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A B S T R A C T

Background: Data on the patterns of single and multiple HPV infections are largely limited to small
size studies, and the regional difference have not been systematically examined.
Methods: A literature search was conducted using PubMed, Embase, and Web of Science databases
up to Sept 22, 2023. The pooled prevalence of HPV infection were calculated using random-
effects meta-analysis. Subgroup analysis was used to explore the heterogeneity, and publication
bias was evaluated by Egger’s test and Begg’s test.
Results: There were 121 studies included with 1,682,422 participants. Globally, the most common
genotypes of single HPV infection were HPV16 (7.05 %), 18 (1.94 %), 52 (1.93 %), 58 (1.68 %),
and 31 (1.53 %), as well as HPV 16 (4.91 %), 31 (2.68 %), 52 (2.20 %), 51 (1.99 %), and 18 (1.96
%) in multiple HPV infections. Apart from HPV16 and 18, HPV52 and 58 were common in Asia,
HPV31 and 51 was in Europe, North and South America, and HPV35 and 45 were in Africa. The
prevalence of HPV infection among different age groups (<30, 30–50, >50 years age groups) was
20.93 %, 16.27 %, and 18.69 %, respectively. The single HPV infection prevalence in the No-ILs,
LSILs, HSILs, and cervical cancer groups were 16.17 %, 51.60 %, 57.12 %, and 62.88 %,
respectively, as well as in multiple infections were 5.09 %, 30.93 %, 32.86 %, and 21.26 %
Conclusion: Developing local HPV vaccines is necessary based on the HPV infection pattern. It is
essential to educate young women to get vaccinated and encourage elderly women to have
regular cervical cancer screenings to reduce the danger of cervical cancer.

1. Introduction

Cervical cancer is a widespread gynecological malignancy [1]. Human papillomavirus (HPV) infection are known to be closely

* Corresponding author. Maternal and Child Health Development Research Center, Shandong Provincial Maternal and Child Health Care Hospital
Affiliated to Qingdao University, NO. 9-7, Jiangshuiquan Road, Lixia District, Jinan, Shandong, China.

E-mail address: jmsllm@163.com (L. Luo).

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

https://doi.org/10.1016/j.heliyon.2024.e35736
Received 2 February 2024; Received in revised form 1 August 2024; Accepted 2 August 2024

mailto:jmsllm@163.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e35736
https://doi.org/10.1016/j.heliyon.2024.e35736
https://doi.org/10.1016/j.heliyon.2024.e35736
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 10 (2024) e35736

2

related to cervical cancer [2]. HPV vaccination helps prevent certain HPV-related cancers and diseases caused by HPV genotype [3,4].
Studies have shown that HPV infection is associated with age, smoking, sexual activity, number of sexual partners in a lifetime, and
immune deficiency [5]. There are more than 450 HPV genotypes, 54 of which are related to genital tract infection [6,7]. Based on its
carcinogenic potential, it can be divided into high-risk HPV (HR-HPV) and low-risk HPV (LR-HPV) [8]. Additionally, it can be divided
into single infection and multiple infections based on its infection state [9]. To date on the patterns of single and multiple HPV in-
fections have largely been confined to small-sized studies, a systematic review and meta-analysis are essential to gain a comprehensive
understanding of the global pattern of HPV infection.

HPV infection varies significantly between different racial and geographical populations, mainly attributed to the complex
interplay between HPV genotypes, immune responses, and genetic factors [10,11]. For example, HPV16 is themost common genotypes
globally [12], HPV16, 58, and 52 are the predominant genotypes in Asia [13]. HPV16, 39, 31, 68, 52, and 51 are the most common in
Europe [14]. HPV16, 18, and 39 are the primary genotypes in North America [15], and HPV16, 18, 51, and 58 are the most prevalent in
South America [16], while in Africa, the five most commonly detected HR-HPV genotypes are HPV16, 52, 35, 18, and 58 [17].
However, due to the regional differences in HPV infection, it is important to tailor the vaccines to the specific patterns of HPV infection
in different regions.

