




Figure 2. Human papillomavirus (HPV) prevalence and 95% confidence intervals (shaded areas) by region and age. See Table 1 for contributing
studies.
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Table 4. Adjusted Human Papillomavirus (HPV)
Prevalence by Region and Age Group

This table is available in its entirety in the
online version of the Journal of Infectious Diseases.

quent types (Figure 3) happened to be those most often tested

for, the general distribution is consistent with previous IARC

surveys that used the same protocols and wide-spectrum HPV

testing methods [9]. HPV-16 was not only the most prevalent

type but also had a high relative contribution compared with

other types. Among HPV-positive women, HPV-16 accounted

for 122% of HPV infections. Interestingly, this contribution

correlated inversely with the overall HPV prevalence, with the

result that the regions with higher HPV prevalences had the

lowest relative contributions of HPV-16. This pattern is ex-

plained by a higher prevalence of other HPV types in areas

where HPV is extremely common (ie, Africa), and the increase

is not explained by the contribution of any other single type.

This variability in the contribution of HPV-16 may translate

into a difference in the fraction of cervical squamous cell car-

cinoma attributable to HPV-16 in the corresponding regions.

International correlation between the prevalence of high-risk

HPV infection in the general population and its cervical cancer

burden has been shown, mostly at elderly ages [18]. This cor-

respondence is also present in our results; the regions with high

HPV prevalences are the ones with the highest cervical cancer

incidences, and the regions with lower prevalences had the

lowest incidences. However, 2 regions did not follow this pat-

tern: Southern Asia and Eastern Europe. Studies from Southern

Asia, mostly from India, presented a relatively high incidence

rate of cervical cancer (age-standardized incidence rate [ASIR],

25.0 new cases per 100,000 women per year) [19] but low HPV

prevalence estimates, with an overall adjusted prevalence of

7.1% (Table 2 and Figure 1). Eastern Europe was the opposite,

presenting a high HPV prevalence (21.4%) (Table 2) but a

relatively low incidence (ASIR, 14.5 new cases per 100,000

women per year [below the worldwide ASIR of 15.2]) [19].

Age-specific HPV distribution presents as either a bimodal

curve or a unimodal distribution skewed to the left (Figure 2).

The reasons behind these 2 different patterns are still contro-

versial. The detection of HPV infection in women has been

found to start consistently with a peak just after the onset of

sexual relations, usually from 15 years of age [20], reaching

prevalences up to 80% in some populations [16], mostly at the

expense of transient infections that clear rapidly [21]. The first

mode of HPV infection observed in women !25 years old

(Figure 2) reflects this pattern, although the present meta-anal-

ysis was blind to the beginning, attainment, and exact age at

the maximum of this peak. Figure 2 shows how after this first

peak the prevalence of infection gradually declined to a plateau

in middle-aged women.

In some populations a less steep second peak in older women

has also been observed [7, 22, 23], and in 2 large Central

American studies this second peak was even equal to the first

peak [24, 25]. It has been hypothesized that immunosenescence,

changes in sexual behavior during middle age (both for men

and women), or a cohort effect may play a role [7]. Other

scientists have suggested that this perimenopausal increase may

be mostly due to higher rates of HPV persistence at older ages

rather than new HPV acquisition, partly at the expense of in-

fection with low-risk types [26]. In contrast, no association

between age and duration of incident HPV infections was ob-

served in other similar large Latin American cohort studies [27,

28]. The Colombian cohort study presented a bimodal age-

specific curve for incident HPV infections, showing a second

peak of high-risk HPV infections around menopause [29]. An-

other factor to consider is cytological screening. Screening not

only reduces the burden of precancerous lesions and related

persistent HPV infections, but removal of lesions may have a

direct antigen-presenting effect that could protect against sub-

sequent HPV infections [30]. Regions with effective screening

in age groups !40 years may therefore have this second peak

attenuated, as consistently observed in Europe and Northern

America (Figure 2). Supporting the latter possibility, the Costa

Rica study presented a clear U-shaped curve of age-specific

HPV prevalence at enrollment, but at follow-up, when this

population was effectively screened, the curve proved much less

pronounced [26]. Other studies have shown that HPV preva-

lence was independently associated with perimenopausal status

[31], thus implying some hormonal interaction with the HPV

life cycle. Althoff et al [31] suggested that geographical vari-

ability in this second peak may be partially explained by indirect

indicators of menopausal hormonal patterns, such as body mass

index and ethnicity, and not only age. The second peak of HPV

prevalence might be multifactorial and result from the interplay

of sexual behavior [32], viral characteristics such as HPV type

and variants [33], host susceptibility, and previous individual

screening practices.

