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Objective: This study aimed to analyze the status of human papillomavirus (HPV) infections in women in Yunnan in the south of
China and their correlation with the grade of cervical intraepithelial neoplasia (CIN).
Methods: A total of 281 patients with CIN and HPV infection, diagnosed at Kunming Kingmed Institute for Clinical Laboratory
between January 2019 and June 2021, were enrolled as the subjects of the study and underwent HPV genotyping and cervical
histopathology.
Results: The mean age of the 281 patients was 42.3 years, and the median age was 42 years. There were 79 patients in the low-grade
squamous intraepithelial lesion (LSIL) group, and 202 patients in the high-grade squamous intraepithelial lesion (HSIL) group. The
proportion of 30–45 years old in HSIL group was 58%. Overall, single infections accounted for 76%, and HR-HPV infections accounted
for 90.1%. The most common HR-HPV subtypes in the two CIN groups were almost the same, including HPV16, HPV58 and HPV52.
The most common LR-HPV subtype in the two CIN groups was HPV43. There were no significant differences in ethnic and single or
multiple infection rates among different CIN groups. Single infection of HPV43 and HPV81 was found in minority HSIL patients.
Conclusion: HPV infection in Yunnan was dominated by single infection and HR-HPV. Patients aged 30 to 45 years were in the high
incidence of HSIL, and the most common HR-HPV subtypes were HPV16, HPV58, and HPV52. Single LR-HPV infection exists in
minority HSIL patients.
Keywords: human papillomavirus, cervical intraepithelial neoplasia, low-grade cervical intraepithelial neoplasia, high-grade cervical
intraepithelial neoplasia

Introduction
Cervical cancer is the fourth most common cancer in women, and, in 2020, there were 604,000 new cases of cervical
cancer and 342,000 related deaths worldwide.1 The situation in China is also discouraging, with nearly 100,000 new
cases every year.2 Cervical cancer remains the most common cause of death from gynecological tumors in Chinese
women.2,3 Human papillomavirus (HPV) infections are known to be closely related to cervical precancerous lesions and
cervical cancer, and the main cause of cervical cancer is a persistent infection of high-risk HPV (HR-HPV).4,5 Cervical
intraepithelial neoplasia (CIN) is a precancerous disease. In the long-term infection with HPV, cervical tissue may
progress into low grade squamous intraepithelial lesion (LSIL) and high grade squamous intraepithelial lesion (HSIL),
eventually developing into cervical cancer. However, it is also known that cervical cancer can be prevented and cured,
and the World Health Organization has launched a global strategy to eliminate cervical cancer by expanding its three-
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level prevention strategies, which include vaccination, cervical cancer screening, and cervical cancer treatment. Very
positive experiences gained in some developed countries with the three-level prevention strategies.6,7 At present, HPV
vaccine in China is a non-immunization planning vaccine, that is, class II vaccine, which belongs to the principle of
voluntary self-pay vaccination. A survey in economically developed provinces shows that 58.3% of people have the
intention to buy HPV vaccine,8 but the actual HPV vaccine coverage rate in China is less than 1%. So cervical cancer
screening is more important in the prevention and treatment of cervical cancer in China.

HPV infection genotyping has regional differences, and HPV16 and 18 are the most common worldwide. The most
common high-risk HPV subtypes in Africa were HPV16, 52, 35, 18 and 58. The most common high-risk HPV subtypes
in Asia, including China, were HPV16, 52, 58, 33 and 18, respectively.9–13 The genotyping of HPV also varies in
different regions of China, and the five most common HR-HPV subtypes in Beijing are HPV52, 58, 16, 51 and 66.14

Yunnan province is an important frontier province and multi-ethnic area with unique geographical location in China.
There are many ethnic minorities in Yunnan province, and their economic and cultural level is relatively backward. There
are some differences in living environment, life style and customs among ethnic groups. All these factors may cause HPV
infection in some areas of Yunnan Province to be different from other areas in China. Previous studies have found that
HPV infection rates are high in border areas and economically developed areas of Yunnan Province, and the most
common genotypes were HPV-16, 52 and 58. Meanwhile, LR-HPV has been found in cervical squamous cell carcinoma
in ethnic women.15,16

In order to further understand the infection characteristics of HPV in Yunnan province and formulate more accurate
prevention and control strategies accordingly, we conducted this sampling survey analysis. HPV genotyping and cervical
histopathological analyses were conducted to analyze HPV infection status and its relationship with CIN in Yunnan
women.