The impact of multiple HPV infections on the risk of squamous intraepithelial lesions (SILs) is controversial [18]. Generally, single
HPV infection is more common than multiple infections in cases of chronic cervicitis/low-grade squamous intraepithelial lesions
(LSILs), while multiple infections are more likely to be found in high-grade squamous intraepithelial lesions (HSILs) [19]. However,
some studies have suggested that single HPV infection is more likely to lead to cervical cancer than multiple infections [11,20]. At
present, the most effective way to prevent cervical cancer is to take primary and secondary prevention measures.

This study aimed to evaluate the patterns of HPV infection among women globally and regionally, and provide guidance for the
development of HPV vaccines, and the regional prevention and treatment of cervical cancer.

2. Methods and methods

2.1. Search strategy and selection criteria

This systematic review and meta-analysis is reported according to PRISMA guidelines [21]. The protocol of this systematic review
was published on PROSPERO, number CRD42023472006. Available literature was first searched through the online bibliographic
databases PubMed, Embase, and Web of Science databases without language restrictions for studies published from their inception to
Sept 22, 2023. The search string used for the research included three main concepts: “human papillomavirus/HPV”, “cervical can-
cer/squamous intraepithelial lesions”, “coinfection/multiple infections/single infection”. This search strategy, which included all
identified keywords and index terms, was customized for each database. The search strategies were detailed in supplementary ma-
terials (Table S1).

2.2. Inclusion and exclusion criteria

Inclusion criteria: The study must provide at least one indicator to characterize single and multiple HPV infections in the female
genital tract: (1) The number of different infection status of specific genotypes; (2) The number of different infection status of age; (3)
The number of different infection status of SILs.

Exclusion criteria were as follows: (1) Duplicates, incomplete data and inaccessible full-text publications; (2) Studies subjects were
HPV-positive, vaccinated, males/mixed-sex, pregnant women; (3) Studies of comorbidities with other diseases (HIV, oral cancer,
esophageal cancer, and trachoma, etc.).

2.3. Data extraction

The citations were retrieved and imported into EndNote X9 (Thomson Reuters, Stamford, CT, USA), and duplicate records were
removed. Each study was validated and checked by two reviewers (DZ and JX) and in case of dispute a third reviewer (LML) was
assigned. We extracted the following data from included studies: (1) basic information: first author, year of publication, study region,
sample size; (2) the number of HPV-positive (include single infection and multiple infections) cases, the number of sample cases in
different age groups (<30, 30–50, >50 years age groups) and different levels of SILs, as well as the number of specific HPV genotype,
age, region and SILs grade group. (3) outcome: the prevalence of HPV infection (including single infection and multiple infections),
genotype specific HPV, and the prevalence of HPV infection, stratified by region, ages, and SILs grade. Of these, 0.01 % (36/354,656)
positive samples could not be distinguished between different infection status and were negligible, and the number of different
infection status given in the literature was extracted for this study.

The female genital tumors were classified into four grades of SILs diagnosis: No-ILs, LSILs, HSILs and cervical cancer [22]. We
included 17 HR-HPV genotypes (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68 73, and 82).

2.4. Statistical analysis

Meta-analyses of the pooled prevalence estimates were carried out by R 4.1.2 (R Foundation for Statistical Computing). We applied
the Shapiro-Wilk test and Kolmogorov-Smirnov test for normality to select the closest normal distribution for the meta-analysis. The

D. Zhou et al.



Heliyon 10 (2024) e35736

3

heterogeneity was examined using the I2 statistic. If the heterogeneity was high (I2 ≥ 50 % or p ≤ 0.1), it indicated that there was
heterogeneity between each study, and a random effect model was used. Conversely, a fixed effect model was selected. SPSS26 (IBM
Corp., Armonk, NY, USA) was used to conduct χ2 test to compare the prevalence of HPV infection across different age groups. A leave-
one-out sensitivity analysis was performed to assess the robustness of the pooled results. Subgroup analyses were performed to explore
the heterogeneity according to the following characteristics: sample source, sample size, study region, year of publication, as well as
HPV-positive characteristics. Publication bias was evaluated using Egger’s test and Begg’s test. Differences were considered as sta-
tistically significant when p < 0.05.

