. (3 Single-center limitation: This study is based on data from a single research center, which may be influenced by
regional factors, limiting the generalizability of the results. () Inadequate control of influencing factors: Although this study
considered various potential influencing factors (eg, age, occupation, hygiene habits), some potential confounding factors (eg,
number of sexual partners, history of other infections) were not included in the analysis, which may affect the accuracy and
interpretability of the study results. (5) Limitations in resistance detection: The metronidazole resistance detection in this study
was limited to certain patients, and the detection method used may have limitations, as it did not further analyze the resistance
mechanisms. (6) Self-reporting bias: Some data (eg, frequency of cleaning, contraceptive methods) relied on patients’ self-

reports, which may introduce subjective bias, affecting the accuracy of the study results.
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Conclusion
In conclusion, our study sheds light on the multifaceted factors associated with Trichomonas infection. The higher
prevalence among older adults, farmers, and unmarried individuals highlights the need for targeted public health
interventions. Strategies to promote safe sex practices and improve access to healthcare, particularly in agricultural
communities, are essential in addressing this public health concern. Additionally, as resistance to metronidazole is
becoming increasingly prevalent, there is an urgent need for ongoing surveillance and research into alternative
treatments. The findings contribute valuable insights into the epidemiology of Trichomonas vaginalis in China, paving
the way for improved health outcomes through informed prevention and treatment strategies.

Future research should focus on longitudinal studies to better understand the dynamics of Trichomonas transmission
and the efficacy of intervention programs. By considering both internal and external validity, future studies can further
elucidate the complexities surrounding Trichomonas infection and inform effective strategies for prevention and control.
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