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Abstract. Cervical cancer, one of the high‑incidence female 
malignant tumors, has predominated in recent years. Persistent 
infection with high‑risk human papillomavirus (HR‑HPV) is 
the main cause of cervical cancer. Studies have shown that infec‑
tion with certain sexually transmitted disease (STD) pathogens 
increases the risk of persistent infection with HR‑HPV and is a 
high‑risk factor for cervical cancer. In the present study, cervical 
specimens were collected for Thinprep cytology test detection, 
while DNA of cervical cells was extracted for HPV genotyping 
and detection of 10 STD pathogens, including Neisseria gonor-
rhoeae, Chlamydia trachomatis (CT), Ureaplasma urealyticum, 
Ureaplasma urealyticum parvum (Uup)1, Uup3, Uup6, Uup14, 
Mycoplasma hominis  (Mh), Mycoplasma genitalium  (Mg) 
and herpes simplex virus  II. Significant differences were 
observed between CT, Mh and Mg infections and HR‑HPV 
infection (P<0.05). In addition, CT, Uup3, Uup6 and Mh infec‑
tions were associated with HR‑HPV infection (odds ratio >1; 
P<0.05). In the comparison of Uup3, Uup6 and Mg infections 
between the cervical intraepithelial neoplasia  (CIN) group 

and the control group, statistically significant differences were 
observed (P<0.05). In conclusion, the incidences of CT, Mh and 
Mg infections were similar with HR‑HPV infection. CT, Uup6, 
Mh and Mg infections were risk factors for HR‑HPV infection. 
Finally, Uup3, Uup6 and Mg were risk factors of CIN.

Introduction

Cervical cancer is one type of gynecological malignant tumors 
with a high incidence rate, which continues to increase year by 
year. Annually, over 200,000 patients die of cervical cancer 
worldwide,  (1) and 85% of patients are from developing 
countries (1,2). Moreover, cervical cancer has predominated 
in China (3). Cervical cancer can threaten the lives and life 
quality of women and can impose a heavy burden on the social 
health system if not addressed promptly and adequately (4).

The female reproductive tract is a complex humid envi‑
ronment that harbors large numbers of microbial organisms 
that can cause genital disease. However, it remains largely 
unknown whether these organisms work together to contribute 
to disease pathogenesis or whether they work against each 
other. It is also not clear which organisms protect our health 
and which are detrimental. Among these microbial organisms, 
persistent high‑risk human papilloma virus (HR‑HPV) is the 
main cause of cervical cancer (5). However, cervical cancer 
does not occur in all patients with HPV; a minority of patients 
with weak immunity that cannot clear HR‑HPV develop 
persistent infection (6).

A variety of sexually transmitted disease (STD) patho‑
gens are associated with cervical cancer and account for a 
high proportion of cervical cancer cases, suggesting that 
STD pathogens play an important role in promoting HR‑HPV 
carcinogenesis (7,8). Studies have shown that infection 
with certain STD microorganisms may reduce immunity, 
leading to immune evasion and increasing the risk and 
severity of HR‑HPV infection (6,9). Other pathogens, such 
as Chlamydia trachomatis (CT), Ureaplasma urealyticum 
(Uu), and Mycoplasma hominis (Mh), which colonize in 
the genitourinary tract, can also cause damage, with people 
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becoming infected through sexual contact. CT can cause 
tissue and organ damage, and often co‑infects with other 
STDs (10). Mycoplasma are a genus of bacteria that mainly 
adhere to the host's susceptible cell receptors through their 
special surface structure, which damage host cells (11,12). 
Generally, Uu is divided into two clusters, or ‘biovars’: 
Biovar 1/parvo biovar, and biovar 2/T960 (13‑15). Biovar 1 
consists of four genotypes (1, 3, 6 and 14), while biovar 2 
includes 10 serovars (15,16) It is widely accepted that biovar 
1 shows fewer signs of danger, while biovar 2 tends to be 
much more aggressive (17).

Herpes simplex virus  II (HSV  II) can cause cervical 
cancer  (18). Specifically, HSV‑DNA integrates into the 
DNA of normal tissues, leading to cervical cell lesions (19). 
Some studies have shown that other STD pathogens, such as 
Neisseria gonorrhoeae (NG), Uu, Mh, and Mycoplasma geni-
talium (Mg), can cause repeated infections and change 
the environment of the genital tract to induce cervical 
cancer  (20,21). The risk of cervical cancer increases with 
elevation of microbial species in the context of genital tract 
infection (22).

