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Abstract

Background Ureaplasma spp. can be classified into different serovars. It is unknown whether distinct serovars are
associated with clinical signs and symptom:s.

Methods We conducted a multicentre cross-sectional study. U. parvum serovars were identified on the basis of their
multiple-banded antigen (MBA) genes. After adjusting for demographic variables and other reproductive tract infec-
tions, the odds ratio (OR) and 95% confidence interval (Cl) were calculated to determine the impact of U. parvum
serovars on clinical symptoms.

Results Among 5,277 individuals, U. parvum serovars 3 and 6 were the most prevalent serovars (17.9% and 16.0%,
respectively). Potential confounders, such as age, body mass index (BMI), ethnicity, education level, contraceptive
methods, number of sexual partners, gravidity, parity, and other sexually transmitted infections (STls) that are associ-
ated with clinical symptoms (P<0.1) were adjusted for in the univariate analysis. U. parvum serovar 14 was strongly
positively associated with certain clinical symptoms, including redness and swelling of the vaginal wall (crude OR:
3.53,95% Cl: 1.92-6.49; adjusted OR: 5.21, 95% Cl: 2.56-10.58), cervical bleeding and swelling (crude OR: 3.89, 95% Cl:
2.38-6.36; adjusted OR: 7.37, 95% Cl: 3.82-14.23), and cervical ectropion (crude OR: 2.08, 95% Cl: 1.25-3.45; adjusted
OR: 3.04, 95% Cl: 1.60-5.74). In contrast, U. parvum serovar 3 was negatively associated with a variety of clinical symp-
toms, whereas no correlations were detected between U. parvum serovars 1and 6 with clinical symptoms.

Conclusions Different U. parvum serovars exhibit distinct correlations with clinical symptoms, suggesting that U.
parvum serovars are pathogenically heterogeneous and that further differentiation of serovars may be necessary.

Trial registration The study was registered with ClinicalTrials.gov (https://www.clinicaltrials.gov; ID: NCT04694495;
Registration Date: 2021-01-05).

Keywords U. parvum serovars, Women of childbearing age, Clinical symptoms, Heterogeneity in pathogenicity

"Yingxuan Zhang, Wei Qing and Wenyu Mo contributed equally to this work.

*Correspondence:

Muxuan Chen

muxuanchen@126.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-024-10113-9&domain=pdf
https://www.clinicaltrials.gov

Zhang et al. BMC Infectious Diseases (2024) 24:1213

Background

Ureaplasma spp. is one of the most prevalent Myco-
plasma species associated with urogenital tract infec-
tion in humans, and it can be classified into 2 biovars,
Ureaplasma parvum (U. parvum) and Ureaplasma
urealyticum (U. wurealyticum) [1-3]. On the basis of
multiple-banded antigen (MBA) genes, 4 serovars (sero-
vars 1, 3, 6, and 14) belong to the U. parvum biovar, and
the remaining serovars (serovars 2, 4, 5, 7—13) belong to
the U. urealyticum biovar [4, 5]. U. urealyticum and U.
parvum are prevalent in the reproductive tract of non-
pregnant women of childbearing age, with estimated
prevalence rates ranging from 7.6% to 28.5% for U. urea-
lyticum and 38.3% to 60.6% for U. parvum [6-9]. U. ure-
alyticum has been associated with a variety of medical
problems, including spontaneous abortion and prema-
ture birth [10, 11]. In contrast, U parvum is considered
potentially harmless because of its high prevalence and
weak correlation with disease [12]. Nevertheless, few
studies have examined the possibility that U. parvum
pathogenicity varies by serovar, which frequently leads
to confusion among clinicians regarding the necessity of
treating U. parvum-positive patients [11, 13]. Since dis-
tinct serovars may have varying degrees of pathogenicity,
testing U. parvum as a whole rather than individual sero-
vars may introduce confounding factors into the associa-
tions between U. parvum. and clinical complications.

