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Abstract 

Background The purpose of this study was to study the infection rates of Chlamydia trachomatis (CT), Ureaplasma 
urealyticum (UU), Neisseria gonorrhoeae (NG), and co-infections with human papillomavirus (HPV) in a hospital gyne-
cology outpatient clinic in the Haikou region in 2021.

Methods From January to December 2021, the Women and Children Medical Center of Hainan Province collected 
2389 samples of cervical exfoliated cells and vaginal swab specimens from gynecologic outpatients. The samples 
were then analyzed descriptively for data, and the detection rate of each pathogen was tallied. All vaginal swabs were 
obtained for CT, UU, and NG DNA testing, and cervical exfoliated cells for HPV genotyping. Analyses were performed 
on the detection rate of each group.

Results In 2389 samples, the frequencies of pathogen identification among the 2389 samples were as follows: UU 
(58.43%); HPV (17.29%); CT (7.99%); and NG (0.38%). HPV, CT, UU, and NG were detected in 33.33%, 22.55%, 77.45%, 
and 2.94% of individuals between 15 and 20 years of age, respectively. The detection rates of CT, UU, and NG were 
substantially greater in the HPV-positive group than the the HPV-negative group (P < 0.05).

Conclusion Among gynecologic outpatients at a hospital in the Haikou area, the probability of mixed infections 
with genital tract pathogens in HPV-positive patients was higher compared to HPV-negative patients. Reproductive 
tract infections are becoming more prevalent in younger people, hence adolescent sexual health education needs 
improvement.
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Background
Sexually transmitted infections (STIs) are a major source 
of morbidity globally in both men and women. The use 
of Pap smears and human papillomavirus (HPV) testing 
has led to an increase in the detection of cervical dys-
plasia and a decrease in the incidence of cervical cancer. 
Mobile health programs enhance cancer screening rates 
in the general population and are of enormous value in 
poor nations. New screening technologies, such as p16/
Ki67, HPV self-testing, and the application of artificial 
intelligence in colposcopy evaluations, should be widely 
used. Focusing on pre-cancerous lesions and develop-
ing tools for women at risk for persistent and recurrent 
pre-cancerous lesions following primary conization (also 
containing cryo, LEEP), and identifying groups at high 
risk have clinical value [1–3].

HPV infections are among the most common STIs, and 
chronic infections with high-risk HPV (hrHPV) geno-
types can lead to cervical dysplasia and invasive cervi-
cal cancer [4]. Common STI pathogens include HPV, 
Chlamydia trachomatis (CT), Ureaplasma urealyticum 
(UU), and Neisseria gonorrhoeae (NG). HPV infections 
are linked to vaginal microenvironmental dysfunction. 
Compared to women without bacterial vaginosis (BV), 
the hrHPV infection rate in women with BV is increased 
[5]. Furthermore, BV is associated with chronic cervical 
inflammation that injures the mucosal barrier and com-
promises immune protection to promote hrHPV infec-
tion [6]. For example, condyloma acuminata and cervical 
lesions are caused by chronic HPV infection, and hrHPV 
has a significant role in the development of cervical can-
cer [7]. HPV is known to be the leading cause of cervi-
cal cancer (CC), accounting for approximately 311,000 
deaths globally in 2018 [8]. Moreover, a small percent-
age of women with HPV will develop a pre-cancerous 
or malignant lesion [4]. Although no statistically signifi-
cant link was demonstrated between hrHPV and other 
STI co-infections and positive colposcopy findings in the 
study population, the high prevalence of STIs in hrHPV-
positive women, who are at higher risk of developing the 
cervical disease, suggests that screening for genital infec-
tions in this population may be important [4].

CT, UU, and NG infections can result in symptoms, 
including urethritis and vaginal itching, as well as repro-
ductive health issues, including infertility or miscarriage. 
NG, UU, and CT infections increase the risk of HPV-
mediated cervical malignancies [4, 8, 9], thus early detec-
tion of genital tract pathogens is essential for cervical 
cancer prevention and early cervical cancer screening.

