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Abstract

Background: The clinical significance of co-infections with high-risk (HR) and low-risk (LR) human papillomavirus (HPV) 
in the etiology of cervical cancer is debated, as prospective evidence on this issue is limited. However, the question is of 
increasing relevance in relation to HPV-based cancer prevention.

Methods: In two population-based nested case-control studies among women participating in cervical screening with 
baseline normal smears, we collected 4659 smears from women who later developed cancer in situ (CIS; n = 524) or 
squamous cervical cancer (SCC; n = 378) and individually matched control subjects who remained free of disease during 
study follow-up. The median follow-up until diagnosis was 6.4 to 7.8 years. All smears were tested for HPV. We used 
conditional logistic regression models with two-way interaction terms to estimate relative risks (RRs) for CIS and SCC, 
respectively. All statistical tests were two-sided.

Results: Compared with women who were infected with HRHPV only, women who were also infected with LRHPV had a 
lower risk for SCC (RR = 0.2, 95% confidence interval [CI] = 0.04 to 0.99, P = .049). This interaction was not shown for CIS 
(RR = 1.1, 95% CI = 0.4 to 3.6). Women who were positive for both HRHPV and LRHPV had, on average, a 4.8 year longer time 
to diagnosis of SCC than women who were positive for HRHPV only (P = .006). Results were highly robust in sensitivity 
analyses.

Conclusion: Co-infection with LRHPV is associated with a lower risk of future invasive disease and longer time to diagnosis 
than infection with HRHPV alone. We propose that co-infection with LRHPV interferes with the rate of progression to 
invasive cervical cancer.

Infection with carcinogenic “high-risk” human papillomavirus 
types (HRHPV) is a necessary but not sufficient cause of cervical 
cancer worldwide (1). Low-risk HPV types (LRHPV) have negli-
gible carcinogenic potential in the cervix uteri, but can cause 
condyloma (external genital warts), which also constitutes 
a large disease burden (2). Condyloma has an incidence peak 

similar to other sexually transmitted infections, ie, at age 15 to 
24 years (3), and has been linked to increased subsequent risks 
for HPV-related cancers in several studies (4,5). Clearly, this risk 
association could be confounded by several unmeasured fac-
tors, above all concurrent infection with HRHPV types, the sta-
tus of which is unknown in register-based studies. Also, women 
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with manifest condyloma development may not be representa-
tive of all women infected with genital LRHPV, thus serving as 
an imperfect proxy for inference on any putative relationship 
between LRHPV and cancer.

Indeed, seropositivity for both LR HPV6/11 and HRHPV16 
has been shown to lead to a statistically significant antago-
nistic interaction effect, ie, a reduced risk for cervical cancer, 
compared with expected (6–9). However, seropositivity is an 
imperfect measure of HPV status, not the least because it can-
not distinguish between past and present infection. There is a 
distinct paucity of HPV DNA-based longitudinal data concern-
ing interaction effects between HPV types in invasive cervical 
cancer. Yet with the advent of HPV-based screening and vacci-
nation, additional understanding is important. This would con-
cern both interactions between LRHPV and HRHPV, as well as 
between current HPV vaccine and nonvaccine types of HRHPV 
(ie, 16/18 vs non-16/18 HRHPV). We therefore investigated inter-
actions between HPV types in a large, well-established popula-
tion-based longitudinal study.

Methods

Participants

The source population was defined by using the Swedish 
National Cervical Screening Register (NCSR) to extract records 
on all Swedish women (1 459 258) who participated in cervical 
screening within one of 10 county laboratories in six Swedish 
counties during the period of 1969 to 2002. We then selected a 
cohort of 1 431 724 women whose first registered smear (defin-
ing the entry to our study) was classified as cytologically normal, 
as previously described (10,11). Records from this cohort were 
then linked—using individual personal identification num-
bers—to the Swedish National Cancer Register (NCR) to identify 
all women with a first diagnosis of cancer in situ (CIS) or invasive 
squamous cell carcinoma (SCC) after entry in our study. A diag-
nosis of CIS in the NCR translates internationally to a diagnosis 
of cervical intraepithelial neoplasia grade 3 (CIN3).

