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Abstract: In older populations, Human Papillomavirus (HPV) infections are 

likely to reactivate owing to immunocompromised, thereby increasing the 

risk of cervical and other cancers. However, research on HPV infection in 

older adults is limited and data on the sex- and age-specific distribution of 

high-risk HPV types are lacking. Thus, to increase the level of evidence on 

the extension of cervical cancer screening in older adult women and 

preventing and managing HPV infection in older adult populations, we 

investigated HPV positivity and co-infection rates by age and HPV type in 

Korean older adults. From January 2020 to July 2023, DNA extraction and 

real-time polymerase chain reaction were performed to determine HPV types 

in 1,167 individuals (84 men aged 69.8±5.05 years; 1,083 women aged 

69.97±4.40 years) referred to a specialized laboratory. In both sexes, HPV 

positivity rates were higher in those aged 75-99 years than in those aged 

65-74 years, although the difference was not statistically significant (men: 

χ2 = 0.0333, p>0.05; women: χ2 = 0.5122, p>0.05). High-risk HPV positivity 

rates were the highest for type 16 in men and type 52 in women. More single 

infections were observed than co-infections, although the difference was not 

statistically significant. For men and women aged ≥65 years, the single 

infection positivity rates were 32.1-21.1%, respectively, whereas co-infection 

positivity rates were 28.6-18.3%, respectively. Older adults require specific 

infection-prevention practices for healthy sexual behavior. Regular HPV 

infection screening is necessary for not only younger and middle-aged 

individuals but also older adults. 
 
Keywords: Genotype, Human Papilloma Virus, Older Adults, Screening, 

Sexually Transmitted Infections 
 

Introduction 

In 2020, the World Health Organization reported 
approximately 604,127 (3.1%) new cases of cervical cancer 
among women across all age groups in 36 countries 
worldwide (Data visualization tools for exploring the global 
cancer burden in 2022, 2023). Among them, 194,195 cases 
of cervical cancer and 157,641 deaths occurred in women 
aged ≥60 years. As Human Papillomavirus (HPV) infection 
is the primary cause of cervical cancer (Li et al., 2011), close 
monitoring of HPV infections in older adults is essential. 
Although HPV infections are prevalent among younger 
individuals, these are typically resolved by the immune 
system. However, older adults are more likely to experience 
persistent HPV infections owing to a decline in immune 

system efficiency with age, thereby increasing the risk of 
developing cervical cancer in older adult women. The age-
related weakening of immune responses reduces the ability 
to clear new HPV infections and increases the likelihood of 
the reactivation of previously acquired infections (García-
Piñeres et al., 2006). These dynamics underscore the 
importance of understanding HPV prevalence and its 
implications in older populations. The negative effects and 
financial burden of HPV, a common sexually transmitted 
virus, on the development of cervical cancer, have been 
extensively examined (Watson et al., 2015), with extensive 
research focusing on HPV infections in both men and 
women (Rodríguez-Álvarez et al., 2018; Dibble et al., 2019). 

HPV types are classified as high and low risk. High-
risk HPV types, such as types 16-18, cause cervical 
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(Asiaf et al., 2014), oropharyngeal (Timbang et al., 2019), 
vaginal (Bertoli et al., 2020), penile (Liang et al., 2019) and 
anal (Krzowska-Firych et al., 2019) cancers. Meanwhile, 
low-risk HPV infections, such as types 6 and 11, do not 
cause severe symptoms in most cases. However, persistent 
infection can lead to cancer; therefore, low-risk infections 
must be monitored (Lacey et al., 2006; Watson et al., 2015). 

While many countries have national vaccination 

programs targeting adolescents and young adults as part of 

public health policy and widely recognize the importance of 

prevention, only a few extend these programs to older adults 

(Dibble et al., 2019; Bruni et al., 2021). 

The incidence of HPV varies by ethnicity (Bruni et al., 

2023), whereas that of different types of carcinomas 

varies by sex. For example, oropharyngeal cancer is 

more common in men than in women in the USA (Van 

Dyne et al., 2018). Although age-specific HPV 

prevalence varies across populations, population-based 

prevalence data remain lacking in some countries 

(Chan et al., 2019; Bruni et al., 2021). 
Previous studies have primarily examined the types of 

HPV infections in younger individuals or older patients with 
cancers, such as oropharyngeal squamous cell carcinoma 
(Dickstein et al., 2020; Dave et al., 2017). However, research 

on the prevalence and genotype distribution of HPV 
infections in older adults, particularly older men, remains 
limited (Han et al., 2017; Lannér and Lindström, 2020). 
While most studies have addressed HPV prevalence, few 
have focused on HPV types in older men. Thus, examining 
the prevalence and genotype distribution of HPV infections 

in the general older population is necessary. 

Globally, the average life expectancy has increased 

compared to that in the past, highlighting the significance 

of social and economic aspects of health-related issues. 