Data and Methods
Subjects
A total of 281 HPV patients who were diagnosed histopathologically with CIN at Kunming Kingmed Institute for
Clinical Laboratory from January 2019 to June 2021 were selected as the study cohort. None of the patients had been
vaccinated against HPV. Some went to medical institutions for physical examination or screening, and some went to
medical institutions for treatment due to self-conscious symptoms. Combined with HE staining morphology and
immunohistochemical results of P16 and KI-67. The diagnostic criteria for CIN were based on “The WHO classification
of tumors: female genital tumors (version 5)”. CIN I: mild squamous dysplasia, koilocytic atypia, koilocytosis; CIN II:
moderate squamous dysplasia; CIN III: severe squamous dysplasia, squamous cell carcinoma in situ.17

Kunming Kingmed Institute for Clinical Laboratory is a listed third-party independent medical testing institution,
which cooperates with medical institutions at all levels in Yunnan Province. There were 281 patients in the study group,
including 32 in municipal medical institutions, 177 in county medical institutions, 21 in township medical institutions
and 51 in private medical institutions. There are 226 Han people and 55 ethnic minorities. Inclusion criteria: HPV
positive and histopathologically confirmed CIN. Exclusion criteria: HPV-negative patients and histopathological patients
without CIN.

Methods
The HPV Subtypes Were Determined as Follows
We use a disposable cervical cell collector, place the cervical brush at the cervical opening, gently rotate the cervical
brush 4–5 times clockwise, slowly remove the cervical brush, put it into the sampling tube with a 3-mL special cell
preservation solution, and send it for examination within 24 h. Some cooperative medical institutions are required to test
23 subtypes, and some are required to test 27 subtypes. HPV23 genotyping was performed using an HPV genotyping kit
(Yaneng Biosciences [Shenzhen], Co., Ltd., China), and the polymerase chain reaction-reverse dot-blot method. The kit
can detect 17 high-risk HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82) and 6 low-
risk HPV genotypes (6, 11, 42, 43, 81, and 83). HPV27 genotyping was performed using fluorescence in situ
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hybridization and flow cytometry using an HPV nucleic acid genotyping kit (Shanghai Tellgen Life Science Co., Ltd.,
China). This kit can detect 17 high-risk HPV genotypes (6, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and
82) and 10 low-risk HPV genotypes (6, 11, 40, 42, 43, 44, 55, 61, 81, and 83). The EMA9600 gene amplifying
instrument was manufactured by Zhuhai Black Horse Medical Instrument Co., LTD., the thermothermic hybridization
instrument (YN-H16) for HPV type 23 was manufactured by Aneng Biotechnology (Shenzhen) Co., LTD., and the
Luminex 200 for HPV type 27 was manufactured by Shanghai Dijing Life Technology Co., LTD. Positive and negative
controls were set conventionally.

Histopathology
The specimens were fully fixed with 4% neutral formaldehyde solution, embedded with paraffin, and consecutively sliced
into 4-μm sections, which were stained with hematoxylin and eosin (H&E). In cases which H&E morphology is difficult
to distinguish between HSIL and LSIL, immunohistochemical tests for P16 and Ki67 were performed. The expression of
p16 and ki-67 was detected using streptavidin-peroxidase immunohistochemistry, the antibodies used were all purchased
from Fuzhou Maxim Biotechnology Co., Ltd. (China), and the operations were carried out strictly in accordance with the
kit instructions. A CIN grading diagnosis of the combined H&E and immunohistochemical staining results was then
carried out.

Statistical Analysis
Data were statistically analyzed using the SPSS Version 26.0 (SPSS Inc., Chicago, IL). Measurement data were
expressed as mean ± standard deviation (SD). The chi-square test was used to compare the HPV characteristic differences
between the 2 groups. P < 0.05 was considered statistically significant.