The complex micro‑ecosystem of vagina poses a huge 
challenge to identifying the true role of each organism. In 
our study, we found that Ureaplasma urealyticum parvum 
(Uup6), Uup3, CT, and Mh may contribute to persistent HPV 
infection, and Uup3, Uup6, and Mg may accelerate cervical 
intraepithelial neoplasia (CIN) development and thus aggra‑
vate HR‑HPV‑mediated cervical cancer.

Materials and methods

Methods. This was a retrospective study, ranging from 2012 to 
2017, because of which patients' consent was exempted. A total 
of 668 patients who underwent gynecological examination were 
selected from the Department of Gynecology and Gynecology 
at our hospital from December 2012 to March 2017. The age 
of patients ranged between 20 and 60 years with a median of 
33 years. All patients were subject to the Thinprep cytology 
test (TCT), while cervical cells were subject to DNA extrac‑
tion. This study was approved by the relevant ethics committee 
(acceptance number 2016‑Y‑02), 11 out of 13 members agreed 
with the consent exemption.

Cervical cell collection. The cervix was exposed, and cervical 
secretions were wiped with a speculum by the doctor. A 
specialized sampling brush, which was used to collect and 
preserve cervical cells, was inserted into the cervix for five 
cycles to collect exfoliated epithelial cells from the cervix 
and cervical canal. The sample brush head was placed in a 
vial containing a preservative solution and labeled with the 
identification number of the subject. This was then used to 
determine the HPV genotype.

TCT. A special neck brush was used by the gynecologist to 
collect exfoliated cells from the outer cervix and cervical canal 
for five cycles, which were then washed in vials containing 
a preservative solution. A liquid‑based cell smear kit was 
applied to prepare a uniform thin‑layer smear, followed by 
95% alcohol fixation, staining and reading. The 2001 Bethesda 
System was adopted in the procedure.

HPV genotyping. HPV genotyping was performed after 
polymerase chain reaction amplification using a HPV geno‑
typing kit (Chaozhou Hybribio Biological Technology, China). 
HPV genotyping flow‑through hybridization and gene chip 
technology (Chaozhou Hybribio Biological Technology) were 
employed. The chip covered 21 HPV genotypes, including 6, 
11, 42, 43, 44, 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 
68 and 81. Direct hybridization of DNA fragments on a chip 
was achieved by observation of colorimetric changes.

Detection of ten STD pathogens. Cervical secretions were 
tested for 10 pathogens, and flow‑through hybridization was 
used with a nucleic acid detection kit (Chaozhou Hybribio 
Biological Technology) to identify NG, CT, Uu, Uup1, Uup3, 
Uup6, Uup14, Mh, Mg and HSV II.

Statistical analysis. Categorical data were compared using the 
χ2 test or Fisher's exact test to evaluate the relationship between 
the incidence of HPV and other pathogens, and forward step‑
wise logistic regression was used for the multivariate analysis. 
Each of the 10 pathogens was extracted to evaluate the correla‑
tion with HPV infection, and then the P‑value was decided. 
P<0.05 was considered statistically significant. Statistical 
analysis was performed using SPSS 19.0 software.

Results

Incidence of each pathogen. As listed in Table  I, 61% of 
patients were infected with HPV. A total of 19.16% of patients 
were infected with Uup3, 17.07% with Mh, 15.72% with Uup6, 
11.83% with Uu, 9.88% with Uup1, and 9.43% with CT. Mg 
infection, HSV infection, and NG infection were rare, affecting 
1.5, 1.12 and 0.3% of patient, respectively.

Relationship between HPV infection and other pathogens. In 
the distribution analysis between HPV infection and infection 
with other pathogens in the genital tract, there was a significant 
difference in the distribution of CT, Mh and Mg with HPV infec‑
tion (P<0.05), however, the difference between the distribution of 
other pathogens and HPV infection was not significant (Table II).

Table I. Rates of 668 patients infected with pathogens.

Pathogen	 Number	 %

Human papilloma virus	 415	 62.13
Neisseria gonorrhoeae	 2	 0.30
Chlamydia trachomatis	 63	 9.43
Ureaplasma urealyticum	 79	 11.83
Uup1	 66	 9.88
Uup3	 128	 19.16
Uup6	 105	 15.72
Uup14	 2	 0.30
Mycoplasma hominis	 114	 17.07
Mycoplasma genitalium	 10	 1.50
Herpes simplex virus II	 8	 1.12

Uup, Ureaplasma urealyticum parvum.
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Logistic regression was used to evaluate the impact 
of pathogens on HPV infection and other pathogens as 
in Table III. There was an obvious difference when data were 
evaluated between HPV infection and CT, Uup3, Uup6, and 
Mh, indicating that these three pathogens contribute to HPV 
infection (Table III). In contrast to the results shown in Table I, 
no significant difference was observed between Mg infection 
and HPV infection (P>0.05). NG, Uup1, Uu, Uup14, Mg, and 
HSVII had no impact on HPV infection (P>0.5).