HPV-induced diseases can affect the quality of life and 

social and economic burden of older adults. Therefore, 

this study analyzed the prevalence of HPV positivity and 

co-infection by age and HPV type in Korean older adults 

and identified differences in HPV positivity and HPV type 

by age in male and female older adults. 

In addition, based on reports that biological, 

immunological, and cognitive characteristics differ 

among older adults and are not homogeneous by age 

(North and Fiske, 2013; Montgomery and Shaw, 2015; 

Hanyu et al., 2024), we aimed to identify differences in 

HPV infection rates by age. This study may contribute to 

expanding cervical cancer screening for older women and 

improve the level of evidence for preventing and 

managing HPV infections in the older adult population. 

Materials and Methods 

Study Population 

In this research, we evaluated data from individuals 

aged ≥65 years, focusing on HPV test results obtained 

between January 2020 and June 2023 at the U2Bio 

outsourced testing center, which caters to hospitals across 

the country. Male participants primarily underwent 

testing to address concerns regarding potential Sexually 

Transmitted Infections (STIs), whereas female 

participants underwent routine health screenings or 

investigations related to suspected STIs at the hospitals. 

Data Privacy Measures 

All personal information except sex and age has been 
removed to protect privacy. The only data used in the 
study were sex, age, and HPV test results. Only test-result 
data were retained for analysis. 

Data Collection 

All tested data, inclusive of various sample types, were 
included in the analysis. Women underwent a higher 
number of tests than men due to state-supported cervical 

cancer screening. 

Laboratory Procedures 

Following sample collection, DNA was extracted using 
the QIAsymphony system (QIAGEN, Hilden, Germany). 
Multiplex real-time polymerase chain reaction was 
performed using the OmniPlex™-HPV kit (Genematrix, 
Seongnam, Korea) along with the CF  96 real-time 
thermocycler (Bio-Rad, Hercules, CA, USA). 

HPV Typing 

In total, 41 HPV types were identified and categorized 
into 12 high-risk (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 
and 59) and 29 low-risk (6, 11, 26, 30, 32, 40, 42, 43, 44, 53, 
54, 55, 61, 62, 66, 67, 68, 69, 70, 71, 72, 73, 74, 81, 82, 83, 
84, 87 and 99) types. 

Quality Control 

All inspection procedures strictly adhered to the 
manufacturer’s instructions throughout the study, 
ensuring the reliability and consistency of the results. 

Procedure 

Swabs and other samples, including tissue, urine, semen, 
and prostatic fluid, were obtained. No data were collected on 
the anatomical site from which the swab was taken. The 
sample selection procedure was conducted as shown in 
Fig. (1). In total, 32,565 HPV samples tested between 
January 2020 and June 2023 were collected. Some collected 
samples had missing data (n = 776) or did not meet the 
inclusion criteria (n = 30,622); thus, 31,398 samples were 
excluded. The final study included HPV samples from 84 
men and 1,083 women. 

Statistical Analyses 

All statistical analyses were conducted using SAS 
version 9.4 (SAS Institute, Cary, NC, USA) and graphs 
were generated using R Studio version 2023.06.1 (R 
Studio, Inc., Boston, MA, USA). 



Jieun Hwang et al. / American Journal of Biochemistry and Biotechnology 2025, 21 (1): 1.9 

DOI: 10.3844/ajbbsp.2025.1.9 

 

3 

 

 

Fig. 1: Flow chart of the study sample selection 

 

Frequency analysis was performed to calculate the 

positivity rates of HPV, stratified according to sex, age 

group, and HPV type. During this analysis, age groups 

were categorized as 65-74 and ≥75 years. 

Independent t-tests were performed to determine the 

difference in mean age between the HPV-positive and 

HPV-negative groups. In addition, chi-square tests were 

performed to determine the difference in HPV frequency 

between the 65-74 and 75-99 years age groups for each 

sex and the difference in frequency by HPV type. A p-value 

of <0.05 was considered statistically significant. The HPV 

positivity rate in this study was defined as having one or 

more positive results among the 41 types of HPV, 

regardless of the specific HPV virus type. 

Ethics Consideration 

This study was approved by the Institutional Review 

Board (IRB) of U2Bio (IRB No. 2023066) and conducted 

in accordance with the principles of the Declaration of 

Helsinki. As the data were retrospectively analyzed and 

the personal information of the patients was not used, the 

requirement for informed consent was waived by the IRB 

of U2Bio. 

Results 

The positivity rates for men and women aged ≥65 

years were 60.7% and 34.9%, respectively (Table 1). 

When stratified by age, the positivity rates for those aged 

65-74 years were 61.1% for men and 39.9% for women, 

whereas for those aged 75-99 years, the rates were 58.3% 

for men and 36.9% for women. The positivity rates were 

lower in the 75-99 years group than in the 65-74 years 

group in both men and women; however, this difference 

was not statistically significant (men: χ2 = 0.0333, p>0.05; 

women: χ2 = 0.5122, p>0.05). 