The clinical presentation of symptoms and signs is the
most straightforward indicator of pathological altera-
tions. One study indicated that U. parvum was not
associated with symptoms/signs in women [12]. Only a
limited number of studies have identified diverse con-
nections between different U. parvum serovars and
symptoms [14, 15]. However, these studies focused only
on U parvum serovars, and no other sexually transmit-
ted infections (STIs) were considered confounding vari-
ables. Furthermore, the sample size was restricted to only
one centre. In addition, there is no clinical differentia-
tion among serovars with respect to the treatment of I
parvum and U. urealyticum [16], but differences in drug
susceptibility between U. parvum serovars have been
demonstrated [17, 18]. Identifying variations in the path-
ogenicity of U. parvum serovars simultaneously assists
clinicians in selecting the most appropriate antibiotic
regimens.

Thus, we conducted a study to determine whether spe-
cific U. parvum serovars are related to specific symptoms
and/or clinical indications in nonpregnant women, to
explore the heterogeneity in the pathogenicity of U. par-
VUM serovars.
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Methods

Study design and population

For this cross-sectional study, we used baseline data
(2020.11-2022.10) from the Chinese Association for
cLinical Microbiome 2004 (CALM 2004) project. The
CALM 2004 project is an ongoing prospective multi-
centre cohort study in China that aims to determine the
relationship between the female genital tract microbiota
and human papillomavirus (HPV) infection clearance,
persistence, and progression to cervical intraepithelial
neoplasia (CIN) or cervical cancer. All the participants
who were routinely screened for cervical cancer were
recruited from the gynaecological outpatient department
of a class A tertiary hospital. The design was described
previously [19]. The detailed inclusion, exclusion and
elimination criteria of the study are outlined in Table S2.
This analysis, which was based on baseline data from the
CALM 2004 project, included participants who provided
basic information, maintained exhaustive records of clin-
ical signs and symptoms, and underwent thorough com-
prehensive testing for pathogens causing STIs. The final
analysis included 38 centres and 5,277 participants. The
sample sizes of each centre are presented in Table S3.

U. parvum serovar detection
Exfoliated cervical cells were collected from each indi-
vidual by a clinician for U. parvum serovar testing, which
was measured with an STIs detection kit (Hybribio,
Guangdong, China) [20, 21]. In accordance with the
manufacturer’s instructions, 1 mL of cell preservation
solution containing cervical cells was centrifuged at
7,000 Xg for 5 min. Then, the supernatant was discarded,
0.5 mL of cell preservation mixture was added, and the
cells were resuspended and centrifuged again at 7,000 Xg
for 1 min. The supernatant was discarded, 50 pl of cell
lysate was added, the mixture was boiled for 10 min, and
centrifuged at 7,000 Xg for 10 min, the supernatant was
kept for DNA amplification. The serovars of U. parvum
were identified (Hybribio, Guangdong, China) via PCR
and flow-through hybridization using specific probes. U.
parvum was divided into U. parvum serovars 1, 3, 6 and
14 according to the following probe sequences.

U. parvum serovar 1: 5-TTACACATATTAAATAAA
GACAATAAA-3!

U. parvum serovar 3: 5-TATGTAAGATTACCAAAT
CTTAGTGTT-3.

U. parvum serovar 6: 5-ATTTTTTACTAGTATTAA
ATTAAAAACAAT-3!

U. parvum serovar 14: 5-TATTAATCTTACATAATT
TCTAC-3!
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Outcomes

The eligibility of individuals for the study was determined
and evaluated by a gynaecologist and research nurse. All
participants completed a questionnaire on genital symp-
toms, including vaginal itching, lower abdominal pain,
pain or bleeding during sexual intercourse and irregular
vaginal bleeding. The clinical signs of purulent cervical
discharge, redness and swelling of the vaginal wall, vagi-
nal odour, cervical bleeding and swelling, and cervical
ectropion were also recorded by a clinician during a geni-
tal examination.