One control subject—matched on county laboratory, date of 
entry into cohort (+/-3 months), and age at first normal smear 
(+/-1 year)—was randomly selected for each CIS and SCC case 
subject. All available smears from the case subject and the con-
trol subject taken prior to the date of diagnosis of the case were 
retrieved from biobank archives.

Smear Analyses

Matched case subjects and control subjects were analyzed in a 
strictly blinded fashion, in the same batches at the same calen-
dar time. DNA extraction was performed by validated methods 
(12). All smears were analyzed for the presence of seven low-risk 
HPV types (HPV 6, 7, 11, 42, 43, 70, and 90) and 16 high-risk HPV 
types (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 73, 
and 82).

The polymerase chain reaction (PCR) amplification of a 
consensus region using GP5+/6+ primers (13) was followed by 
HPV type detection (14) through detection of biotinylated HPV 
amplicons by a multiplex fluorescent bead-based assay (15). The 
presence of amplifiable DNA in the samples was determined by 
real-time polymerase chain reaction (PCR) for the housekeeping 
β-globin gene. In HPV16-positive samples, we further quantified 
the viral load, measured as an absolute number of viral copies of 
the E7 gene per microliter, using the validated Taqman real-time 
quantitative PCR method (16). HPV analyses were performed in 

the World Health Organization HPV LabNet Global Reference 
Laboratory (Malmö, Sweden). These methods have been previ-
ously described in detail (10,11). All available histologies from 
case subjects were rereviewed by a senior pathologist.

Initially, 5336 smears were eligible for statistical analyses. We 
subsequently excluded 125 smears with negative β-globin value, 
30 smears that were taken on the date of diagnosis, 237 smears 
that were part of the diagnostic work-up of the case and 285 
smears from incomplete case-control pairs (because either the 
case subject or the control subject did not have any eligible Pap 
smears). Hence 4659 smears belonging to 524 complete case-
control pairs of CIS and 378 cases of SCC remained. For case-
only analyses, we used 1625 smears from 573 CIS case subjects 
and 1239 smears from 418 SCC case subjects.

Statistical Analyses

Because of the matched design, conditional logistic regression 
was used to estimate odds ratios (ORs) and 95% confidence 
intervals (CIs). These were interpreted as estimates of rela-
tive risk (RR) of CIS or SCC in HPV-exposed women. Pooled risk 
estimates were calculated for all high-risk types (HRHPV), for 
HPV16 and/or 18 (HPV16/18), for all high-risk HPV types exclud-
ing HPV16 and 18 (non-16/18 HRHPV), and for all low-risk HPV 
types (LRHPV).

We analyzed separately the risk associated with HPV infec-
tion in the first and in the last smear prior to the case sub-
ject’s diagnosis. We defined exposure categories as follows: 
1) HPV16/18—the first/last smear being positive for HPV16 and/
or 18; 2) non-16/18 HRHPV—the first/last smear being positive 
for one or more high-risk HPV types other than HPV16 or 18; 
3)  LRHPV—the first/last smear being positive for one or more 
low-risk HPV types. We further included interaction terms for 
each category 1–3 in our regression model as follows:	

Logit HPV16 / 18 non16 / 18HR HPV LRHPV

HPV16 / 18 * 
1 2 3

4

π β + β β
β

( ) = +
+ nnon16 / 18HRHPV

HPV16 / 18 * LRHPV

non16 / 18HR HPV * LRHPV
5

6

+
+

β
β

This model includes both main effects for the separate catego-
ries (β1, β2, and β3), as well as the interaction effects for com-
binations of exposure categories (parameters β4, β5, and β6). We 
modeled only two-way interactions (ie, the risk in women posi-
tive for two categories in the same smear), as there were too few 
women positive for all three categories in the same smear for 
reliable estimation.

In order to enable investigation interaction effects between 
all HRHPV and all LRHPV, we also performed an estimation using 
a collapsed model, where categories 1 and 2 above were com-
bined into one exposure.