The highest positivity rates in men and women aged >65 

years were observed for HPV types 6 (41.7%) and 52 

(5.6%), respectively (Table 2). Additionally, HPV type 11 

(16.7%) and types 16, 40, and 55 (7.1%) were the second and 

third most significantly positive in men (χ2 = 525.8707, 

p<0.0001), respectively. In contrast, HPV types 62 (5.4%) 

and 53 (5.3%) showed the second and third highest 

positivity rates in women (χ2 = 526.7876, p<0.0001), 

respectively. Positivity rates for HPV types were 

significantly different between the sexes (χ2 = 239.7447, 

p<0.0001). Among men, the highest rate of high-risk HPV 

positivity was observed for type 16, followed by types 35 

and 39, while the highest rate of low-risk HPV positivity 

was observed for type 6, followed by type 11. Among 

older adult women, the highest high-risk HPV positivity 

rate was observed for type 52, followed by types 16 and 

51, whereas the highest low-risk HPV positivity rate was 

observed for type 62, followed by type 53. High-risk HPV 

types identified in men aged ≥65 years included 16, 31, 

33, 35, and 39, whereas those identified in women were 

types 18, 45, 51, 56, and 59. Low-risk types identified in 

men were 6, 11, 26, 30, 32, 40, 42, 44, 53, 54, 55, 61, 62, 

67, 68, 71, 73, 74, 81, 82 and 84, whereas those in women 

were 43, 66, 69, 70, 72, 72, 83, 87 and 99, in addition to 

the types identified in men. 

 

Table 1: Age-related HPV positivity rates 

Age 

group 

Men (n = 84) Women (n = 1,083) 

Negativ

e (mean 

[±S.D.] 

or n) 

Positive 

(mean 

[±S.D.] 

or n) 

Positi

vity 

rate 

(%) 

Negativ

e (mean 

[±S.D.] 

or n) 

Positive 

(mean 

[±S.D.] 

or n) 

Posit

ivity 

rate 

(%) 

Mean 

age 
(years) 

70.33 

(±5.35) 

69.47 

(±4.86) 
- 

70.11 

(±4.48) 

69.75 

(±4.28) 
- 

 
t-value = 0.76, p = 

0.4474 
t-value = 1.32, p = 0.1875 

Total 33 51 60.7 656 427 34.9 

65–74 28 44 61.1 555 368 39.9 

75–99 5 7 58.3 101 59 36.9 

 χ2 = 0.0333, p = 0.8553 
χ2 = 0.5122, p = 0.4742 

HPV, human papillomavirus, S.D., standard deviation 
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Table 2: Positivity rates for different HPV types in older adults 

Category Type 
Men (n = 84) Women (n = 1,083) 

n % χ2 (p-value) n % χ2 (p-value) 

High risk 

16 6 7.1 

525.8707 

(<0.0001) 

30  2.8  

526.7876 

<0.0001) 

18 0 0.0 10 0.9 

31 1 1.2 7 0.6 

33 1 1.2 5 0.5 

35 2 2.4 8 0.7 

39 2 2.4 21 1.9 

45 0 0.0 3 0.3 

51 0 0.0 30  2.8  

52 1 1.2 61  5.6  

56 0 0.0 10 0.9 

58 1 1.2 24 2.2 

59 0 0.0 11 1.0 

Low risk 

6 35 41.7 33 3.0  

11 14 16.7 8 0.7 

26 1 1.2 1 0.1 

30 1 1.2 11 1.0 

32 2 2.4 8 0.7 

40 6 7.1 9 0.8 

42 3 3.6 27 2.5 

43 0 0.0 11 1.0 

44 2 2.4 21 1.9 

53 1 1.2 57 5.3 

54 3 3.6 17 1.6 

55 6 7.1 12 1.1 

61 1 1.2 40 3.7 

62 2 2.4 59 5.4 

66 0 0.0 14 1.3 

67 2 2.4 11 1.0 

68 2 2.4 29 2.7 

69 0 0.0 3 0.3 

70 0 0.0 34 3.1 

71 2 2.4 30 2.8 

72 0 0.0 17 1.6 

73 2 2.4 3 0.3 

74 2 2.4 45 4.2 

81 2 2.4 31 2.9 

82 1 1.2 7 0.6 

83 0 0.0 5 0.5 

84 3 3.6 18 1.7 

87 0 0.0 24 2.2 

99 0 0.0 0 0.0  

Table 3: HPV co-infection positivity rates for each sex 

Sex/age group 

Single 2 or  

more bvalue)-(p 2χ 

2 3 
4 or 

more 
χ2 (p-value)b 

n (%)a n (%)a n (%)a n (%)a 
n  

(%)a 
 

Male (n = 84)a  

Total (n = 51) 27(32.1%) 24(28.6%) 
1.9037 

(0.3860) 

8(9.5%) 9(10.7%) 7(8.3%) 

12.9708(0.0114) 65–74 25(29.7%) 19(22.6%) 8(9.5%) 8(9.5%) 3(3.6%) 