One of the difficulties in the interpretation of meta-analyses

is to properly accommodate the heterogeneity of the studies.

In our analysis, heterogeneity regarding methods of HPV de-

tection and the selection and representativeness of the popu-

lations were the most influential variables (Figure 1).

To limit heterogeneity related to HPV detection methods,

only those studies using PCR-based methods or HC2 were

included. However, sensitivity and specificity within PCR-based

methods vary largely, aside from built-in changes due to the

development of techniques over time. Women from the same

underlying population tested with different techniques may

double or even triple the estimated HPV prevalence. For in-

stance, a sample of 196 Mozambican women with normal cy-

tological findings showed HPV prevalences as diverse as 32.1%
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Figure 3. Type-specific human papillomavirus (HPV) prevalence for most frequent HPV types by geographical region. Type-specific HPV prevalence
is weighted by study size and standardized by the world’s geographical structure. See Table 1 for contributing studies.

and 76.0% by PCR with PGMY09/11 and SPF10, respectively

[34, 35]. A large number of comparative studies have presented

HC2 as the HPV detection method with the lowest analytical

sensitivities but with a validated clinical value for screening.

PCR with GP5+/6+ and PGMY09/11 showed intermediate an-

alytical sensitivity, and PCR with SPF10 showed the highest

sensitivity [36, 37], particularly at very low concentrations of

HPV, which is common in normal cytological findings [38].

Another source of variability is the differential sensitivity of

PCR primers sets to specific HPV types [39], especially with

the less frequent types. Although type-specific prevalences have

been estimated only for the corresponding targeted types in

each study, certain types may be underestimated in some re-

gions relative to others where more sensitive techniques were

used. The type-specific performance of the assays depends not

only on the technique but also on the laboratory and the pro-

cessing of the specimen [37]. The standardization of protocols

and techniques in population-based genotyping characteriza-

tions is crucial for HPV vaccine surveillance and international

comparisons [40].

Women included in most of the studies were participants in

cervical screening programs or, to a lesser extent, were from

population-based surveys. The rationale behind the strict in-

clusion of women with normal cytological findings was to min-

imize the selection bias in studies recruiting women from col-

poscopic clinics or from clinical settings with a higher proportion
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of women with cytological abnormalities—and thus HPV infec-

tion—than in the general population. Cytology, however, is a

subjective and poorly reproducible test with limited sensitivity

that requires regular repetitions to achieve the desired efficacy

[41]. Even when an analysis is restricted to women considered

to be cytologically normal, false-negative rates may differ between

settings and affect HPV prevalence estimates. However, consid-

ering that interobserver variability is low in women with normal

cytological findings, we propose that HPV in such women is a

robust conservative estimate of the HPV prevalence in the general

population, allowing comparisons across populations.

Geographical representation of the studies included in the

meta-analysis differed from the real-world distribution of pop-

ulation. European and Northern American studies contributed

the most (22.6% and 63.4%, respectively) while accounting for

only 19.6% of the worldwide population. To overcome the

studies’ lack of geographical representativeness and to generate

a global summary estimate, all HPV prevalence estimates were

standardized by the world’s population structure, and countries

with greater populations were given more weight, irrespective

of the number of studies or the number of women studied

from these countries.

In summary, HPV prevalence and type distribution restricted

to women with normal cytological findings may be the indicator

of choice when population-based sampling is not available or

feasible. It allows interpretation and comparisons based on a

large number of reports from screening studies and generates

slightly conservative estimates less influenced by interobserver

variability in cytological readings. This meta-analysis confirms

the high prevalence of HPV infection in cross-sectional mea-

surements among women with normal cytological findings

worldwide, although findings are highly variable depending on

the population, and it further indicates that the vast majority

of detected HPV infections include high-risk types.
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