In these models, we can conveniently compare relative 
risks (RRs) between different exposures and exposure combi-
nations as sums and differences of the parameters (contrasts), 
depending on the focus of the investigation. In our initial anal-
ysis, we estimated the risk for CIS and SCC in women exposed 
to any HPV compared with women unexposed to any HPV 
(HPV positive in any combinations vs an HPV-negative refer-
ence group).

In a second analysis, we estimated the risk for CIS and SCC 
in women with a double category infection, compared with sin-
gle category HPV infection (eg, HRHPV+LRHPV vs an HRHPV-only 
reference group).
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In a case-only analysis, we used linear regression to model 
time to diagnosis (as a continuous variable in years) and viral 
load of HPV16 (as a continuous measure in log copies/microliter), 
in case subjects with a double category infection compared with 
case subjects with a single category infection (ie, HRHPV+LRHPV 
vs HRHPV only). These analyses were adjusted for age at first 
smear in years by including a natural spline term.

In sensitivity analyses, we included 1) only cases that were 
confirmed on histological rereview (ie, double-confirmed cases) 
and 2)  only smears that were cytologically benign from case 
subjects and control subjects.

All data were de-identified, and calculations were performed 
using R version 3.1.0 (17). All P values were two-sided and derived 
from the Wald chi-square test and t test, respectively. A P value 
under .05 was considered statistically significant. All P values 
and 95% confidence intervals (CIs) presented are adjusted for 
multiple hypothesis testing within each model (18). The study 
was approved by the Karolinska Institutet Ethics Review Board, 
(Stockholm, Sweden), which also determined that informed 
consent from the participants was not required.

Results

Study Population

The median age at entry was 25 years for CIS and 32 years for SCC, 
respectively. The median time from the first smear to diagnosis 
of the case subject was 6.4 to 7.8 years, yielding a median age at 
diagnosis of 32 years for CIS and 41 years for SCC (Table 1). The 
time from the last smear to diagnosis was around a year for CIS 
and around three years for SCC. Infection with HRHPV was preva-
lent in the smears before CIS (49%-67%) and before SCC (50%-57%), 
respectively. The proportion of smears only positive for LRHPV was 
universally low, at 1% to 3%. The proportion of smears positive for 
both HRHPV and LRHPV was slightly higher, at 1% to 5%. The most 
prevalent LRHPV type was HPV42 (Supplementary Tables 1 and 2, 

available online). HRHPV+LRHPV co-infected smears contained 
between one to six high-risk HPV types. Most HRHPV+LRHPV co-
infected smears contained only one low-risk HPV type, but in rare 
cases two LRHPV infections were observed (1/69 HRHPV+LRHPV 
smears in CIS and 2/25 HRHPV+LRHPV smears in SCC).

Risk for CIS and SCC Compared With HPV-
Negative Women

In the baseline first smear during follow-up, women infected with 
only HPV16/18 had the highest risk estimates for both CIS and 
SCC compared with HPV-negative women (RR for CIS = 10.1, 95% 
CI = 5.0 to 20.4, RR for SCC = 15.2, 95% CI = 6.3 to 37.1). Women pos-
itive for only non16/18HRHPV also had statistically significantly 
increased risks (RR for CIS = 4.4, 95% CI = 2.3 to 8.2, RR for SCC = 3.5, 
95% CI = 1.5 to 8.1, P < .001), whereas there was no risk associ-
ated with LRHPV alone. Women infected with both HPV16/18 and 
non16/18HRHPV had 10-fold higher risks for CIS (RR = 10.2, 95% 
CI = 2.8 to 37.0) and SCC (RR = 11.1, 95% CI = 1.7 to 72.6) than HPV-
negative women (Supplementary Table  3, available online). For 
combinations of HRHPV and LRHPV, risks were likewise increased 
compared with HPV-negative women. The same pattern was seen 
in the last smear before diagnosis, although more pronounced 
(Figure 1; Supplementary Table 3, available online).