3. Results

3.1. Characteristics of include literature

This study identified 3741 relevant studies, with 942 duplicates excluded. After reading the titles and abstracts, 2588 studies were
excluded, and the remaining 211 studies were read in full-text. According to the inclusion and exclusion criteria, 121 literature were
rescreened and ultimately included with 1,682,422 samples (Fig. 1). Most studies involved Asia (51 %), Europe (24 %), Africa (12 %),
South America (7 %), and North America (6 %). The publication period extended from 1997 to 2023. The details were in the sup-
plementary materials (Table S2).

Fig. 1. PRISMA flow diagram of the studies included in meta-analysis.
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3.2. Analysis of HPV infection

The pooled prevalence of HPV infection was 53.72 % (95 % CI: 46.25%–61.02 %), and the prevalence of single infection and
multiple HPV infections was 25.60 % (95%CI: 22.59%–29.01 %), 13.43 % (95 % CI: 11.16%–16.08 %), respectively.

Globally, the genotypes of single HPV infection were HPV16 (7.05 %), 18 (1.94 %), 52 (1.93 %), 58 (1.68 %), and 31 (1.53 %), and
the genotypes of multiple infections were HPV16 (4.91 %), 31 (2.68 %), 52 (2.20 %), 51 (1.99 %), and 18 (1.96 %). In addition
toHPV16 and 18, HPV52 and 58 were prevalent in Asia, HPV31 and 51 were common in Europe, North and South America.
Furthermore, HPV35 and 45 appeared to be restricted to Africa. The details of HPV infection in various regions were shown in Table 1.

3.3. Analysis of age and HPV infection

The participants were divided into three groups according to age (<30, 30–50,>50 years age group). The HPV infection prevalence
calculated for each age group ranged from 16.27 % to 20.93 %, the prevalence initially decreased from the peak observed among
women<30 years age group (20.93 %) until the 30–50 years age group (16.27 %), there is an increasing trend at >50 years age group
(18.69 %). After stratification by age, single HPV infection was dominant in all age groups, with the highest prevalence in the <30
years age group (13.70 %). The trend in multiple HPV infections was consistent with the overall trend. The highest prevalence of
multiple infections was in the<30 years age group (7.23 %), followed by the >50 years age group (5.74 %) Trends in the proportional
distribution of single and multiple HPV infections were roughly the same as for HPV infection prevalence. The difference between age
and HPV infection was statistically significant (p < 0.001), (Table 2).

3.4. Analysis of single and multiple HPV infections in SILs

There were statistically significant differences in single infection and multiple infections among different SILs (p < 0.001). The
single HPV infection prevalence in the No-ILs, LSILs, HSILs, and cervical cancer groups were 16.17 %, 51.60 %, 57.12 %, and 62.88 %,
respectively, as well as in multiple infections was 5.09 %, 30.93 %, 32.86 %, and 21.26 % (Table 3). Multiple HPV infections are
associated with a greater risk of LSILs and HSILs as the duration of the infection was longer, which may speed up the development of
cancer.

3.5. Sources of heterogeneity, sensitivity analysis, and publication bias

The heterogeneity between studies was significant, and I2 = 99.9 %. Therefore, the random-effects model was used in the meta-
analysis. Subgroup analysis was conducted based on sample source, sample size, study region, publication year, and HPV positive
characteristics. The results showed that sample source, sample size, region and year of publication were the main heterogeneity
sources of HPV infection (Table 4). With regard to “leave one out” sensitivity analysis, the pooled prevalence of HPV infection
remained stable, indicating the reliability of the meta-analysis. According to the Egger’s test (p= 0.059) and Begg’s test (p= 0.078), no
publication bias was found in this study.

4. Discussion

The study, which summarized 121 studies, aimed to understand the pattern of HPV infection of female genital tract in different
regions. This study would provide data support for the development and vaccination of HPV vaccines, as well as personalized and
regional prevention and treatment strategies for cervical cancer.