To determine the infection rates of CT, UU, and NG, 
and co-infections with HPV in the Haikou area of 
China, we analyzed the overall detection of HPV, CT, 
UU, and NG and the age distribution of patients in the 

Gynecology Outpatient Clinic of Hainan Women and 
Children Medical Center between January and December 
2021.

Data and methods
Study data
From January to December 2021, a total of 2389 con-
secutive female patients (mean age, 31.21 ± 4.24  years) 
who attended our Gynecology Outpatient Clinic with a 
suspected genital tract infection were chosen. The inclu-
sion criteria were as follows: 1. at least one symptom of 
vaginitis (abnormal vaginal discharge; painful or frequent 
urination; vaginal itching, burning, or irritation; pain-
ful or uncomfortable intercourse; and vaginal odor); 2. 
sexual abstinence for ≥ 24 h; 3. No vaginal douching and 
no medications for ≥ 72 h; 4. no current menses; and 5. 
signed informed consent. The exclusion criteria were as 
follows: atypical genital bleeding; use of medications; and 
unwillingness to participate in the study.

Sample collection
Vaginal swabs were obtained from all patients and tested 
for CT, UU, and NG DNA, as well as cervical exfoli-
ated cells for HPV genotyping. The sampling procedures 
were carried out in accordance with the sampling tube 
instructions (National Instrument Note, 20,153,401,995). 
The sample delivery and preservation methods were 
standardized. The purpose of the study was explained 
to eligible patients, who gave informed consent before 
authorization by the Medical Ethics Committee of 
the Hainan Women and Children Medical Center 
(HNWCMC2021-40).

Research methods
Nucleic acid extraction
Nucleic acids were extracted from samples using a mag-
netic bead technique kit from Shenzhen Ruineng Biotech-
nology Co., Ltd. (Shenzhen, China), and the procedure 
was followed precisely according to the kit’s instructions 
(National Instruments Note, 20,143,801,491).

HPV detection
The sample HPV typing test was performed using a 
21 HPV GenoArray Diagnostic Kit (HBGA-21PKG; 
Hybribio, Kowloon Bay, Hong Kong, China), which 
detects HPV 6, 11, 16, 18, 31, 33, 35, 39, 42, 43, 44 45, 51, 
52, 53, 56, 58, 59, 66, 68, and cp8304. All steps were per-
formed according to the manufacturer’s instructions. The 
detection instrument was a Hema-9600 [10] with fully 
automated nucleic acid molecular hybridization technol-
ogy (HBHM-9001A; Hybribio).
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CT, UU, and NG assays
The Chlamydia trachomatis Diagnostic Kit (DA 0071), 
Ureaplasma urealyticum Diagnostic Kit [DA1120], and 
Neisseria gonorrhoeae Test Kit [DA0063] (all from The 
DaAn Gene Co., Ltd., Guangdong, China) were used to 
identify the three pathogens, and all procedures were 
carried out in accordance with the instructions on the 
kit packaging. The SLAN-96P real-time fluorescence 
quantitative PCR apparatus was used for DNA detec-
tion (Shanghai Toujing Life Technology Co., Shanghai, 
China).

Statistical methods
SPSS 26.0 software was used for statistical analyses. 
Count data are expressed as n(%). A χ2 or Fisher exact 
test was used to compare rates between groups, as indi-
cated. The difference was considered statistically signifi-
cant at a P < 0.05.

Results
Detection of HPV, CT, UU, and NG in 2389 patient samples
Among the samples tested, UU had the highest detec-
tion rate (56.84% [1358/2389]), followed by HPV (17.29% 
[413/2389]), CT (7.99% [191/2389]), and NG (0.38% 
[9/2389]).

Detection of different HPV subtypes
A total of 413 HPV-positive samples were detected from 
2398 patients. The total HPV subtype detection rate was 
16.71% (69/413); HPV subtype 52 had the highest detec-
tion rate. All 21 HPV subtypes detectable in the kit were 
detected. The detection rates for the top 5 HPV subtypes 
were as follows: 52 (69/413); 16 (56/413); 39 (38/413); 51 
(38/413); and 58 (36/413).