Results
General Patient Information
Two hundred and eighty-one patients were divided into two groups: 79 in the LSIL group and 202 in the HSIL group.
The normality test indicates that age is normally distributed. Overall, the patients ranged in age from 17 to 71 years, with
an average age of 41.5 ± 0.59 years. Based on HE morphology and immunohistochemical results, 281 patients were
divided into LSIL group and HSIL group. Women diagnosed with LSIL were aged from 17 to 67, with an average age of
42.3 ± 1.24 years, while those in the HSIL group ranged from 18 to 71 years of age, with an average age of 41.1 ± 0.66
years. Sixteen percent of LSIL patients were <30 years old. There were 34 patients above 45 years of age in the LSIL
group, which accounted for 43% of the patients, and this was the age group with a high incidence. Twelve percent of
HSIL patients were <30 years old, and there were 60 patients aged 30–45 years in the HSIL group, accounting for 58% of
the group, and this was the age group with a high incidence. The age distribution is shown in detail in Table 1.

H&E and Immunohistochemical Results
HSIL: H&E morphology showed an atypical cell extending above the lower third of the mucosa (Figure 1). LSIL: H&E
morphology showed that atypical cells were involved in no more than a lower third of the mucosa. Immunohistochemical
P16 expression was block-positive reactivity in HSIL patients (Figure 2), Ki67 index >30% (Figure 3). Morphological
LSIL patients showed negative or mottled expression of P16 and Ki67 index <30%.

Table 1 Distribution of Patients’ Age in Different CINs

Age (Year) LSIL HSIL

Cases (%) Cases (%)

<30 13(16) 25(12)

30~45 32(41) 117(58)
>45 34(43) 60(30)

Total 79 202
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Figure 1 33-year-old female with HPV35 infection in cervical H&E. Atypical cell extended above the lower third of the mucosa.

Figure 2 Streptavidin–peroxidase method. P16 was block-positive reactivity.

Figure 3 Streptavidin–peroxidase method. High Ki-67 index.
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Single and Multiple HPV Subtype Infections in the CIN Patients
All patients were HPV positive. Among the 281 cases, 231 had single infections and 68 cases had multiple infections (68
cases). Single infection was dominant, accounting for 76% of all cases. The proportion of patients with single subtype and
multiple subtype infections in the two groups differed according to the age groups, but most of the patients in both groups had
a single subtype infection (75% LSIL and 76% HSIL), followed by those with a double subtype infection, and as the number
of subtypes increased, the infection rate decreased. In the LSIL group, there were 27 patients (34%) with a single subtype
infection in the age range from 30 to 45 years, which was the age group with the highest proportion of single-type infections,
and in the HSIL group, there were 83 patients (41%) with a single subtype infection in the age range from 30 to 45 years old,
which was also the main single subtype infection age group. Single and multiple infection rates of different ages in LSIL
group showed no significant difference (X2 = 2.797, P = 0.258). There was also no significant difference in single and
multiple infection rates of different ages in HSIL group (X2 = 5.037, P = 0.081) (Table 2).

The Distribution Characteristics of the HPV Subtypes in the Different CIN Groups
The HPV subtypes of single and multiple subtype infections in the two CIN groups were counted one by one, and there was
a total of 384, including 38 LR-HPVS and 346 HR-HPVs. HR-HPVaccounted for 90.1%, indicating that HR-HPV infection
was predominant. The main HR-HPV subtypes were 52 (25.3%), 58 (16.1%) and 16 (16.1%) in the LSIL group, and 16
(37.8%), 58 (15.4%), and 52 (11.2%) in the HSIL group. In other words, the most common HR-HPV subtypes in the CIN of
the two groups were basically the same, namely HPV16, HPV58, and HPV52. HPV16 ranked third (16.1%) in LSIL group
and ranked the first (37.8%) in HSIL group, indicating that the positive rate of HPV16 increased with the increase in the
grade of CIN. The single subtype infection rate of LR-HPV was low in both of the CIN groups, and multiple subtype
infections of HR-HPV subtypes were dominant. The main LR-HPV subtypes were 43 (23.8%), 42 (19.0%), and 40 (4.8%) in
the LSIL group, and 43 (29.4%), 81 (29.4%), and 11 (17.6%) in the HSIL group. Thus, although the common LR-HPV
subtypes in CIN differed in the two groups, HPV43 was the main subtype in both groups. In the different CIN groups, the
single infection rate of LR-HPV was low, and the co-infection of HR-HPV subtype was dominant (Table 3).