When considering a single HRHPV exposure category, women 
infected with any HRHPV in the first smear had seven- to 
eight-fold increased risks for CIS and SCC compared with HPV-
negative women. These risks increased to about 25-fold if found 
in the last smear. Women with LRHPV only had a statistically 
significantly increased risk in the short term for CIS detection 
compared with HPV-negative women (RR in the last smear = 4.5, 
95% CI = 1.2 to 16.6, P = .016). Women with LRHPV only had no 
increased risk of SCC. Being positive for both HRHPV and LRHPV 
was associated with almost the same risk as that for HRHPV 
alone when it came to CIS. In contrast, women infected with 
both HRHPV and LRHPV had a substantially lower risk estimate 

Table 1.  Characteristics of the study participants*

Cancer in situ Squamous cell carcinoma

Characteristic Case subjects Control subjects Case subjects Control subjects

Cohort
  Subjects, No. 524 523† 378 378
  Age at diagnosis, y‡ 32 (18 - 74) 32 (18 - 74) 41 (22 - 86) 41 (23 - 85)
  Age at entry, y 25 (14 - 60) 25 (14 - 60) 32 (15 - 86) 31 (15 - 84)
  Time first smear to diagnosis, y 6.4 (0 - 26.5) 6.3 (0 - 26.5) 7.8 (0 - 27.6) 8.2 (0.1 - 27.7)
  Time last smear to diagnosis, y 1.5 (0 - 23.3) 2.9 (0 - 20.7) 3.0 (0 - 22.4) 3.4 (0 - 24)
  Smears, No. 1333 1261 1060 1006
First smear
  HRHPV pos, No. (%) 258 (49.2) 67 (12.8) 187 (49.5) 45 (11.9)
  LRHPV pos, No. (%) 12 (2.3) 13 (2.5) 7 (1.9) 10 (2.6)
  HR + LR pos, No. (%) 27 (5.2) 10 (1.9) 8 (2.1) 5 (1.3)
  HPV16 VL, No. (%) 128 (24.4) 23 (4.4) 95 (25.1) 12 (3.2)
  log(HPV16 VL) 1.8 (-2.3 - 4.3) 1.3 (-2.3 - 3.8) 1.5 (-2.3 - 4.1) 1.6 (-2.3 - 3.9)
Last smear
  HRHPV pos, No. (%) 349 (66.6) 52 (9.9) 215 (56.9) 30 (7.9)
  LRHPV pos, No. (%) 12 (2.3) 14 (2.7) 3 (0.8) 10 (2.6)
  HR + LR pos, No. (%) 27 (5.2) 5 (1.0) 8 (2.1) 4 (1.1)
  HPV16 VL, No. (%) 178 (34.0) 17 (3.2) 102 (27.0) 9 (2.4)
  log(HPV16 VL) 2 (-2.3 - 4.5) 1.5 (-2.3 - 2.9) 1.7 (-1.2 - 5.1) 1.8 (-2.3 - 3.9)

* Ages, time intervals, and viral loads are reported as median (range). HRHPV = high-risk human papillomavirus, LRHPV = low-risk human papillomavirus; VL = viral load.

† In one instance, one randomly sampled cancer in situ (CIS) control subject was matched to two case subjects as per the nested case-control design, hence we 

included 524 CIS case subjects and 523 matched CIS control subjects.

‡ For control subjects, median age at diagnosis of the matched case subject.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv185/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv185/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv185/-/DC1
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for SCC than those with only HRHPV, although precision was low 
(Figure 2; Supplementary Table 4, available online).

Risk for CIS and SCC in Women With Double- 
Compared With Single-Category HPV Infection

In order to focus on risk among HPV-positive women, the model 
was reparameterized to estimate the risk in women with a 
double-category HPV infection (HRHPV+LRHPV) compared with 
that in women with a single-category HPV infection (ie, HRHPV 

only) (Figure  3).We found that women with both HRHPV and 
LRHPV infection had the same risks for CIS as women with 
only HRHPV (RR first smear = 0.8, 95% CI = 0.3 to 1.7; RR last 
smear = 1.10, 95% CI = 0.4 to 3.6). However, women with both 
HRHPV and LRHPV infection had a tendency for a decreased 
risk for SCC if found in the first smear (RR = 0.4, 95% CI = 0.10 
to 2.0) and a statistically significantly decreased risk for SCC 
if found in the last smear (RR = 0.2, 95% CI = 0.04 to 0.99, P = 
.049) (Supplementary Table 5, available online), compared with 
women with HRHPV only.