75–99 2(2.4%) 5 (6.0%) 0(0.0%) 1(1.2%) 4(4.8%) 

Female (n = 1,083) 

Total (n = 427) 229 (21.1%) 198 (18.3%) 
1.5041 

(0.4714) 

104(9.6%) 43(4.0%) 51 (4.7%) 

3.5997(0.4629) 65–74 201 (18.5%) 167 (15.4%) 89(8.2%) 38(3.5%) 40 (3.7%) 

75–99 28 (2.6%) 31 (2.9%) 15(1.4%) 5 (0.5%) 11 (1.0%) 

a. N, total number of participants; n, number of positive cases; % positivity rate 

b. Difference in HPV positivity rates by age in older adult men/older adult women 
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The single-infection positivity rates for men and 

women were 32.1-21.1%, respectively, whereas the co-

infection positivity rates for men and women were 

28.6-18.3%, respectively (Table 3). In older adult men, 

when comparing those aged 65-74 and 75-99 years, the 

former had the highest positivity rates for single HPV 

infections (29.7%), followed by double and triple HPV 

infections (9.5%). In older adult women, when comparing 

those aged 65-74 and 75-99, the former had the highest 

number of single HPV infections (18.5%) and the highest 

number of double HPV infections (8.2%). 

Discussion 

The HPV positivity rates by age or sex were higher in 

men than in women aged ≥65 years and the prevalence of 

HPV between the two age groups in both sexes did not 

differ. In this study, the overall HPV-type positivity rate 

among women was 34.9%; however, among 1,784 

Swedish women aged ≥60 years, the positivity rate was 

notably low at 5.4% (Lannér and Lindström, 2020). 

Similarly, this study reported a higher positivity rate than 

that observed in a study of 5,906 Thai women aged 20-70 

years, which revealed an HPV positivity rate of 11.0% 

among those aged 61-70 years (Kantathavorn et al., 

2015). In addition, a meta-analysis combining data from 

16 studies across several countries, including the United 

States, China, and Spain, estimated the prevalence of all 

types of HPV in men at 49% (Rodríguez-Álvarez et al., 

2018); however, this study reported a high prevalence of 

60.7%. Older men exhibited higher rates of HPV 

positivity than older women, likely because men primarily 

visited the clinic for symptoms of suspected STIs, 

whereas women sought health screening and diagnosis of 

suspected STIs. This could also be attributed to the 

biological differences between men and women. For 

example, HPV can cause infections in various sites in 

men, including the oral cavity and anus, in addition to the 

genitals. The high risk of infection at multiple sites, 

particularly through oral-genital contact, may be related 

to the high prevalence of high-risk HPV types in men. 

Previous studies have suggested that latent 

reactivation, increased new sexual partners and cohort 

effects may explain the high prevalence of HPV in the 

older female population in Australia (Chow and Fairley, 

2015). These differences in HPV positivity rates between 

older men and women may be related to various factors, 

including ethnicity, region, sample type, and study design 

(Chow and Fairley, 2015). Furthermore, the high 

positivity rates among older adult men and women in our 

study may be owing to the high proportion of participants 

who primarily visited the clinic because of suspected STIs. 

HPV is involved in the pathogenesis of cervical cancer 

in women and penile, anal, and oropharyngeal cancers in 

men (Spînu et al., 2021). Previous studies have reported 

that the burden of HPV-related diseases is high in both 

men and women (McDonald et al., 2017). Many countries 

exclude older populations from vaccination programs for 

cost-effectiveness (Spînu et al., 2021). Patients aged ≥65 

years included in this study were born prior to the 

implementation of the national HPV vaccination 

programs and therefore did not receive HPV vaccine. 

Epidemiologically, older men infected with HPV can 

transmit HPV to older women through sexual activity 

(Spînu et al., 2021). The high positivity rate among older 

men suggests that older women are also likely to be 

infected with HPV, emphasizing the importance of HPV 

prevention and control in men as a strategy to protect 

women’s health. 

In this study, various high- and low-risk HPV types 

were identified in HPV-positive older adults. HPV type 6 

(41.7%) exhibited the highest positivity rate among older 

adult men, followed by HPV type 11 (16.7%) and 

16/40/55 (7.1%). HPV type 52 (5.6%) had the highest 

positivity rate among older adult women, followed by 

HPV types 62 (5.4%) and 53 (5.3%). A study 

investigating the rate of HPV infection in postmenopausal 

women reported that the most common HPV infection 

types were 52, 53, 58, and 16 (Rositch et al., 2012), which 

is consistent with the findings of this study. In this study, 

the positivity rate of high-risk HPV was the third highest 

(type 16) in older adult men and the highest (type 52) in 

older adult women. 