Covariate collection

We selected covariates associated with clinical symptoms
and U. parvum infections, including those identified by
previous studies such as socioeconomic information
(age, ethnicity, education level, contraceptive methods,
number of sexual partners, gravidity, and parity), patho-
gens causing genital tract infections, including Neisseria
gonorrhoeae (N. gonorrhoeae), U. urealyticum, Myco-
plasma hominis (M. hominis), Mycoplasma genitalium
(M. genitalium), Herpes simplex virus type 2 (HSV-2),
Chlamydia trachomatis (C. trachomatis), HPV, Tricho-
monas vaginalis (T vaginalis), Candida, and the Nugent
and Donders scores [22, 23]. Socioeconomic informa-
tion was compiled from a self-report questionnaire.
Table S4 shows a detailed summary of the question-
naires. Ethnicity was a binary variable comprising Han
or ethnic minorities, with ethnic minorities defined as
ethnic groups other than the Han ethnic group. Educa-
tion level was defined as below an undergraduate or an
undergraduate or above. Contraceptive methods were
divided into 4 categories: noncontraception, intrauterine
device, contraceptives, and condom. Individuals using
multiple contraceptive methods were excluded from the
analysis. There were 2 categories for the number of sexual
partners: 1 or>2 partners. We categorized gravidity and
parity status into 4 groups accordingly: 0, 1, 2, and>3
pregnancies/births.

The methods used for the detection of N. gonorrhoeae,
U. urealyticum, M. hominis, M. genitalium, HSV-2, and
C. trachomatis were the same as those used for the detec-
tion of U. parvum serovars. Genotypes of HPV were
determined according to the manufacturer’s guidelines
via an HPV GenoArray diagnostic kit (Hybribio, Guang-
dong, China). The presence or absence of T. vaginalis
was determined via wet mount microscopy and Candida
positivity was determined via both wet mount micros-
copy and culture methods for vaginal secretions [23].
The Nugent score was determined via Gram staining of
the vaginal smear whereas the Donders score was deter-
mined via wet film microscopy of the vaginal secretions.
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The Nugent score was divided into 3 categories: bacte-
rial vaginosis (BV), defined as a score>7; intermediate,
defined as a score of 4—6; and normal, defined as a score
of 3 [24]. Aerobic vaginitis (AV) was defined as a Donders
score > 3; normal was defined as a Donders score < 3 [25].

Data analysis

Continuous variables are reported as the means with
standard deviations, and categorical variables are
reported as frequencies and percentages. Univariate
analyses were used to assess risk factors associated with
clinical symptoms. The exposure factor was the U. par-
vum serovar, whereas the outcome variables consisted
of numerous signs and symptoms of vaginal and cervi-
cal, for which data were collected via questionnaires
and clinician examinations. The exposure and outcome
variables were both classified as categorical variables.
The correlation between U. parvum serovar and clini-
cal symptoms were assessed using logistics regression.
We constructed 3 models: 1) a crude model, which was
unadjusted; 2) a minimally adjusted model, which was
adjusted for basic demographic variables, including age,
BMI and ethnicity; and 3) a fully adjusted model, which
included the variables adjusted for in the minimally
adjusted model and was additionally adjusted for poten-
tial confounders, such as education level, contraceptive
methods, number of sexual partners, gravidity, parity
and STIs with P<0.1 in univariate analyses. If U. parvum
serovars were the independent variables, other serovars
were also adjusted for. Additional stratified analyses were
conducted to evaluate the connection between U. par-
vum serovar 14 and cervical-related symptoms in differ-
ent HPV infection statuses. Additionally, the P-value for
the interaction between U. parvum serovar 14 and HPV
was determined. Odds ratios (ORs) with 95% confidence
intervals (CI) were calculated.

R 4.2.0 (http://www.R-project.org) and EmpowerStats
(http://www.empowerstats.com, X&Y Solutions, Inc.,
Boston, MA) were used for the statistical analysis. Statis-
tical significance was set at a P value <0.05.