Risk analysis of infection and CIN. As shown in Table IV, 
Uup3, Uup6 and Mg infections increase the risk of CIN. 
The proportion of patients with Uup3 infection in the CIN 
group and the control group was 27.27% (33/121) and 
17.37% (95/547), respectively, and the risk of CIN increased 
in patients with Uup3 infection [odds ratio (OR)=1.946; 95% 
confidence interval (CI), 1.200‑3.155; P=0.007]. Furthermore, 

the proportion of patients with Uup6 infection was 
20.66% (25/121) and 14.63% (80/547) in the CIN group and the 
control group (Table IV), respectively, indicating an increased 
risk of CIN in patients with Uup6 infection (OR=1.712; 
95% CI 1.009‑2.904; P=0.046). The proportion of patients 
with Mg infection was 4.13% (5/121) and 0.91% (5/547) in 
the CIN group and the control group (Table IV), respectively, 
suggesting that the risk of CIN was higher in patients with Mg 
infection (OR=4.207; 95% CI, 1.160‑15.260; P=0.029).

Given the variable impact of different pathogens on 
cervical lesions, cervical lesions were classified. CIN1 
was defined as a low‑grade squamous intraepithelial lesion 
(LSIL), while CIN2 and CIN3 were defined as high‑grade 
squamous intraepithelial lesions (HSILs). Patients were more 
likely to develop cervical cancer with HSILs. Table V shows 
that among all pathogens, patients who were positive for 
Uup3, Uup6, or Mh demonstrated low‑grade and high‑grade 

Table II. Association between HPV infection and infection with other sexually transmitted pathogens.

Pathogen infection status	 Total, n	 HPV(‑), n	 HPV(+), n	 HPV(+), %	 χ2	 P‑value

Neisseria gonorrhoeae	 				    1.223	 0.385a 
  Negative	 666	 253	 413	 62.01		
  Positive	 2	 0	 2	 100.00		
Chlamydia trachomatis	 				    5.848	 0.016b

  Negative	 605	 238	 367	 60.66		
  Positive	 63	 15	 48	 76.19		
Ureaplasma urealyticum	 				    2.139	 0.144
  Negative	 589	 229	 360	 61.12		
  Positive	 79	 24	 55	 69.62		
Uup1					     0.285	 0.593
  Negative	 602	 230	 372	 61.79		
  Positive	 66	 23	 43	 65.15		
Uup3					     2.953	 0.086
  Negative	 540	 213	 327	 60.56		
  Positive	 128	 40	 88	 68.75		
Uup6					     3.692	 0.055
  Negative	 563	 222	 341	 60.57		
  Positive	 105	 31	 74	 70.48		
Uup14					     0.125	 0.471a

  Negative	 666	 252	 414	 62.16		
  Positive	 2	 1	 1	 50.00		
Mycoplasma hominis	 				    20.159	 <0.001b

  Negative	 554	 231	 323	 58.30		
  Positive	 114	 22	 92	 80.70		
Mycoplasma genitalium	 				    6.189	 0.008a,b

  Negative	 658	 253	 405	 61.55		
  Positive	 10	 0	 10	 100.00		
Herpes simplex virus II					     0.570	 0.231a 
  Negative	 660	 251	 409	 61.97		
  Positive	 8	 2	 6	 75.00		

aAnalyzed using Fisher's exact test. bP<0.05. Uup, Ureaplasma urealyticum parvum; HPV, human papilloma virus. 
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disease. Patients with LSILs caused by Uup3, Uup6, and 
Mh accounted for 18.75, 15.24 and 17.54% of total patients, 
respectively. Patients with HSILs caused by Uup3, Uup6, 
and Mh accounted for 7.03, 8.57 and 5.26% of total patients, 
respectively (Table V). CT and Uu accounted for 9.53 and 
10.11% of LSILs, respectively, and 4.76 and 4.50% of HSILs, 
respectively (Table V). The number of patients who were 
positive for other pathogens was too small to evaluate the 
effect of these pathogens on CIN progression.

Discussion

HPV infection is a common STD, with an infection rate of 
approximately 10% (3) According to data, there are approxi‑
mately 70 million females with HPV infection in China, and 
the incidence of cervical cancer in China is approximately 
130,000 per year (1,3). There is a certain correlation between 
infection with different pathogens in the genital tract and 
cervical cancer and CIN  (23). Therefore, cervical cancer 
researchers are actively searching for synergistic factors of 
HPV carcinogenesis.