These results differ from those of a previous study 

involving 814 female patients in South Korea, revealing 

that type 16 was the most common high-risk HPV type for 

single infections (Kim et al., 2022). Another meta-

analysis found that the most prevalent HPV type in Asia 

was HPV 16, followed by HPV 52, in women with 

cervical abnormalities (Okoye et al., 2021). The results 

also differ from those of a study among men in the general 

population in China, where the most common high-risk 

HPV type was type 52 (Hu et al., 2022). 

This difference is likely attributable to the difference 

in mean age (women: 55.5 years, men: 38 years), patient 

characteristics such as abnormal cytology or histology 

results, and ethnicity. 

Previous studies have revealed that persistent high-

risk HPV infection is associated with a higher risk of 

developing precancerous diseases, with HPV type 16 

being the most common cervical carcinogen (Chan et al., 

2019). Despite its rarity, type 53 is reportedly associated 

with cervical cancer in older adult women (Zappacosta et al., 

2014). The identification of recent or long-standing infection 

with high-risk HPV type 16 cannot be determined. 

However, some older adult women who participated in 

this study showed a positivity rate of 2.8% for HPV type 

16, indicating that they may be exposed to the risk of 
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developing precancerous diseases associated with 

persistent infection. 
The current HPV vaccine, Gardasil 9, protects against 

HPV types 6, 11, 16, and 52 (Lee, 2021). In South Korea, 
men and women aged >65 years are not mandatory 
recipients of the HPV vaccination, and older adult men are 
not subjected to mandatory HPV screening. Some studies 
have suggested the expansion of cervical screening in 
women aged ≥65 years (Ernstson et al., 2019). However, 
no consensus has been reached regarding the age at which 
cervical cancer screening can be halted (Sherman et al., 
2015). Age-based management strategies are required to 
prevent HPV transmission in older adult men and women. 

In this study, the single-infection positivity rates for 
men and women aged 65 years were 32.1-21.1%, 
respectively. The positivity rates for co-infection were 
28.6-18.3% in older adult men and women, respectively. 
Although not consistent with the co-infection positivity 
rates reported in this study, several previous studies have 
reported HPV co-infection in older adults (Ingles et al., 
2015; Hermansson et al., 2018). Patients with cervical 
cancer had higher rates of co-infection with HPV. 
However, whether co-infection poses a higher clinical risk 
than a single infection remains controversial (Luo et al., 
2023). The possible occurrence of competition or 
cooperation between the different HPV genotypes is still 
unclear (Luo et al., 2023). The combination of high-risk 
HPV may vary according to the demographic 
characteristics (Luo et al., 2023); the prevalence of 
multiple infections is influenced by multiple factors, 
including age and immune status, socioeconomic 
condition, and vaccination statuses (Soto-De Leon et al., 
2011; Kim et al., 2022). Sexually active individuals, 
including women having multiple sexual partners and 
more frequent sexual intercourse, have the highest risk of 
developing multiple infections (Dickson et al., 2013; 
Kops et al., 2021). An immunocompromised state has 
also been suggested to cause an increase in the incidence 
of multiple infections in postmenopausal women 
(Rositch et al., 2012). Further research is needed to 
study the effects of specific HPV combinations on co-
infection, as well as the differences between genotypes 
(Luo et al., 2023). 

Life expectancy has increased globally to 73.4 years in 

2019, compared with that in the past (66.8 years in 2000) 

(Global Health Estimates: Life Expectancy and Leading 

Causes of Death and Disability). As the global older adult 

population increases, better knowledge of the prevalence 

of HPV infection and infection-prevention management 

for healthy sexual behavior in older adult men and women 

is needed to improve health-related quality of life in older 

adults (Lester et al., 2020). 

A strength of this study is that it reports HPV positivity 

rates in the Korean older adult population, particularly 

among men. This may be a strength, as the literature on 

the prevalence and incidence of HPV infection in older 

adults is scarce, especially with limited data on older adult 

men. The information in this study can also improve the 

current understanding of infection characteristics in older 

adults in Korea. 

This study has a limitation in that the cross-sectional 

results of HPV positivity do not confirm if the infections 

are newly acquired or represent reinfections. Future 

research should focus on determining whether HPV 

positivity indicates reinfection or reactivation by 

analyzing the characteristics and genetic mutations of the 

virus, as well as evaluating clinical symptoms. 

Additionally, conducting a long-term comprehensive 

study is warranted. 

Conclusion 

Regular HPV infection screening is necessary not 

only for younger and middle-aged individuals but also 

for older adults. Therefore, age-based healthcare should 

be provided to prevent HPV transmission. The findings 

of this study could help in improving the understanding 

of HPV in older adult populations, informing healthcare 

strategies for older adults, and contributing to global 

knowledge on HPV epidemiology. This study offers 

valuable data and insights, reinforcing and potentially 

broadening the current body of knowledge in this field. 
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Burk, R. D., Hildesheim, M., Freer, E., Bonilla, J., 

Bratti, C., Berzofsky, J. A., & Pinto, L. A. (2006). 