Results

Description of the study population

A total of 5,277 participants whose U. parvum serovars
test results and self-reported clinical symptoms were
available were included in this cross-sectional study
(Fig. 1). U. parvum serovar 3 was the most prevalent
serovar (17.9%, n=944), followed by U. parvum serovar
6 (16.0%, n=2845), and U. parvum serovar 14 was the
least prevalent (1.6%, n=287). U. parvum serovar 1 was
detected in 423 participants (8.0%) (Table 1).
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f CALM 2004 (N=7,072)

Aged 18 to 50, non-pregnant, non-menopausal, sexually
active women for cervical cancer screening

# Excluded (N=1,795)

4 Absent results for Ureaplasma spp. test
1,791 Absent documentation of clinical symptoms

# Study cohort (N=5277)

Participants included in the final analysis

Fig. 1 Flow chart of the study

Baseline characteristics of the study population

There were no significant differences in age or BMI
between individuals infected with U. parvum serovars
and those who were not infected (Table 1). The par-
ticipants infected with U. parvum serovar 14 were less
educated than those who were not infected (Table 1).
Compared with those who did not experience pregnancy
and childbirth, women who had experienced pregnancy
and childbirth were significantly less likely to have U.
parvum serovar 3 infection (Table 1). In addition, various
contraceptive techniques were associated with different
U. parvum serovars, and infected women were also less
likely to use condoms than uninfected women (Table 1).
Additionally, comparisons of baseline characteristics
were conducted between symptomatic and asympto-
matic females (Table S5). Infections with U. urealyticum,
M. hominis, C. trachomatis and HPV were more preva-
lent among symptomatic women, who also presented
greater Nugent and Donder scores (Table S5).

Coinfection with U. parvum serovars and other STls
pathogens

Individuals with other genital infections, such as M. hom-
inis, HSV-2, HPV and C. trachomatis, were more likely to
be infected with specific U. parvum serovars simultane-
ously, whereas individuals with T. vaginalis and U. urea-
lyticum infections had a lower incidence of U. parvum
serovar 3 infection than those uninfected individuals did
(Table 2). Individuals with U. parvum serovar 6 infec-
tion had higher Nugent scores but did not differ from

negative U. parvum serovar 6-individuals in terms of
Candida infection (Table 2). Additionally, we evaluated
coinfection among different U. parvum serovars. Indi-
viduals infected with U. parvum serovars 1, 3 and 6 were
more susceptible to infection with a single serovar than
to coinfection with multiple serovars, but individuals
infected with U. parvum serovar 14 had a greater prob-
ability of coinfection with U. parvum serovars 1, 3, and 6
than noninfected individuals did (Table S6).

Self-reported clinical symptoms associated with U. parvum
serovars

Potential risk variables associated with clinical symp-
toms were determined via univariate analysis (Table S7).
To identify the independent effects of different U. par-
vum serovars on clinical symptoms, we constructed a
crude model, a minimally adjusted model (Table S8) and
a fully adjusted model (Fig. 2). According to the fully
adjusted model, U. parvum serovar 14 was strongly posi-
tively associated with redness and swelling of the vaginal
wall (OR: 5.21, 95% CI: 2.56-10.58), cervical bleeding
and swelling (OR: 7.37, 95% CI: 3.82-14.23) and cervi-
cal ectropion (OR: 3.04, 95% CI: 1.60-5.74). In contrast,
the relationship between U. parvum serovar 3 and clini-
cal symptoms produced opposite effects. Compared with
uninfected women, U. parvum serovar 3-infected women
were less likely to experience pain or bleeding during sex-
ual intercourse (OR: 0.66, 95% CI: 0.47-0.92), irregular
vaginal bleeding (OR: 0.66, 95% CI: 0.46—0.96), and cervi-
cal bleeding and swelling (OR: 0.64, 95% CI: 0.47-0.88).
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A U. parvum serovar |