Detection of pathogens in different age groups (Table 1)
The results showed that the HPV, CT, UU, and NG 
detection rates were the highest in the 15–20 year age 
group; the difference was statistically significant com-
pared with the other age groups (P < 0.05). The HPV, 
CT, UU, and NG detection rates in the 21–25 year age 
group was second only to the 15–20  year age group; 
the difference was statistically significant compared 
with the other age groups (P < 0.05). There were no 
significant differences in the HPV, CT, UU, and NG 
detection rates between the 26–30, 31–35, 36–40, 
and ≥ 41 year age groups.

Mixed HPV infections with CT, UU, and NG (Table 2)
The samples were separated into groups of HPV-positive 
and -negative patients based on the results of HPV tests. 
CT, UU, and NG detection in each group was recorded. 
CT [(57 (13.80%) vs. 134 (6.78%); P < 0.001], UU [323 
(78.21%) vs. 1035 (52.38%); P < 0.001], and NG [6 (1.45%) 
vs. 3 (0.15%); P < 0.001] detection rates were significantly 
higher in the HPV-positive group than the HPV-negative 
group.

Table 1 Detection of pathogens in different age groups [n(%)]

HPV Human papillomavirus, CT Chlamydia trachomatis, UU Ureaplasma urealyticum, NG Neisseria gonorrhoeae

a: P < 0.05 when compared with groups 21–25 (P = 0.013), 26–30 (P = 0.008), 31–35 (P = 0.008), 36–40 (P = 0.008), and ≥ 41 (P = 0.005); b: P < 0.05 when compared with 
groups 26–30 (P = 0.022), 31–35 (P = 0.025), 36–40 (P = 0.022), and ≥ 41 (P = 0.017)

Age (year) n HPV CT UU NG
Positive cases Positive cases Positive cases Positive cases

15 ~ 20 102 34 (33.33%)a 23(22.55%)a 79(77.45%)a 3(2.94%)a

21 ~ 25 547 114(20.84%)b 72(13.16%)b 345(63.07%)b 4(0.73%)b

26 ~ 30 816 125(15.32%) 42(5.15%) 447(54.78%) 1(0.12%)

31 ~ 35 505 84(16.63%) 44(8.71%) 249(49.31%) 0(0.00%)

36 ~ 40 241 36(14.94%) 8(3.32%) 136(56.43%) 0(0.00%)

> 41 ~ 178 20(11.24%) 2(1.12%) 102(57.30%) 1(0.56%)

Total 2389 413(17.29) 191(7.99%) 1358(56.84%) 9(0.38%)

Table 2 Co-infection of HPV with CT, UU, and NG [n(%)]

CT Chlamydia trachomatis, UU Ureaplasma urealyticum, NG Neisseria gonorrhoeae, 
HPV Human papillomavirus

Groups CT UU NG
Positive cases Positive cases Positive cases

HPV-positive (n = 413) 57(13.80%) 323(78.21%) 6(1.45%)

HPV-negative 
(n = 1976)

134(6.78%) 1035(52.38%) 3(0.15%)

Total (n = 2389) 191(7.99%) 1358(56.84%) 9(0.38%)

χ2 value 22.886 92.904 15.405

P value < 0.001 < 0.001 < 0.001
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Discussion
The HPV detection rate in outpatients was 17.29%, 
which is higher than the average rate of HPV carriage 
among Chinese women countrywide (11.2%) [11]. The 
top 5 HPV subtypes found in Haikou were 52, 16, 39, 
51, and 58, which were different from the top HPV sub-
types in Shanghai and Yunnan, according to the data 
currently available, which suggests that geographic 
location may have an impact on the HPV subtype 
detection rate [12, 13].

The findings of this study demonstrated that among 
patients with an HPV infection, there was a higher likeli-
hood of detecting CT, UU, and NG in cervical samples. 
The pathogen identification frequencies among the 2389 
samples were as follows: UU (58.43%); HPV (17.29%); 
CT (7.99%); and NG (0.38%). The prevalence of UU has 
been reported to be 20% in South America, 41.9% in Italy, 
and 51.5% in Africa [14]. The highest prevalence of UU 
(53.8%) was detected in females between 34 and 39 years 
of age [15].