Persistent Human Papillomavirus Infection Is 

Associated with a Generalized Decrease in Immune 

Responsiveness in Older Women. Cancer Research, 

66(22), 11070–11076. https://doi.org/10.1158/0008-

5472.can-06-2034 

Global Health Estimates: Life Expectancy and Leading 

Causes of Death and Disability. (2023). World 

Health Organization.  

 https://www.who.int/data/gho/data/themes/mortality

-and-global-health-estimates 

Han, J. J., Beltran, T. H., Song, J. W., Klaric, J., & Choi, 

Y. S. (2017). Prevalence of Genital Human 

Papillomavirus Infection and Human Papillomavirus 

Vaccination Rates Among US Adult Men National 

Health and Nutrition Examination Survey (NHANES) 

2013-2014. JAMA Oncology, 3(6), 810–816.  

 https://doi.org/10.1001/jamaoncol.2016.6192 

Hanyu, H., Koyama, Y., Umekida, K., Momose, T., 

Watanabe, S., & Sato, T. (2024). Factors and Brain 

Imaging Features Associated with Cognition in 

Oldest-Old Patients with Alzheimer-Type Dementia. 

Journal of the Neurological Sciences, 458, 122929. 

https://doi.org/10.1016/j.jns.2024.122929 

https://doi.org/10.1097/cej.0b013e328364f273
https://doi.org/10.1016/j.ygyno.2020.01.030
https://doi.org/10.1016/s2214-109x(23)00305-4
https://doi.org/10.1016/j.ypmed.2020.106399
https://doi.org/10.1155/2019/3257939
https://doi.org/10.1071/sh15097
https://doi.org/10.21873/anticanres.11520
https://doi.org/10.1089/jayao.2019.0004
https://doi.org/10.1097/igc.0b013e31829e9fb4
https://doi.org/10.1016/j.oraloncology.2020.104687
https://gco.iarc.fr/today/home
https://doi.org/10.21873/anticanres.13123
https://doi.org/10.1158/0008-5472.can-06-2034
https://doi.org/10.1158/0008-5472.can-06-2034
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://doi.org/10.1001/jamaoncol.2016.6192
https://doi.org/10.1016/j.jns.2024.122929


Jieun Hwang et al. / American Journal of Biochemistry and Biotechnology 2025, 21 (1): 1.9 

DOI: 10.3844/ajbbsp.2025.1.9 

 

8 

Hermansson, R. S., Olovsson, M., Hoxell, E., & 

Lindström, A. K. (2018). HPV Prevalence and HPV-

Related Dysplasia in Elderly Women. PLOS ONE, 

13(1), e0189300.  

 https://doi.org/10.1371/journal.pone.0189300 

Hu, J., Ji, L., Li, P., Ni, X., Huang, Y., Tao, J., & Zhu, H. 

(2022). Genital HPV Prevalence, Follow-Up and 

Persistence in Males and HPV Concordance Between 

Heterosexual Couples in Wenzhou, China. Infection 

and Drug Resistance, 15, 7053–7066.  

 https://doi.org/10.2147/idr.s387226 

Ingles, D. J., Pierce Campbell, C. M., Messina, J. A., 

Stoler, M. H., Lin, H.-Y., Fulp, W. J., Abrahamsen, 

M., Sirak, B. A., O’Keefe, M. T., Papenfuss, M., 

Gage, C., Carvalho da Silva, R., Gonzalez Sosa, R., 

Rojas Juarez, O., Villa, L. L., Lazcano Ponce, E., & 

Giuliano, A. R. (2015). Human Papillomavirus Virus 

(HPV) Genotype- and Age-Specific Analyses of 

External Genital Lesions Among Men in the HPV 

Infection in Men (HIM) Study. Journal of Infectious 

Diseases, 211(7), 1060–1067.  

 https://doi.org/10.1093/infdis/jiu587 

Kantathavorn, N., Mahidol, C., Sritana, N., Sricharunrat, 

T., Phoolcharoen, N., Auewarakul, C., 

Teerayathanakul, N., Taepisitpong, C., Saeloo, S., 

Sornsamdang, G., Udomchaiprasertkul, W., 

Krongthong, W., & Arnamwong, A. (2015). 

Genotypic Distribution of Human Papillomavirus 

(HPV) and Cervical Cytology Findings in 5906 Thai 

Women Undergoing Cervical Cancer Screening 

Programs. Infectious Agents and Cancer, 10(1), 7. 

https://doi.org/10.1186/s13027-015-0001-5 

Kim, J., Kim, M., & Park, J. Y. (2022). Evaluation of the 

Characteristics of Multiple Human Papillomavirus 

(HPV) Infections Identified using the BD Onclarity 

HPV Assay and Comparison with those of Single 

HPV Infection. Journal of Pathology and 

Translational Medicine, 56(5), 289–293.  

 https://doi.org/10.4132/jptm.2022.08.02 

Kops, N. L., Caierão, J., Bessel, M., Horvath, J. D. C., 

Domingues, C. M., Benzaken, A. S., Villa, L. L., de 

Souza, F. M. A., Pereira, G. F. M., & Wendland, E. 