The Infection Characteristics in Different Nations
In the LSIL group, there were 39 cases of single infection and 15 cases of multiple infection in han nationality, 19 cases
of single infection and 6 cases of multiple infection in minority nationality, χ2= 0.0063, P > 0.05, the difference was not
statistically significant. In HISL group, there were 131 cases of single infection and 41 cases of multiple infection in han
nationality, 22 cases of single infection and 8 cases of multiple infection in minority nationality (χ2=0.0105, P>0.05). It
showed that there was no significant difference between ethnic group and single or multiple infection in different CIN
groups (Table 4). However, it should be noted that two ethnic HSIL patients had a single LR-HPV infection. A 43-year-
old Jingpo nationality case was positive for HPV81. A 44-year-old Yi nationality case was positive for HPV43.

Table 2 Analysis of Single and Multiple HPV Infections in CIN Patients at Different Age Groups

Age LSIL HSIL

Single Multiple Single Multiple

One Two Three Four Five One Two Three Four Five

<30 9(11%) 3(4%) 0 1(1%) 0 23(11%) 2(1%) 0 0 0

30~45 27(34%) 4(5%) 0 1(1%) 0 83(41%) 22(11%) 7(3%) 4(2%) 0

>45 23(29%) 7(9%) 2(3%) 1(1%) 1(1%) 48(24%) 7(3%) 3(1%) 2(1%) 1(0.4%)
Total 59(75%) 14(18%) 2(3%) 3(4%) 1(1%) 154(76%) 31(15%) 10(5%) 6(3%) 1(0.4%)

59(75%) 20(25%) 154(76%) 48(24%)

X2 2.797 5.037

P 0.258 0.081
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Discussion
Yunnan is a frontier province with many ethnic minorities and relatively backward economic and cultural levels. Li
et al18 recruited 28,457 individuals aged 17–84 from 13 clinical hospitals in 10 different regions of Yunnan Province.
Age subgroup analysis showed that there were two peak ages, one group <25 years old and the other group >56 years old.
This study showed that LSIL group >45 years old belonged to the high-risk age range, while HSIL group 30–45 years old
belonged to the high-risk age range. There is only one peak age group in our study, which is lower than Li’s cohort. The

Table 3 Distribution Characteristics of HPV Subtypes in Different CINs

HPV Types LSIL HSIL

Single Total% Multiple Total% Single Total% Multiple Total%

HR-HPV 16 7 8.0 7 8.0 76 30.5 22 8.5

18 5 5.7 0 4 1.5 4 1.5

31 1 1.1 1 1.1 1 0.4 6 2.3

33 0 2 2.3 8 3.1 9 3.5

35 0 0 4 1.5 5 1.9

39 0 1 1.1 1 0.4 3 1.2

45 0 0 0 1 0.4

51 3 3.4 4 4.6 4 1.5 9 3.5

52 17 19.5 5 5.7 17 6.6 12 4.6

53 3 3.4 2 2.3 3 1.2 5 1.9

56 1 1.1 4 4.6 2 0.8 3 1.2

58 10 11.5 4 4.6 26 10.0 14 5.4

59 2 2.3 0 2 0.8 4 1.5

66 1 1.1 1 1.1 1 0.4 3 1.2

68 3 3.4 3 3.4 1 0.4 2 0.8

73 0 0 0 2 0.8

82 0 0 1 0.4 4 1.5

Total 87 259

LR-HPV 6 0 3 14.3 0 1 5.9

11 0 1 4.8 0 3 17.6

40 1 4.8 0 0 0

42 2 9.5 2 9.5 0 0

43 2 9.5 3 14.3 1 5.9 4 23.5

55 0 1 4.8 0 1 5.9

61 0 4 19.0 0 2 11.8

81 0 2 9.5 1 5.9 4 23.5

Total 21 17
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disease in young women may be related to early sexual behavior, unprotected sex and other unhealthy sexual habits.15

Therefore, it is suggested that women ≤30 years old should also be included in the focus of cervical precancerous lesions
or cervical cancer screening objects. Some even recommend a colposcopy for all HR-HPV patients aged ≥21 years.19

Moreover, in the study by Li et al,18 among 28,457 women in Yunnan province, the overall HPV infection rate was
12.9%, the single HPV infection rate was 10.6%, and the multitype HPV infection rate was 2.3%. The three most
common HR-HPV subtypes were 52, 16 and 58. In our study, 281 patients with CIN combined with HPV infection were
mainly single infection (76%) and HR-HPV infection (90.1%). The common HR-HPV subtypes in CIN patients were
basically the same in two groups, and the 3 subtypes with the highest infection rate were HPV16, HPV52 and HPV58,
respectively, which was consistent with the literature reports.12–19 There was no significant difference between single and
multiple infection rates in different age groups. The single LR-HPV infection was low, and multiple HR-HPV subtype
infection was dominant.

