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Abstract

Background: The epidemiology and impact of multiple concurrent 
Human papillomavirus (HPV) infections on the natural history of 
cervical disease is uncertain, but could have significant implications 
for cervical cancer prevention and HPV vaccination strategies.

Methods: A cross-sectional prevalence study was conducted to 
determine the overall prevalence of HPV and the rate of multiple 
concurrent HPV infections, in a cohort of sexually active HIV-
uninfected South African adolescents. HPV genotyping was 
performed using the polymerase chain reaction.

Results: Overall prevalence of HPV was 64.1%. Multiple concurrent 
HPV infections were found in 43.6% of participants and 68% of 
HPV-infected participants. Non-vaccine high-risk HPV (HR-HPV) 
genotypes were found much more often than vaccine types (HPV16 
and HPV18).

Conclusions: Our cohort of young South African females was 
found to have a high overall prevalence of HPV and multiple 
concurrent HPV infections. Most HR-HPV infections found were 
genotypes other than HPV16 or HPV18.
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Introduction
Human papilloma viruses (HPV) cause cervical cancer [1], the 

single largest cause of years of life lost from cancer in the developing 
world [2]. While most infections with HPV are transient [3], some 
infections persist, causing cervical dysplasia, and ultimately invasive 
cervical cancer. The impact of multiple concurrent infections with two 
or more different HPV genotypes on the natural history of infection 
and cervical disease is a matter of controversy. The epidemiology 
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and impact of multiple concurrent HPV infections has important 
implications for HPV vaccination and cervical cancer screening. 

South African women are among the highest risk groups for 
developing and dying from invasive cervical cancer [4]. We aimed to 
determine the overall HPV prevalence and the prevalence of multiple 
concurrent cervical HPV infections among a cohort of sexually active 
HIV-uninfected South African adolescent females with normal 
cervical cytology. The results of our cross-sectional study reveal an 
extraordinarily high rate of multiple concurrent HPV infections in 
our study population. We present our results in light of previously 
reported prevalence rates, and discuss the implications of multiple 
concurrent HPV infections.

Methods
Between July 2010 and April 2012, we conducted a cross-sectional 

prevalence study, in which cervical specimens were collected from 
39 sexually active HIV-uninfected South African adolescent females 
who were being screened for possible recruitment into an HPV 
vaccine acceptability study. None of the study participants had been 
vaccinated against HPV at the time of enrollment, and all underwent 
HIV testing to confirm HIV-negative status. HPV DNA analysis 
was conducted on specimens from all study participants, and HPV 
Genotyping was performed using Roche’s Linear Array Test (Roche 
Diagnostics, 9115 Hague Road, Indianapolis, Indiana 46250, USA). 
This detection kit amplifies target DNA utilizing polymerase chain 
reaction, and is designed to detect 37 human genital HPV genotypes, 
including all 15 “high-risk” oncogenic HPV types (HR-HPV), as well 
as the three HPV types identified as “probable high-risk” [5]. 

Cervical smears were obtained from 30 of the 39 participants, 
and were reported in accordance with the Bethesda system [6]. Data 
analysis was conducted using R statistical software. Ethical approval 
was granted by the review boards of the Universities of Rochester, 
Cape Town, and the Witwatersrand, and informed consent was 
obtained from all participants.

Results
The mean age of our cohort was 16.88 years (median 17.27; IQR 

1.22). None of the covariates for which we collected data (weight, 
smoking history, number of sexual partners, pregnancy history and 
contraception use), were significantly associated with the risk of 
having multiple concurrent infections (data not shown). Among the 
30 participants who had pap smears, all were normal, except one who 
had atypical squamous cells of undetermined significance. 

The prevalence of HPV overall, as well as the proportion of 
subjects with multiple concurrent HPV infections are presented in 
table 1. Overall, 25 of 39 (64.1%) participants were infected with at 
least one HPV type, and 21 (54%) were infected with at least one HR-
HPV. Seventeen (43.6%) of the participants had multiple concurrent 
infections. Among the participants who were HPV positive, 68% were 
infected with multiple types. 

Interestingly, despite the high proportion of subjects infected 
with HR-HPV, the proportion infected with the vaccine genotypes 
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(HPV16, and/or HPV18), was modest at 15.4%. Furthermore, among 
HR-HPV infected participants, 90.5% were infected with a non-
vaccine genotype.

Figure 1 shows the overall prevalence of each genotype found in 
our cohort, as well as the portion of that prevalence that occurred in 
the setting of multiple concurrent infections. For example, all four 
occurrences of HPV16 were found in the presence of at least one 
other genotype, whereas one of the two occurrences of HPV18 was 
found as a solitary infection.