Logistic regression, Adjusted OR (95%CI), P value

Vaginal itching —fe— 109 (0.82, 1.43) 0.562

Lower abdominal pain —fe— 107 (0.77, 1.48) 0.700

Pain or bleeding during sexual intercourse  ——&—~ 0.70 (0.4, 1.09) 0.116

Irregular vaginal bleeding ~ ———p——— 0.95(0.61, 1.49) 0831

g Purulent cervical discharge  ——e—— 0.79 (050, 1.26) 0325
g

é Redness and swelling of the vaginal wall +———e——— 0.78 (046, 1.33) 0363

Vaginal odour  +———e4—— 0.84 (0.52. 1.38) 0.498

Cervical bleeding and swelling ——e—F 0.69 (0.46. 1.04) 0.073

Cervical ectropion — 0.99 (0.73, 1.35) 0.958

Symptom —— 0.97 (0.73, 1.29) 0817

05 1.0 15 20

OR (95%CT)

C U. parvum serovar 6

Logistic regression, Adjusted OR (95%CI), P value

Vaginal itching —— 0.99 (0.80, 1.23) 0.928
Lower abdominal pain —f— 1.09 (0.85, 1.41) 0.484
Pain or bleeding during sexual intercourse —— 0.85(0.62, 1.18) 0.342
Irregular vaginal bleeding  —e—}— 081 (056, 1.16) 0253
g Purulent cervical discharge  ——e—f— 083 (0.58,1.17) 0277
3
E  Redness and swelling of the vaginal wall ~ ——p——— 097 (0.6, 1.44) 086
—— 0.85(0.59, 1.24) 0.407
Cervical bleeding and swelling ~ —e—« 080 (0,59, 1.09) 0154
Cervical ectropion —e— 0.85(0.67, 1.07) 0.170
Symptom — 1.01 (0.81, 1.26) 0.944
_

T 1
0.5 1.0 15 2.0
OR (95%CI)
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B U. parvum serovar 3
Logistic regression, Adjusted OR (95%CI), P value
Vaginal itching —f— 1,03 (0.84, 1.27) 0.781
Lower abdominal pain —fe— 1.06 (0.83, 1.35) 0.663
Pain or bleeding during sexual intercourse  —@—— 0.66 (0.47,0.92) 0.015
Irregular vaginal bleeding ~ ——e——| 0.66 (0.46, 0.96) 0.028
H] Purulent cervical discharge —f—— 1.00 (0.73, 1.38) 0.997
2
5 Redness and swelling of the vaginal wall — 0.94 (0.64, 1.38) 0.746
Vaginal odour — 0.96 (0.67, 1.37) 0.811
Cervical bleeding and swelling +—@— 0.64 (0.47, 0.88) 0.005
Cervical ectropion ——1 0.85(0.67, 1.07) 0.170
Symptom —et 0.86 (0.70. 1.06) 0.157
0.5 10 15 2.0
OR (95%CI)
D U. parvum serovar 14
Logistic regression, Adjusted OR (95%CI), P value
Vaginal itching e 0.77 (0.39. 1.53) 0.453
Lower abdominal pain ol 0.82(0.36. 1.87) 0.642
Pain or bleeding during sexual intercourse i ol 0.81(0.28,2.32) 0.699
Irregular vaginal bleeding Ho— 127 (0.42.3.79) 0.672
g Purulent cervical discharge L 0.83 (0.58. 1.17) 0277
g
g Redness and swelling of the vaginal wall ————— 5.21(2.56.10.58) <0.001
Vaginal odour —fe— 1.10(0.37,3.22) 0.866
Cervical bleeding and swelling ————————— 7.37(3.82,14.23) <0.001
Cervical ectropion ——t 3.04 (1.60, 5.74) 0.001
Symptom e 1,56 (0.74,3.29) 0.248

T T 1 1 1
0.5 25 45 65 85 105125145
OR (95%CI)

Fig. 2 Association of clinical symptoms with U. parvum serovars. Age, BMI, ethnicity, education level, contraceptive methods, number of sexual
partners, gravidity, parity, and other STls that were associated with clinical symptoms were adjusted for (P<0.1 in univariate analysis)

Additionally, we observed that U. parvum serovar 1 and 6
infection was not associated with any clinical symptoms.