The warm and humid environment of the vagina makes 
it an ideal habitat for microorganisms. Pathogens, including 
viruses, bacteria, fungi, and mycoplasma, can easily breed. 
Many of these organisms can cause disease in the reproductive 
tract. Until now, little has been known about the distribution 
of pathogenic species in the vaginal and their exact role in 
cervical disease formation. In this study, HPV and 10 other 
pathogens were evaluated. The incidence of HPV was 61%. 
Approximately 19.16% of patients were affected by Uup3, 
17.07% with Mh, 15.72% with Uup6, 11.83% with Uu, 9.88% 
with Uup1, and 9.43% with CT. In line with previous study, (24) 
Uu, Uup1, Uup3, Uup6, and Uup14 were most frequently 
observed. 

Furthermore, CT, Mh, and Mg shared similar infection 
rates with HR‑HPV (Table II; P<0.05). Possible synergistic 
effects also existed between CT, Uup3, Uup6, and Mh infec‑
tions and HR‑HPV infection (Table III). CT, Uup3, Uup6, 
and Mh likely contribute to HPV infection (25), which was 
different from the species that contributed to CIN progression. 

Combined with the results presented in Table IV, we note 
that it is not the exact same species of pathogen with that 
in Table  III, that could promote CIN progression though 
mostly similar. CT, Uup3, Uup6, and Mg played an obvious 
role in CIN formation and progression. However, in patients 
infected with multiple pathogens and who harbored HR‑HPV 
infection, it was not clear if it was the latter that was largely 
responsible for CIN formation and progression, especially in 
patients with HSILs.

Table V shows that a large proportion of patients with 
Uup3, Uup6, and Mh had HSILs and LSILs. Patients infected 
with Uup3, Uup6, and Mh with LSILs accounted for 18.75, 
15.24 and 17.54% of total patients, respectively. Patients 
infected with Uup3, Uup6, and Mh with HSILs accounted for 
7.03, 8.57 and 5.26% of total patients, respectively (Table V). 
Patients with HSILs were much more likely to develop 
cervical cancer. Thus, certain species of Uu are hazardous, 
including Uup3and Uup6. However, the role of HR‑HPV in 
HSIL formation is still unknown, because not a small part of 
patients shares multi‑pathogen coinfection (26). This could be 
because different HPV genotypes have synergistic effects on 
each other (7) or because different pathogens promote HPV 
persistence. More data will be required to differentiate and 
distinguish the role of each of these pathogens.

Our results show that HR‑HPV infection increases the 
risk of CT infection, but there was no significant correlation 
between CT infection and CIN, possibly due to the small 
sample size, which may have failed to detect a sufficient 
number of positive patients. It was speculated that CT could 
increase the risk of CIN by synergistic action with HPV. No 
relationship was identified between Mh and CIN, but Mh did 
have a positive effect on HPV persistence.

It is believed that Uu is related to the persistence of 
HPV infection and early cervical cytological changes  (27). 
The rate of Uu infection increases in HPV‑positive patients 
and in patients with cervical cancer, and the increase in 
Uu infection is a significantly correlated with the occur‑
rence of CIN caused by HPV infection (26,28); therefore, it 
should be highly valued when Uu infection is combined with 
HPV infection (28), which was frequently observed in our study.

Table III. Logistic regression analysis of human papilloma virus infection and infection with sexually transmitted pathogens.

	 Regression	 Standard
Pathogen	 coefficient	 deviation	 Wald	 P‑value	 Odds ratio	 95% CI

Neisseria gonorrhoeae	 20.764	 27838.316	 ‑	 0.999	 ‑	 0.000	 ‑
Chlamydia trachomatis	 0.693	 0.315	 4.852	 0.028a	 2.000	 1.079	 3.704
Ureaplasma urealyticum	 0.318	 0.272	 1.366	 0.242	 1.375	 0.806	 2.345
Uup1	 0.254	 0.286	 0.789	 0.374	 1.289	 0.736	 2.257
Uup3	 0.483	 0.221	 4.765	 0.029a	 1.622	 1.051	 2.503
Uup6	 0.591	 0.241	 5.998	 0.014a	 1.805	 1.125	 2.897
Uup14	 ‑0.246	 1.430	 0.034	 0.853	 0.767	 0.047	 12.645
Mycoplasma hominis	 0.979	 0.259	 14.338	 <0.001a	 2.663	 1.604	 4.422
Mycoplasma genitalium	 20.512	 12184.692	 0.000	 0.999	 ‑	 0.000	 ‑
Herpes simplex virus II	 0.554	 0.833	 0.443	 0.506	 1.741	 0.340	 8.908

aP<0.05. Uup, Ureaplasma urealyticum parvum. 
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Table IV. Pathogens and risk analysis of cervical lesions.