M. (2021). Behavioral factors associated with 

multiple-type HPV genital infections: data from a 

cross-sectional study in young women in Brazil. 

Reproductive Health, 18(1). 

https://doi.org/10.1186/s12978-021-01244-2 

 Krzowska-Firych, J., Lucas, G., Lucas, C., Lucas, N., & 

Pietrzyk, Ł. (2019). An Overview of Human 

Papillomavirus (HPV) as an Etiological Factor of the 

Anal Cancer. Journal of Infection and Public Health, 

12(1), 1–6.  

 https://doi.org/10.1016/j.jiph.2018.06.005 

Lacey, C. J. N., Lowndes, C. M., & Shah, K. V. (2006). 

Chapter 4: Burden and Management of Non-

Cancerous HPV-Related Conditions: HPV-6/11 

Disease. Vaccine, 24(Supplement 3), S35–S41.  

 https://doi.org/10.1016/j.vaccine.2006.06.015 

Lannér, L., & Lindström, A. K. (2020). Incidence of HPV 

and HPV Related Dysplasia in Elderly Women in 

Sweden. PLOS ONE, 15(3), e0229758.  

 https://doi.org/10.1371/journal.pone.0229758 

Lee, S. H. (2021). Toll-Like Receptor 9 Agonists in HPV 

Vaccine Gardasil9. International Journal of Vaccine 

Theory, Practice, and Research, 1(2), 295–317.  

 https://doi.org/10.56098/ijvtpr.v1i2.13 

Lester, P. E., Dharmarajan, T. S., & Weinstein, E. (2020). 

The Looming Geriatrician Shortage: Ramifications 

and Solutions. Journal of Aging and Health, 32(9), 

1052–1062. 

https://doi.org/10.1177/0898264319879325 

Li, N., Franceschi, S., Howell‐Jones, R., Snijders, P. J. F., 

& Clifford, G. M. (2011). Human Papillomavirus 

Type Distribution in 30,848 Invasive Cervical 

Cancers Worldwide: Variation by Geographical 

Region, Histological Type and Year of Publication. 

International Journal of Cancer, 128(4), 927–935.  

 https://doi.org/10.1002/ijc.25396 

Luo, Q., Zeng, X., Luo, H., Pan, L., Huang, Y., Zhang, H., 

& Han, N. (2023). Epidemiologic Characteristics of 

High-Risk HPV and the Correlation Between 

Multiple Infections and Cervical Lesions. BMC 

Infectious Diseases, 23(1), 667.  

 https://doi.org/10.1186/s12879-023-08634-w 

Liang, Y., Niu, H.-T., Yu, Y.-B., Wang, Y.-H., Yang, X.-

C., Zhao, Y., & Wang, M.-L. (2019). The 

Relationship Between Human Papillomavirus and 

Penile Cancer Over the Past Decade: A Systematic 

Review and Meta-Analysis. Asian Journal of 

Andrology, 21(4), 375–380.  

 https://doi.org/10.4103/aja.aja_39_19 

McDonald, S. A., Qendri, V., Berkhof, J., de Melker, H. 

E., & Bogaards, J. A. (2017). Disease Burden of 

Human Papillomavirus Infection in the Netherlands, 

1989–2014: The Gap Between Females and Males is 

Diminishing. Cancer Causes and Control, 28(3), 

203–214. https://doi.org/10.1007/s10552-017-0870-6 

Montgomery, R. R., & Shaw, A. C. (2015). Paradoxical 

Changes in Innate Immunity in Aging: Recent 

Progress and New Directions. Journal of Leukocyte 

Biology, 98(6), 937–943.  

 https://doi.org/10.1189/jlb.5mr0315-104r 

North, M. S., & Fiske, S. T. (2013). Subtyping Ageism: 

Policy Issues in Succession and Consumption. Social 

Issues and Policy Review, 7(1), 36–57. 

https://doi.org/10.1111/j.1751-2409.2012.01042.x 

https://doi.org/10.1371/journal.pone.0189300
https://doi.org/10.2147/idr.s387226
https://doi.org/10.1093/infdis/jiu587
https://doi.org/10.1186/s13027-015-0001-5
https://doi.org/10.4132/jptm.2022.08.02
https://doi.org/10.1186/s12978-021-01244-2
https://doi.org/10.1016/j.jiph.2018.06.005
https://doi.org/10.1016/j.vaccine.2006.06.015
https://doi.org/10.1371/journal.pone.0229758
https://doi.org/10.56098/ijvtpr.v1i2.13
https://doi.org/10.1177/0898264319879325
https://doi.org/10.1002/ijc.25396
https://doi.org/10.1186/s12879-023-08634-w
https://doi.org/10.4103/aja.aja_39_19
https://doi.org/10.1007/s10552-017-0870-6
https://doi.org/10.1189/jlb.5mr0315-104r
https://doi.org/10.1111/j.1751-2409.2012.01042.x