HPV is mostly spread via sexual contact, and the like-
lihood of infection increases with age and sexual behav-
ior [16]. HPV is important, but not sufficient for cervical 
carcinogenesis, suggesting the involvement of other vari-
ables. The vaginal microbiota is a key factor in managing 
HPV infections, and depending on the composition, the 
vaginal microbiota can alter the vaginal mucosa micro-
environment against viral infections. Numerous stud-
ies have shown an increased risk of HPV infection at 
younger ages [17–19]. Specifically, the highest prevalence 
of HPV occurs among adolescents and young adults 
between the ages of 15 and 25  years. It has been esti-
mated that > 75% of new HPV infections occur in indi-
viduals in this age range [17–19]. This increased risk of 
infection in younger women has been linked to a lack of 
adaptive immune responses and/or a relatively large area 
of cervical epithelium undergoing squamous metaplasia 
in this age group, which may increase the opportunity for 
HPV DNA to infect the basal cell layer, then proliferate 
[20]. In agreement with local and international studies 
[21], we showed that the 15–25 year age range in gyneco-
logic outpatients has a higher HPV detection rate than 
the total HPV detection rate.

The primary pathogens that cause infections of the 
female reproductive system are HPV, CT, UU, and NG. In 
the early stages of infection, these pathogens frequently 
cause no or moderate symptoms, which makes it easy 
to miss the diagnosis or misdiagnose the symptoms and 
cause recurring sickness, such as non-gonococcal ure-
thritis, pelvic inflammation, gonorrhea, and chronic cer-
vicitis [21, 22]. In contrast, mixed infections caused by 
several different microorganisms make it difficult to diag-
nose and treat the illness.

The probability of HPV infection is increased by pol-
ymicrobial co-infections in addition to age-related vari-
ables [23]. Cervical mucosa, which acts as a protective 
barrier against pathogens penetrating the upper female 
reproductive system, is frequently challenged by patho-
gens and dysbiosis [24]. Co-infections are becoming 
more common in clinical practice, although the role in 
disease progression is unknown [25]. Co-infections with 
CT are more common in patients with invasive cervical 
and ovarian malignancies [26]. The impact of co-existing 
HPV and CT in a stem cell could be detrimental to cel-
lular and genomic integrity, thus promoting neoplastic 
growth. CT and HPV generate unique transcriptional 
and post-translational responses, resulting in distinct 
reprogramming of host cell processes. Surprisingly, CT 
interferes with HPV-induced mechanisms that maintain 
cellular and genomic integrity, such as mismatch repair 
in stem cells [25].

CT is recognized as a significant co-factor for HPV 
infections [27]. Other STIs are increasingly being impli-
cated as co-factors in the development of cervical cancer 
in HPV-positive women [28]. Interactions between HPV 
and other infections with comparable mucosal locations 
may hasten cancer progression by increasing HPV rep-
lication and infection persistence. Recent studies, for 
example, have reported an elevated risk of cervical can-
cer in women infected with HPV and CT [29]. Both HPV 
and CT cause changes in the cervical immune system 
and vaginal microbial ecosystem. According to Seraceni 
et al. [30], cervical cancer caused by HPV is strongly cor-
related with the presence of a CT infection, which makes 
it easier for HPV to infect cervical epithelial cells. In con-
trast to an HPV mono-infection, Khan et al. [31] showed 
that a CT-HPV mixed infection is related to modifica-
tions in the oncogenic protein expression profile of cer-
vical cells, which may help increase HPV infection when 
CT is present.

The pathogen that most often infects the female repro-
ductive system, UU, has recently been identified as one of 
the major risk factors for the development of HPV infec-
tion or cervical dysplasia [32]. When UU and HPV infec-
tion are combined, Wang et al. [33] reported an elevated 
incidence of high-grade squamous intraepithelial lesions 
plus invasive cervical cancer [33]. Based on a meta-anal-
ysis, Ye [32] concluded that UU enhanced the rate of 
high-risk HPV infections and the progression to cervical 
cancer. Co-infection with HPV and UU has previously 
been reported in males with urethritis [34].