Pathogen infection status	 Control, n (%)	 Intraepithelial lesion, n (%)	 Odds ratio (95% CI)	 P‑value

Neisseria gonorrhoeae	 			 
  Negative	 545 (99.63)	 121 (100.00)	 1	
  Positive	 2 (0.37)	 0 (0.00)	 ‑	 ‑
Chlamydia trachomatis	 			 
  Negative	 493 (90.13)	 112 (92.56)	 1	
  Positive	 54 (9.87)	 9 (7.44)	 0.706 (0.334‑1.493)	 0.361
Ureaplasma urealyticum	 			 
  Negative	 481 (87.93)	 108 (89.26)	 1	
  Positive	 66 (12.07)	 13 (10.74)	 0.894 (0.462‑1.731)	 0.741
Uup1				  
  Negative	 491 (89.76)	 111 (91.74)	 1	
  Positive	 56 (10.24)	 10 (8.26)	 0.944 (0.455‑1.959)	 0.877
Uup3				  
  Negative	 452 (82.63)	 88 (72.73)	 1	
  Positive	 95 (17.37)	 33 (27.27)	 1.946 (1.200‑3.155)	 0.007a

Uup6				  
  Negative	 467 (85.37)	 96 (79.34)	 1	
  Positive	 80 (14.63)	 25 (20.66)	 1.712 (1.009‑2.904)	 0.046a

Uup14				  
  Negative	 545 (99.63)	 121 (100.00)	 1	
  Positive	 2 (0.37)	 0 (0.00)	 ‑	 ‑
Mycoplasma hominis	 			 
  Negative	 459 (83.91)	 95 (78.51)	 1	
  Positive	 88 (16.09)	 26 (21.49)	 1.358 (0.812‑2.271)	 0.244
Mycoplasma genitalium	 			 
  Negative	 542 (99.09)	 116 (95.87)	 1	
  Positive	 5 (0.91)	 5 (4.13)	 4.207 (1.160‑15.260)	 0.029a

Herpes simplex virus II				  
  Negative	 541 (98.90)	 119 (98.35)	 1	
  Positive	 6 (1.10)	 2 (1.65)	 1.618 (0.313‑8.346)	 0.566

aP<0.05. Uup, Ureaplasma urealyticum parvum.

Table V. Human papilloma virus and risk analysis of cervical lesions.

Pathogen	 Positive, n	 LSIL, n (%)	 HSIL, n (%)

Neisseria gonorrhoeae	 2	 0 (0.00)	 0 (0.00)
Chlamydia trachomatis	 63	 6 (9.53)	 3 (4.76)
Ureaplasma urealyticum	 89	 9 (10.11)	 4 (4.50)
Uup1	 76	 9 (11.84)	 1 (1.31)
Uup3	 128	 24 (18.75)	 9 (7.03)
Uup6	 105	 16 (15.24)	 9 (8.57)
Uup14	 2	 0 (0.00)	 0 (0.00)
Mycoplasma hominis	 114	 20 (17.54)	 6 (5.26)
Mycoplasma genitalium	 10	 2 (20.00)	 3 (30.00)
Herpes simplex virus II	 8	 0 (0.00)	 2 (25.00)

Uup, Ureaplasma urealyticum parvum; LSIL, low‑grade squamous intraepithelial lesion; HSIL, high‑grade squamous intraepithelial lesion.
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HSV II infection increases the risk of cervical cancer 
and has a synergistic effect with HPV (29). It has also been 
confirmed that HSV DNA integrates into the DNA of normal 
cells to promote cancer cell development (30). However, HSV 
II infection is mostly asymptomatic. The results of this study 
show that HSV II infection is associated with HR‑HPV infec‑
tion, but not with the CIN development. This can be ascribed 
to regional differences and low positive infection rates.

In conclusion, the incidence of cervical cancer is complex 
and is determined by a variety of factors. Multiple STD patho‑
gens are involved in the process of HR‑HPV carcinogenesis. 
Varying conclusions have been drawn worldwide, which may 
be related to differences in the prevalence and methods used to 
detect STD pathogens between regions. Overall, we show that 
CT, Uup3, Uup6, and Mh could be risk factors for HR‑HPV 
persistence and that Uup6, Uup4, and Mg significantly impact 
CIN progression.
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