Figure 1.  Relative risks for cancer in situ and squamous cervical cancer for different human papillomavirus (HPV) category infection patterns of 16/18, non-16/18 

high-risk and low-risk positivity, singly and in combination, observed in first/last smear before diagnosis, obtained using conditional logistic regression modeling. All 

statistical tests were two-sided. Reference level: HPV-negative women. LR = low-risk; HR = high-risk.

Figure 2.  Relative risks for cancer in situ and squamous cervical cancer for different human papillomavirus (HPV) category infection patterns of high-risk and low-risk 

positivity, singly or in combination, observed in first/last smear before diagnosis, obtained using conditional logistic regression modeling. All statistical tests were two-

sided. Reference level: HPV-negative women. LR = low-risk; HR = high-risk.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv185/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv185/-/DC1
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In a similar fashion, we investigated whether the combina-
tion of HPV16/18 and non16/18HRHPV was associated with any 
different risk for CIS or SCC than being positive for HPV16/18 
only. None of these estimates differed statistically (data not 
shown).

Time to Diagnosis in Case Subjects With Double- 
Compared With Single-Category HPV Infection

We further investigated whether time to diagnosis (in years) dif-
fered in women with a double- compared with single-category 
HPV infection. We found that the time to diagnosis was on aver-
age 4.8 years longer in women with double-category infection 
(HRHPV+LRHPV) compared with HRHPV only. The difference 
was highly statistically significant (P = .006) (Figure 4).

HPV16 Viral Load in Case Subjects With Double- 
Compared With Single-Category HPV Infection

HPV16 viral load was similar in case subjects whether positive 
for both HRHPV and LRHPV, or HRHPV only (data not shown).

Sensitivity Analyses

When considering histologically reconfirmed cases only, 
the results from the above analyses remained unchanged. 
Specifically, in the model of risk for SCC in women with both 
HRHPV and LRHPV compared with HRHPV only, the core result 
was highly robust (RR for SCC in the first smear  =  0.1, 95% 
CI = 0.01 to 0.92, P = .041 and RR for SCC in last smear = 0.07, 
95% CI = 0.01 to 0.6, P = .014). When restricting to cytologically 

Figure 3.  Relative risks for cancer in situ and squamous cervical cancer for women infected with both high-risk human papillomavirus (HRHPV) and low-risk human 

papillomavirus observed in first/last smear before diagnosis, obtained using conditional logistic regression modeling. All statistical tests were two-sided. Reference 

level: women with only HRHPV.

Figure 4.  Time to diagnosis in years in cancer in situ and squamous cervical cancer case subjects by human papillomavirus category infection status observed in the 

first smear. Results obtained through linear regression modeling adjusting for age at first smear as a continuous measure in years. All statistical tests were two-sided.
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benign smears, the result was similarly robust: (RR for SCC in 
first smear = 0.4, 95% CI = 0.08 to 1.65, P = .19, RR for SCC in last 
smear = 0.2, 95% CI = 0.03 to 0.70, P = .017). (Data for other cat-
egories not shown.)

Discussion

We found that women co-infected with both high-risk HPV and 
low-risk HPV have a lower risk for future invasive squamous 
cervical cancer than women infected with HRHPV alone. The 
reasons for this interaction are not clear and our finding may 
merit further replication in other cervical DNA-based studies 
and investigation of potential underlying mechanisms. We fur-
ther show that the women in this group who did progress to 
invasive disease did so after a substantially longer time to diag-
nosis than women with HRHPV infection alone. This finding has 
to our knowledge not been previously demonstrated. The pres-
ence of LRHPV did not appear to alter the risk of cancer in situ 
(CIS/CIN3), either in the short- or the long-term perspective. We 
therefore propose that the presence of LRHPV interferes with 
the rate of HRHPV-related progression from in situ to invasive 
cervical disease.