We found that the prevalence of HPV infection in women worldwide was 53.72 %, and the single and multiple HPV infections
prevalence were 25.60 % and 13.43 %, respectively. Recent studies reported that HPV infection prevalence was 15.13 %–57.86 % [10,
13], Single and multiple HPV infections were 11.62%–44.35 % [10,13] and 2.78%–14.32 % [23,24], respectively, we performed
subgroup analysis and found that the prevalence of HPV infection in patients with abnormal cervix was significantly higher than that in
normal cervical populations. In addition to the significant regional differences, the sample size was also a notable source of hetero-
geneity. The majority of studies with smaller sample sizes (less than 500 participants) were SILs populations which exhibited a
relatively higher prevalence. The participants (>3000) were mainly screening populations, and the prevalence was relatively low. Our
study found the prevalence of HPV in South America was highest (81.84 %), which was noteworthy.

HPV vaccination helps prevent certain HPV-related cancers and diseases caused by HPV genotypes [3,25]. Regarding the impact of
vaccination on HPV prevalence, a large number of studies has confirmed the effectiveness of the vaccine in lowering the incidence of
HSIL and cervical cancer among vaccinated women [26–28]. The study found that the risk of genital warts was reduced by nearly 40 %
with each dose of HPV vaccines and by 80 % overall after three doses of quadrivalent vaccine, compared with unvaccinated controls
[29]. HPV infection is known to be a risk factor for cervical cancer [2]. We found that the most widespread HPV genotypes infection
worldwide were HPV16, 18, 52, and 58. Our study has demonstrated that HPV31and 51 were the prevalent genotype in Europe, North
America, and South America, which was consistent with previous studies [17,30,31,32]. Additionally, HPV33 was common in Asia,
and HPV39 was only common in North America [15,33,34], which was consistent with our findings. HPV35 and 45 were only common
in Africa, which was in line with previous study [12,35,36.] A meta-analysis study on the prevalence of vaccine and nonvaccine HPV
genotypes in Asia and Africa found that HPV35 appears to be the major correlate of cervical carcinogenesis in Africa, also there was
currently no vaccine to prevent HPV35 [17]. HPV35 is the second most common HPV genotype in Africa, closely related to the

D. Zhou et al.



Heliyon10(2024)e35736

5

Table 1
Results of meta-analysis of genotype distribution in different regions.

Genotype HPV prevalence (%)

Global Asia Europe Africa North America South America

Single
infection

Multiple
Infection

Single
infection

Multiple
infection

Single
infection

Multiple
infection

Single
infection

Multiple
infection

Single
infection

Multiple
infection

Single
infection

Multiple
infection

HPV16 7.05 4.91 6.49 3.07 8.48 8.71 4.32 5.73 12.07 8.50 18.81 19.22
HPV18 1.94 1.96 1.17 0.89 0.96 3.87 2.1 4.75 2.42 3.22 1.97 6.77
HPV31 1.53 2.68 0.69 0.78 2.84 4.53 0.69 2.47 1.16 4.67 2.23 5.76
HPV33 0.74 1.45 0.87 0.87 0.83 1.88 0.04 0.98 0.6 2.19 0.78 2.87
HPV35 0.40 0.98 0.26 0.37 0.43 1.01 1.04 2.85 0.33 1.48 0.77 3.27
HPV39 0.76 1.13 0.75 0.84 0.69 0.92 0.24 0.49 1.59 2.1 0.57 3.18
HPV45 0.49 1.23 0.29 0.3 0.58 1.34 1.35 3.83 0.54 1.93 0.55 2.00
HPV51 1.02 1.99 0.75 0.8 1.49 3.51 0.35 0.67 1.88 2.59 1.61 6.93
HPV52 1.93 2.20 2.39 1.47 1.56 2.97 0.57 1.21 1.92 2.85 1.75 6.57
HPV53 0.73 1.35 0.47 0.72 1.22 2.28 – – 0.94 2.72 – –
HPV56 0.73 1.25 0.57 0.64 0.63 1.44 0.88 1.43 0.79 1.91 0.78 3.65
HPV58 1.68 1.96 1.82 1.21 0.92 2.21 1.61 2.03 0.63 2.3 4.28 10.72
HPV59 0.54 1.03 0.52 0.49 0.38 0.44 0.99 2.17 0.51 2.31 0.59 3.03
HPV66 0.63 1.04 0.46 0.35 0.83 1.58 0.63 1.12 0.81 2.24 – –
HPV68 0.40 0.76 0.52 0.63 0.27 0.82 0.01 0.73 0.35 0.83 – –
HPV73 0.13 0.55 0.12 0.24 0.18 0.37 0.27 0.62 0.12 1.32 – –
HPV82 0.13 0.47 0.11 0.15 0.11 0.63 0.38 0.85 0.14 0.68 – –
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occurrence of cervical cancer in women of African [37]. Therefore, it is essential to screen for HPV35 and treating those infected with
HPV45. The HPV genotype in the genitalia belongs to α genus papillomavirus, including α-9 (16, 31, 33, 35, 52, 58), α-7 (18, 39, 45, 59,
68), α-6 (53, 66), α-5 (51) species [38]. A German study reported that nine-valent HPV vaccine reduced anal cancer by 30% inmen and
14 % in women, and that the nine-valent HPV vaccine in boys reduced the incidence of cancer by 24 % [39]. HPV51, a member of tthe
α-5 species, is not included in the nine-valent HPV vaccine. HPV51 has shown a higher prevalence, in some cases even surpassing that
of HPV16 [32]. A high frequency of multiple infections of HPV 51 with other subtype was found in Italy and Brazil [40,41]. A study in
Italy showed that in patients with cervical intraepithelial neoplasia the most common co-infections were HPV 16–18 and 51–52, and
also multiple infections of three genotypes, such as HPV 16–51-52 [42]. We recommend the inclusion of HPV51 in HPV vaccines for
Europe, North, and South America, as well as HPV35 for Africa. This addition is of great significance for the regional prevention and
control of cervical cancer.