Jieun Hwang et al. / American Journal of Biochemistry and Biotechnology 2025, 21 (1): 1.9 

DOI: 10.3844/ajbbsp.2025.1.9 

 

9 

Okoye, J., Chukwukelu, C., Okekpa, S., Ogenyi, S., 

Onyekachi-Umah, I., & Ngokere, A. (2021). Racial 

Disparities Associated with the Prevalence of 

Vaccine and Non-Vaccine HPV Types and Multiple 

HPV Infections between Asia and Africa: A 

Systematic Review and Meta-Analysis. Asian Pacific 

Journal of Cancer Prevention, 22(9), 2729–2741. 

https://doi.org/10.31557/apjcp.2021.22.9.2729 

Rodríguez-Álvarez, M. I., Gómez-Urquiza, J. L., Husein-

El Ahmed, H., Albendín-García, L., Gómez-Salgado, 

J., & Cañadas-De la Fuente, G. A. (2018). Prevalence 

and Risk Factors of Human Papillomavirus in Male 

Patients: A Systematic Review and Meta-Analysis. 

International Journal of Environmental Research 

and Public Health, 15(10), 2210.  

 https://doi.org/10.3390/ijerph15102210 

Rositch, A. F., Burke, A. E., Viscidi, R. P., Silver, M. I., 

Chang, K., & Gravitt, P. E. (2012). Contributions of 

Recent and Past Sexual Partnerships on Incident 

Human Papillomavirus Detection: Acquisition and 

Reactivation in Older Women. Cancer Research, 

72(23), 6183–6190. https://doi.org/10.1158/0008-

5472.can-12-2635 

Sherman, S. M., Castanon, A., Moss, E., & Redman, C. 

W. E. (2015). Cervical Cancer is not Just a Young 

Woman’s Disease. BMJ, 350, h2729. 

https://doi.org/10.1136/bmj.h2729 

Soto-De Leon, S., Camargo, M., Sanchez, R., Munoz, M., 

Perez-Prados, A., Purroy, A., Patarroyo, M. E., & 

Patarroyo, M. A. (2011). Distribution Patterns of 

Infection with Multiple Types of Human 

Papillomaviruses and Their Association with Risk 

Factors. PLoS ONE, 6(2), e14705.  

 https://doi.org/10.1371/journal.pone.0014705 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spînu, A., Anghel, R., Marcu, D., Iorga, D., Cherciu, A., 

& Mischianu, D. (2021). HPV Vaccine for Men: 

Where to? (Review). Experimental and Therapeutic 

Medicine, 22(5), 1266.  

 https://doi.org/10.3892/etm.2021.10701 

Timbang, M. R., Sim, M. W., Bewley, A. F., Farwell, D. 

G., Mantravadi, A., & Moore, M. G. (2019). HPV-

Related Oropharyngeal Cancer: A Review on Burden 

of the Disease and Opportunities for Prevention and 

Early Detection. Human Vaccines and 

Immunotherapeutics, 15(7–8), 1920–1928.  

 https://doi.org/10.1080/21645515.2019.1600985 

Van Dyne, E. A., Henley, S. J., Saraiya, M., Thomas, C. 

C., Markowitz, L. E., & Benard, V. B. (2018). Trends 

in Human Papillomavirus–Associated Cancers-

United States, 1999–2015. Morbidity and Mortality 

Weekly Report, 67(33), 918–924.  

 https://doi.org/10.15585/mmwr.mm6733a2 

Watson, M., Thomas, C. C., Massetti, G. M., McKenna, 

S., Gershenwald, J. E., Laird, S., Iskander, J., & 

Lushniak, B. (2015). CDC Grand Rounds: Prevention 

and Control of Skin Cancer. MMWR. Morbidity and 

Mortality Weekly Report, 64(47), 1312–1314.  

 https://doi.org/10.15585/mmwr.mm6447a2 

Zappacosta, R., Lattanzio, G., Viola, P., Ianieri, M. M., 

Gatta, D. M. P., & Rosini, S. (2014). A Very Rare 

Case of HPV-53-Related Cervical Cancer, in a 79-

Year-Old Woman with a Previous History of 

Negative Pap Cytology. Clinical Interventions in 

Aging, 9, 683–688.  

 https://doi.org/10.2147/cia.s57294 

https://doi.org/10.31557/apjcp.2021.22.9.2729
https://doi.org/10.3390/ijerph15102210
https://doi.org/10.1158/0008-5472.can-12-2635
https://doi.org/10.1158/0008-5472.can-12-2635
https://doi.org/10.1136/bmj.h2729
https://doi.org/10.1371/journal.pone.0014705
https://doi.org/10.3892/etm.2021.10701
https://doi.org/10.1080/21645515.2019.1600985
https://doi.org/10.15585/mmwr.mm6733a2
https://doi.org/10.15585/mmwr.mm6447a2
https://doi.org/10.2147/cia.s57294