We have previously shown in seroepidemiological studies 
that low-risk types HPV6 and HPV11 appear to act in an antago-
nistic fashion to infection with the high-risk type HPV16, ren-
dering the risk for invasive cervical cancer to be lower than 
expected (6,8,9). However, to our knowledge, no evidence for this 
relationship has been available from cervical HPV DNA-based 
studies until now. Furthermore, serology is unable to discrimi-
nate between past or present infections, whereas in the current 
study we simultaneously could determine HPV exposure in the 
same cervical sample and in (on average) two smears from each 
woman. Therefore, we hold the case for a defined negative inter-
action effect between LRHPV and HRHPV to be strengthened 
through the current study. In contrast, we found no evidence 
for such a negative interaction effect between the combination 
of current vaccine HR types (ie, HPV16/18) and nonvaccine HR 
types (ie, non16/18HRHPV) on the risk of invasive cancer.

The strengths of this study consist of the national popu-
lation-based approach and the stringency in design, labora-
tory analyses, and biostatistical efforts. Importantly, our study 
was nested in a national cervical screening program with high 
attendance (19), and our incidence density–based sampling 
design preserves the validity of the underlying cohort. We have 
already described major findings from this nested case-control 
study in a series of publications, and previous findings have 
been well in line with established HPV research (10,11,20), which 
shows that our external validity is high.

Limitations of this study include that, because of the sampling 
scheme and archival nature of smears, our case subjects were 
not uniformly HPV positive even in the smear closest to diagno-
sis and that, because of few cases of double-category infection, 
some of our estimates have limited precision. Nevertheless, we 
did see a statistically significant difference between risks and 
time to diagnosis for CIS and SCC, with the stronger findings in 
SCC despite the number of cases being smaller. Furthermore, 
these findings were highly robust and strengthened in sensi-
tivity analyses. We lack information on potential confounders 
such as smoking and oral contraceptive use, factors that may 
conceivably alter both the likelihood to be positive for several 
HPV types and the risk of subsequent cervical disease. However, 
smoking and oral contraceptive use have been clearly shown 
as associated with risk for CIS (CIN3) (21–23), whereas we only 
saw a statistically significant effect because of multiple HPV 

infections in invasive cancer. Therefore, confounding by these 
factors cannot explain our findings. It could also be posited 
that LRHPV infections are of short duration and might act as 
a marker of recently acquired HRHPV infection, thus by defini-
tion leading to longer time to diagnosis. However, the median 
age at first smear of women with double-category infection was 
31 years, well past the peak in HPV infection incidence, which 
reduces the likelihood of recent acquisition. In addition, these 
women’s median time to diagnosis was longer than even that of 
women who were HPV negative in their first smear, at 11 vs nine 
years, respectively (data not shown). Thus, recency of infection 
cannot explain our findings either.

Finally, we did not test for all known LRHPV types, mean-
ing that some smears categorized as “HR-positive only” may 
in fact also contain undetected LRHPV. However, such misclas-
sification is nondifferential between case subjects and control 
subjects and can thus only have biased our results towards the 
null. Thus, our estimates for the risk reduction associated with 
double-category infection are likely conservative.

Co-infection issues in HPV epidemiology are usually seen 
mainly as a complication factor in the context of attributing 
the proportion of cancer-causing HPV types. Our main inter-
est was to investigate natural history aspects associated with 
the state of co-infections in prediagnostic cervical smears and 
to potentially inform future HPV-based cancer prevention prac-
tices of the risk stratification that may be relevant even within 
the known risk group of HRHPV-infected women. It should be 
noted that a comparison with the HPV typing of tumors was 
performed in the seroepidemiological context, and, indeed, the 
antagonistic interaction effect seen between HPV6 and HPV16 
remained robust when restricting to only HPV16 DNA–contain-
ing cancers (9). With regard to the longer time to diagnosis, it 
has been suggested that past infection with HPV6 could shorten 
the duration of persistence and/or interfere with the oncogenic 
action of HPV16 (9). If this is correct, it could mean that women 
with co-infection might constitute a subgroup where there is 
more time to diagnose infection and act before progression 
takes place.

In conclusion, antagonistic interaction effects between high-
risk and low-risk types of HPV have now been shown in several 
independent cohorts, using both differing biological material 
and timing in relation to diagnosis of invasive cancer. We pro-
pose that this rare yet important event interferes with the rate 
of progression to invasive disease.
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