Table 2
Characteristics of HPV infection status in women of different age groups.

HPV infection <30 30–50 >50 χ [2] p

Prevalence
References (n) 29 26 26

Sample 135846 440786 116546
Positive (n/%) 28434 [29.06(22.51–37.51)] 71714 [23.54(17.82–31.11)] 21787 [25.36(18.74–34.33)] 1674.17 <0.001

Single HPV infection(n/%) 18606 [17.54(13.66–22.25)] 57174 [18.26(13.58–24.11)] 15084 [17.48(13.32–22.94)] 51.36 <0.001
Multiple HPV infection(n/%) 9826 [9.62(6.65–13.72)] 14538 [5.54 (3.78–8.13)] 6702 [8.85(5.07–13.56)] 4273.94 <0.001

Percentage
References (n) 46 43 41 4088.98 <0.001

Single infection (n/%) 38625 (69.01) 116486 (81.67) 32562 (73.58)
Multiple infection (n/%) 17344 (30.99) 26146 (18.33) 11692 (26.42)

Table 3
Analysis of single and multiple HPV infections and SILs.

HPV infection status Histology χ [2] p

No-ILs LSILs HSILs CC

prevalence
References(n) 16 22 29 26

Sample 146123 13303 12727 4976
Single infection (n/%) 23629 (16.17) 6864 (51.60) 7270 (57.12) 3129 (62.88) 22767.40 ＜0.001

Multiple infections (n/%) 7433 (5.09) 4114 (30.93) 4182 (32.86) 1058 (21.26) 19332.47 ＜0.001
Percentage

References(n) 25 31 39 33
Single infection (n/%) 24986 (55.70) 7991 (17.81) 8498 (18.94) 3383 (7.54) 1131.18 ＜0.001

Multiple infections (n/%) 8123 (42.81) 4846 (25.54) 4836 (25.48) 1171 (6.17)

Table 4
Subgroup analysis results of HPV infection prevalence.