Single subtype infection and multiple subtype infection have different impacts on CIN. Kim et al20 compared the
HPV genotypes of 236 patients with a multiple subtype infection and 180 patients with a single subtype infection, and
they found that the correlation between multiple subtype infections and HSIL was closer than that between a single
subtype infection and HSIL. The infections were also seen to last longer in patients with multiple subtype infections than
in patients with a single subtype infection. Brant et al21 conducted a ribonucleic acid sequencing analysis and found that
in invasive cervical cancer with an infection of multiple HPV genotypes, a single HPV genotype was preferentially
expressed, which supports the hypothesis that a single HPV genotype is associated with the development of the cancer.
However, it was also previously reported that multiple subtype infections had no impact on cervical lesions.22 Wang et al
observed that women with multiple HR-HPV infections with HPV16/18 also had a higher risk of CIN2+, whereas
multiple HR-HPV infections without HPV16/18 did not have a significantly greater risk.23

In this study, HPV16 ranked third in the LSIL group, but first in HSIL, indicating that the positive rate of HPV16
increased with the increase of CIN level, and it is the main infection type for HSIL. It is well-known that the probability
of CIN patients with HPV16 and HPV18 developing invasive cervical cancer within two years was three times and two
times higher, respectively, than it was in CIN patients with other HR-HPV subtypes and that CIN II and CIN III can
gradually become cancerous with continuous infections involving the HPV16, HPV18, and HPV58 subtypes.4,5

Baloch et al24 found that the overall HR-HPV and single HPV infection rates of Tibetan women were significantly
higher than those of Naxi and Han women. Our study found no correlation between ethnicity and single or multiple
infection rates in different CIN groups. However, a single LR-HPV infection was found in two minority HSIL patients.
A 43-year-old Jingpo nationality was positive for HPV81. One case was Yi nationality, 44 years old, positive for HPV43.
Interestingly, Yunnan scholars Yuanyue et al12 also found that the prevalence of LR-HPV81 in cervical squamous cell
carcinoma in women of Han ethnicity was very high. In addition, 4 patients with LR-HPV (2 patients with HPV6, 1
patient with HPV11, and 1 patient with HPV42) were detected among 18 patients from ethnic minorities with squamous
cell carcinoma. Therefore, HPV infection in HSIL or squamous cell carcinoma of ethnic minorities in Yunnan may be
different from that in other regions. This is related to the different susceptibility and clearance rates of different types of

Table 4 The Infection Characteristics of HPV in Different Nations

LISL HISL

Single Multiple Single Multiple

Han 39 15 131 41

National minority 19 6 22 8

χ2 0.006 0.011

P 0.937 0.918

Abbreviations: HPV, human papillomavirus; HISL, high-grade squamous intraepithelial lesion; LISL, low-grade squamous
intraepithelial lesion.
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HPV in different regions, different nationalities and different physical hosts.25 However, the sample size of this study is
too small, which requires further investigation and research with a large sample.

Conclusion
In summary, this sampling survey analysis found that 30–45 years old patients in Yunnan area had a high incidence of
HSIL. Patients were mainly characterized by single or multiple infections. The three subtypes of HR-HPV with the
highest infection rate were HPV16, HPV52 and HPV58. HPV43 is the main subtype of LR-HPV. There was no
correlation between ethnicity and single or multiple infections in different CIN groups. A single infection of HPV43
and HPV81 was found in HSIL group for minority. Therefore, timely screening of HPV subtypes is of great significance
in the primary prevention of cervical cancer. The findings also suggest that the pathogenicity of LR-HPV43 and LR-
HPV81 should be investigated further and references for the formulation of HPV vaccine strategies in Yunnan should be
provided.
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