Discussion
Sub-Saharan Africa has the highest regional prevalence of 

HPV infection in the world [7,8]. Although the age-standardized 
prevalence of HPV in this region is approximately five times higher 
than that in Europe, most Sub-Saharan populations have limited 
access to HPV vaccination and secondary cervical cancer preventive 
services [8]. In a 2007 meta-analysis of worldwide HPV prevalence 
among cytologically normal women, the prevalence for Africa 
overall was reported as 22.1% [7]. This is significantly lower than the 
64% prevalence found in our cohort. A similar pooled analysis of 
worldwide HPV prevalence studies found the prevalence of multiple 
concurrent HPV infections to be 2.6%, compared to a rate of 44% in 
our cohort.

Past studies of South African populations have identified high 
prevalence rates of HPV. Allan et al. [9] found an overall HPV 
prevalence of 20.4%, and an 8.8% prevalence of multiple concurrent 
infections among women with normal cervical cytology. Said et al. 
[10] reported a 40% overall HPV prevalence among cytologically 
normal South African women, and multiple infections in 48% of 
those who were HPV positive. The results from our cohort, although 
smaller in size, stand out even among these regional data. While 
higher than normal rates of multiple concurrent HPV infection 
would be expected among HIV-infected women [11,12], our study 
population consisted entirely of HIV-uninfected young women. One 
factor contributing to this high prevalence may be the young age of 
our cohort. A number of studies have found that an increased risk of 
multiple concurrent HPV infections is associated with younger age 
[13-15]. Although our cohort had an extremely high prevalence of 
HR-HPV (54%), we found a relatively low prevalence of the vaccine 
HR-HPV genotypes (HPV16 and HPV18). This raises concerns that 
even if widely available, the current HPV vaccines may not prevent 
infection with the majority of HR-HPV in this population.

The significance of multiple concurrent HPV infections is a 
matter of ongoing debate, and there is no clear consensus in the 
literature, regarding the impact of this phenomenon on the natural 
history of cervical cancer. It has been observed for well over a decade 

Observed Proportion 95% CIa

Any HPV 25 0.641 (0.4718, 0.788)

Any HR-HPV 21 0.538 (0.3718, 0.6991)

Any LR-HPV 15 0.385 (0.2336, 0.5538)

Multiple concurrent HPV infection
(any combination of genotypes) 17 0.436 (0.2781, 0.6038)

Multiple concurrent HPV infection given HPV positive 17 0.68 (0.465, 0.8505)

Positive for vaccine HR-HPV (HPV 16 and/or HPV 18) 6 0.154 (0.0586, 0.3053)

Positive for non-vaccine HR-HPV 19 0.487 (0.3242, 0.6522)

Positive for non-vaccine HR-HPV given positive for any HR-HPV 19 0.905 (0.6962, 0.9883)

Table 1: Proportion of sample population with HPV infection and multiple concurrent HPV infections (N=39).

aThe methods used are exact binomial 95% confidence intervals for proportions based on the Clopper-Pearson method

Figure 1: Overall prevalence of individual HPV genotypes and portion of prevalence that occurs in the setting of multiple concurrent infections.
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that an increased duration of infection with HR-HPV is associated 
with an increased risk of cervical dysplasia [16,17]. There is some 
evidence that multiple concurrent HPV infections are associated with 
increased duration of infection, and, therefore could increase the 
risk of cervical disease, compared to single HPV infections. Trottier 
et al. [18] found that the mean duration of infection for any HPV 
infection increased from 10.2 months to 12.7 months, when at least 
one HPV co-infection was present. The mean duration of an HR-
HPV infection increased from 10.1 to 13.5 months, and the mean 
duration of an HPV16 infection increased from 11.0 to 15.4 months 
[18]. Other studies have not identified any increase in duration of 
infection with multiple concurrent infections [19,20].

A number of studies have investigated whether there may be an 
increased risk of cervical disease associated with multiple concurrent 
HPV infections. Bello et al. [21] identified a linear relationship between 
the number of concurrent infections and the class of risk for both 
cytological and histological findings. Other studies have identified 
a similar increased risk [22-25]. While Chaturvedi et al. [23] found 
this increased risk of multiple concurrent infections to be additive 
in nature, Trottier et al. [22] concluded that multiple infections act 
synergistically in carcinogenesis. In contrast, in a analysis of cytology 
samples from a screening population, Cuschieri et al. [13] found that 
there was no association between the number of HPV infections and 
the severity of cervical dysplasia.

Finally, there is ongoing uncertainty, as to whether different 
HPV genotypes interact biologically to cluster in co-infection. 
Clustering could have significant implications for the impact of HPV 
vaccination, as it relates to cross protection. To date, the results of 
research into clustering of HPV genotypes in co-infection has been 
mixed. While some investigators have reported positive evidence for 
this phenomenon [26,27], many have not [28-31].

Understanding the epidemiology of multiple concurrent HPV 
infections and their impact on the natural history of cervical disease 
is essential to planning effective cervical cancer screening and HPV 
vaccination strategies. Our study, while limited by a small sample 
size, describes an unusually young and high-risk population, with 
an extraordinarily high overall HPV prevalence and prevalence of 
multiple concurrent HPV infections. 
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