Subgroups No of studies HPV prevalence (95%CI) p

Sample source <0.001
All No-ILs 28 21.18 (17.24–25.74)
All SILs 48 82.02 (75.35–87.19)

Mixed No-ILs and SILs 45 40.28 (31.86–49.30)
Sample size <0.001
＜500 36 76.97 (68.21–83.89)

500–3000 44 60.73 (49.17–71.20)
＞3000 41 25.26 (19.06–32.65)
Region <0.001
Asia 67 39.63 (31.30–48.62)
Europe 30 69.76 (55.19–81.20)
Africa 8 62.45 (35.99–83.10)

South America 9 81.84 (70.85–89.31)
North America 7 61.19 (40.85–78.26)

Year of publication 0.002
1997–2011 36 66.11 (52.71–77.34)
2012–2018 42 58.87 (45.98–70.66)
2019–2023 43 38.11 (28.81–48.37)

HPV-positive 0.517
Any HPV 109 54.54 (46.70–62.17)
HR HPV 12 46.20 (24.72–69.18)
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It has been speculated that there may be a correlation among different HPV genotypes in multiple infections [43]. There may be
antagonistic effects between HPV genotypes in multiple infections [44,45]. Previous studies have shown that multiple infections with
α-9 genotype could increase the risk of cervical cancer by 5.3 times, andmultiple infections with α-7 genotype could increase the risk of
cervical cancer by 2.5 times [46]. Therefore, the same HPV genotype might have a synergistic effect on the induction of cervical cancer
by multiple infections. Previous studies have reported that HPV16 existed in most multiple infections and was closely related to
cervical cancer [18]. Our study demonstrated that HPV16, when combined with other genotypes (HPV18, 31, 52, 58) constitutes the
predominant in patients with multiple infections. Clinical practices should consider these specific genotypes that are more likely to be
associated with multiple infections.

We discovered that the prevalence of HPV infection varies among different age groups (<30, 30–50, >50 years age groups), the
peak occurred in the <30 years age group, and the second highest rate was observed in the >50 years age group, which was similar to
other studies [13,47–50]. Young women were more susceptible to HPV infection, influenced by factors such as sexual activity, hor-
monal changes, compromised immune systems, and a higher likelihood of acquiring latent viral infections [18]. As women age, the
prevalence of HPV infection rises again in >50 years age group, and the effectiveness of their immune system decreases, making them
more susceptible to persistent HPV infection or virus activation during the incubation period [51]. Several studies have s reported that
the incidence of cervical malignancies exhibits a distinct pattern in all age groups. The occurrence of cervical cancer presents two peak
periods: one in women under 30 years old and another in those over 50 years old [12,24,52]. Most sample included in the age groups
were from No-ILs population, so the prevalence of HPV infection in all age groups was lower than the pooled prevalence of HPV
infection. HPV vaccines demonstrated efficacy in preventing persistent infection and HPV-related precancerous cervical lesions in
women within the age range of 27–45 years [53,54]. Additional studies have explored the potential benefits of HPV vaccination in
older women, specifically those aged 40–45 years and older. These studies indicate that vaccinating older women can still provide
protection against HPV infections and related diseases, such as cervical cancer [55,56,57]. In the UK, the age for discontinuing routine
smear tests, known as the ’exit smear’ age, is set at 65, meanwhile, in some countries, there are proposals to raise this age limit,
enabling women to cease participating in screening programs [58]. Furthermore, the limitations in age stratification within the
original study, preclude the possibility of conducting a more nuanced, detailed age-based stratified analysis to reduce HPV infection, it
is important for young women (<30 years old) to get vaccinated. Additionally, elderly women (>50 years old) should undergo regular
cervical cancer screening.

There was substantial heterogeneity of the included studies. Heterogeneity is often inevitable in meta-analyses of observational
studies, and it does not necessarily invalidate the findings [59]. Subgroup analysis found that sample source and sample size are the
main sources of heterogeneity of HPV infection. Our study also has certain limitations: (1) Due to limited literature across regions, in
the future, we hope to include more data to confirm its reliability. (2) Age stratification is not consistent with the original study, which
makes it impossible to make a more detailed stratified analysis of age.

5. Conclusion

Multiple HPV infections aggravate SILs compared with single infection. The development and promotion of HPV vaccines should be
carried out based on its regional difference. We advocate for the inclusion of HPV51 in HPV vaccines for Europe, North America, and
South America, as well as HPV35 for Africa. It is crucial to raise awareness of the risks associated with HPV infection among young
women under 30 years old. Additionally, regular cervical cancer screenings should be made available to women over 50 years old to
further reduce the incidence of cervical cancer.
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