Although there were few NG-positive samples and a 
low incidence of NG infections in our study, we did show 
a higher rate of NG infections in the HPV-positive group. 
In addition, we showed a low rate of NG infections and 
a low number of NG-positive samples, but still found 
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an increased rate of NG infections in the HPV-positive 
group. This finding suggests that NG infections also 
increase the risk of HPV infections and should be taken 
seriously and treated aggressively. Early identification of 
genital tract pathogens is important for the prevention 
and treatment of cervical cancer [21, 23], and because 
infection with CT, UU, and NG enhances HPV-medi-
ated cervical malignant lesions [35], our study showed 
the practical value of combined HPV, UU, CT, and NG 
testing.

It is currently thought that genital tract infections are 
closely associated with age and sexual habits. An age-
specific prevalence curve revealed that HPV infections 
first peak in women < 30 years of age, then decrease with 
age, but the curve surges again at approximately 50 years 
of age and peaks again in women ≥ 60  years of age [6]. 
Due to the lack of sex education, adolescents are more 
likely to have high-risk sexual behavior and neglect treat-
ment. From a biological perspective, adolescent females 
are more likely to be infected with reproductive tract 
pathogens, such as CT and HPV, due to reduced cervical 
mucus secretion and increased cervical ectopion [36, 37]. 
According to a study conducted from 2005–2015, the ini-
tial age of cervical cancer in Chinese women appears at 
approximately 25 years of age, then the incidence of cer-
vical cancer tends to decrease [38].

In recent years it has been shown that the time of 
sexual debut in the adolescent student population (15–
24 years of age) in China is earlier and the proportion is 
increasing, and understanding the need for self-protec-
tion is inadequate [39]. A questionnaire survey related 
to the sexual behavior of adolescents 14–24 years of age 
in Michigan (USA) pointed out that the lack of family 
and school education, as well as proper guidance by the 
media, is the cause of high-risk sexual behavior among 
adolescents [40]. According to recent research, Blacks are 
less likely to be infected with HPV16 than Whites, based 
on self-reported race and genomic ancestry-relevant 
markers, but are more likely to be positive for other car-
cinogenic HPV strains [41, 42].

In this study we found a greater incidence of geni-
tal tract pathogens in patients between 15 and 25  years 
of age in the Haikou gynecologic clinics, indicating an 
uptick in genital tract infections in this age range. It is 
more important to increase reproductive health knowl-
edge from families, schools, and networks to give early 
reproductive health education to young women and 
encourage them adopt prudent reproductive health 
protective measures. Indeed, this is crucial to lowering 
reproductive tract infections and enhancing the repro-
ductive health of women who are ready to have children. 
Small quantities of RNA and DNA, as well as tumor 
cells, may now be detected in peripheral blood using 

technological advances, such as circulating tumor cells 
(CTCs), circulating cell-free DNA (cfDNA), circulating 
HPV DNA, and miRNA. Circulating molecules and bio-
markers have the potential to be a useful diagnostic and 
prognostic tool for cervical cancer [43]. Furthermore, the 
presence of hrHPV types, positive endocervical margins, 
HPV persistence, and the omission of HPV vaccination 
after conization increase the risk of developing cervical 
dysplasia persistence and/or recurrence independent of 
the risk of developing cervical dysplasia persistence and/
or recurrence. A nomogram is an effective tool for coun-
seling women about their likelihood of cervical lesion 
recurrence following initial conization. Triaging high-risk 
patients in specialist facilities and tailoring more suitable 
follow-up plans may be beneficial [44].

The single hospital from which all of the patients were 
chosen was a limitation that may have reduced the ability 
to generalize the findings. Future studies should include 
subgroup studies on age and co-infections with HPV, CT, 
UU, and NG.

Conclusions
Among Haikou gynecologic outpatients, UU is the geni-
tal tract infection with the highest detection rate. To 
prevent mixed infections from genital tract pathogens, 
integrated polymicrobial testing is warranted in HPV-
positive carriers. Reproductive tract infections are on 
the rise in younger people, thus adolescent sexual health 
education must be improved.
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