Stratified analysis

U. parvum serovar 14 is strongly correlated with symp-
toms associated with cervicitis, and HPV serves as a sig-
nificant etiological factor for cervical cancer, which can
manifest as cervical symptoms. We analysed the asso-
ciations between U. parvum serovar 14 and cervicitis
symptoms in individuals with or without HPV infection
to further examine the correlations among U. parvum
serovar 14, HPV, and symptoms of cervicitis. Among
HPV-infected individuals, U. parvum serovar 14-infected
women were more prone to cervical ectropion (OR: 2.59,
95% CI: 1.48-4.54), than HPV- uninfected women. U.
parvum serovar 14-infected patients presented a signifi-
cant positive association with cervical bleeding and swell-
ing, regardless of their HPV status (OR: 3.95, 95% CI:
2.29-6.82 for HPV negative participants; OR: 3.74, 95%
CI: 1.18-11.88 for HPV positive participants) (Table 3).

Discussion
In this study, we investigated the associations of U. par-
vum serovars with clinical symptoms in 5,277 Chinese
women of reproductive age. Our results revealed that
U. parvum serovars 3 and 6 were the most prevalent U.
parvum serovars in Chinese women (17.9% and 16.0%,
respectively). Even after adjusting for pathogens caus-
ing genital tract infection, such as BV, U. parvum serovar
14 was significantly positively related to clinical symp-
toms associated with cervicitis, including cervical bleed-
ing and swelling and cervical ectropion independent of
HPV infection. Notably, the findings indicated that U.
parvum serovar 3 was significantly negatively associated
with specific clinical symptoms, whereas no correlations
were detected between U. parvum serovars 1, 6 and clini-
cal symptoms. These findings suggest the relationships
between different U. parvum serovars and clinical symp-
toms are heterogeneous.

Owing to the high detection rate of U. parvum and
its presence in women with and without signs of geni-
tourinary tract infections, it has been hypothesized that
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Table 3 Effects of U. parvum serovar 14 on cervicitis-related symptoms in participants with or without HPV infection
Stratified Cervical bleeding and swelling Cervical ectropion
OR (95% Cl) Test for interaction® OR (95% Cl) Test for
interaction
HPV Negative 3.95(2.29,6.82)" 0.935 2.59(1.48,4.54)" 0.085

Positive 3.74(1.18,11.88)"

0.81(0.22,2.94)

Abbreviations: U. parvum Ureaplasma parvum, HPV human papilloma virus
The data are presented as ORs (95% Cls), ‘P<0.05, “P<0.01

2Test for interaction between U. parvum serovar 14 (negative or positive) and HPV (negative or positive) on cervicitis-related symptoms

U. parvum is a natural part of the female genital tract
flora [26—28]. In 2018, the Editorial Board of the Euro-
pean STIs issued a statement suggesting that there was
no evidence of benefit in relation to routine testing and
the treatment of M. hominis, U. parvum and U. urealyti-
cum in adults based on existing available research [29].
The same conclusion was drawn in a cross-sectional
investigation [12]. Notably, the recent relevant investiga-
tions did not adjust for genital pathogens and serovars of
U. parvum were not considered. Recent research on the
correlations between U. parvum serovars and clinical
symptoms is conflicting and limited. Another study that
compared U. parvum serovar infections in women with
and without symptoms of genital tract infection reported
that U. parvum serovar 3 or U. parvum serovar 14 infec-
tion was related to clinical symptoms, but that U. parvum
serovar 6 infection was associated with asymptomatic
women [15]. However, the sample size was limited in this
study, and the U. parvum serovar 3/14 variable was used
in the analysis instead of the individual serovar. Moreo-
ver, other genital tract pathogens were not adjusted for in
this study. We found that the association between U. par-
vum serovar 3 and clinical symptoms was opposite that
between U. parvum serovar 14 and clinical symptoms,
suggesting heterogeneity in the pathogenicity of various
U. parvum serovars.

Tetracyclines (particularly doxycycline) continue to be
the first-line treatment for mycoplasma infections [16,
30]. As a consequence of the abuse of antibiotics, a sepa-
rate study revealed that multidrug resistance among Ure-
aplasma spp. isolates has shown an increasing trend [31].
Compared with U. urealyticum, U. parvum has substan-
tially higher drug resistance rates to ciprofloxacin and
roxithromycin [17, 32]. In addition, different U. parvum
serovars exhibit varying antibiotic sensitivities [18, 33].
According to our study, infection with various U. parvum
serovars may result in various clinical signs. Therefore,
it may be important to differentiate the serovars of U.
parvum.

Notably, our study revealed a strong positive associa-
tion between U. parvum serovar 14 and cervicitis-related
symptoms, such as cervical bleeding and swelling and

cervical ectropion. This contrasts with many studies and
guidelines that have found no clear evidence of an asso-
ciation between U. parvum and cervicitis [7, 23, 29, 34,
35]. The differences observed could be because no dis-
crimination between U. parvum serovars was performed
in previous studies, potentially masking the significant
association between U. parvum serovar 14 and the clini-
cal symptoms. In contrast to U. parvum serovar 14, U.
parvum serovar 3 was significantly negatively correlated
with cervical bleeding, indicating that U. parvum might
be a protective factor against cervical bleeding and swell-
ing when the independent correlations between specific
U. parvum serovars and symptoms were evaluated. The
diversity of U. parvum serovars could be explained by
genetic variations. Nevertheless, research comparing
genomic differences across different U. parvum serovars
is scarce. Undertaking comparative genomic analyses of
U. parvum serovars could represent a fruitful avenue for
future research.

Our study has several strengths, including its geo-
graphically diverse multicentre design with a large sample
size. In this study, we were able to assess the associations
between individual serovars of U. parvum and different
clinical signs and symptoms. To evaluate the independ-
ent correlations between U. parvum serovars and clinical
symptoms, we also adjusted for additional genital tract
infections that could have confounded the results, which
led to more robust results.

There are several limitations of this study. First, owing
to the cross-sectional design, we were not able to assess
the causal associations between U. parvum serovars
and clinical symptoms in this study. Second, because
the majority of participants in our study were Chinese
women, the findings may not be applicable to women
outside China. Third, as with any observational study,
there may be other unobserved confounders that influ-
ence the results, despite adjusting for a considerable
number of relevant variables known to affect clinical
symptoms in our study. Fourth, we identified the serovar-
specific pathogenicity of U. parvum in this study, and
further investigation of U. urealyticum is needed. Finally,
there may be selection bias, as our sample was recruited
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from hospital outpatient clinics. We aspire to mitigate
this bias in future research.

Conclusion

We identified heterogeneous associations between dif-
ferent U. parvum serovars and various clinical symptoms
and that the lack of discrimination of U. parvum sero-
vars could result in a percentage of infected patients not
exhibiting clinical symptoms when patients are tested
only U. parvum. These findings highlight the impor-
tance of testing for different U. parvum serovars. We also
found that in contrast to U. parvum serovar 3, U. parvum
serovar 14 had a strong positive association with cervi-
citis-related symptoms, indicating a specific pathogenic
mechanism of U. parvum serovar 14 that needs further
investigation. Owing to the cross-sectional nature of our
study and the lack of applicability to women outside, fur-
ther investigations need to be conducted with a prospec-
tive cohort consisting of multiple ethnic groups to verify
the results of our study.

Abbreviations

U. urealyticum Ureaplasma urealyticum

U. parvum Ureaplasma parvum

MBA Multiple-banded antigen

STls Sexually transmitted infections
HPV Human papillomavirus

CIN Cervical intraepithelial neoplasia
N. gonorrhoeae  Neisseria gonorrhoeae

M. hominis Mycoplasma hominis

M. genitalium Mycoplasma genitalium
HSV-2 Herpes simplex virus type 2
C. trachomatis Chlamydia trachomatis
T.vaginalis Trichomonas vaginalis

BV Bacterial vaginosis

AV Aerobic vaginitis
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