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Abstract: High genome copy number (viral load) of human papillomavirus (HPV) is being discussed as a risk factor
for high-grade cervical lesions. However, conflicting data about the integration status or viral load of the virus as
risk factors for prevalent high-grade squamous intraepithelial lesions (HSIL) are found in the literature. To investigate whether viral load and/or integration status are indicative for prevalent ASCUS/LSIL or HSIL, we determined
the HPV16 viral load and the physical state of the genome in 644 women with single HPV16 infections stratified
by their cytology results from a large Danish population-based cohort consisting of 40,399 women. Cervical smear
samples were tested using a multiplex quantitative real-time PCR (qPCR) with primers specific for HPV16 E2, E6
and beta actin, allowing simultaneous determination of the genome’s physical state and the viral copy number per
cell. The associations of viral load and physical state with cervical abnormalities were assessed using multinomial
logistic regression. We found that a 10-fold increase in viral load was significantly associated with the presence of
ASCUS/LSIL (OR=3.91; 95% CI, 2.49-6.13) and HSIL (OR=4.1; 95% CI, 2.45-6.68). A significant association with
HSIL was observed for primarily integrated genomes (OR=6.68; 95% CI, 1.45-30.8). Among women with integrated
viral genomes, we observed a trend towards increased risk of ASCUS/LSIL (OR=1.32; 95% CI -2.90-3.44) and HSIL
(OR=5.10; 95% CI -0.67-38.9) per 10-fold increase in viral load, although not statistically significant. In conclusion,
increasing viral load and integrated viral genomes were significantly associated with prevalent HSIL, thus indicating
that viral load and physical state may potentially be useful triage markers for HPV16-positive women during cervical
screening.
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Introduction
High-risk human papillomavirus (HR-HPV) testing as a primary tool for cervical cancer screening is recommended by national guidelines in
an increasing number of countries [1, 2]. These
recommendations are based on results from
randomized controlled trials showing that HRHPV testing significantly reduces the number of
incident cervical cancer cases in women above
age 30 after three or five year screening intervals compared to cytology only [3, 4]. Longer

screening intervals of 3-5 years will lead to a
reduction in overtreatment of precursor lesions,
which may spontaneously regress in between
subsequent examinations in the majority of
cases [1, 5]. In addition, testing for markers
indicating a prevalent high-grade squamous
intraepithelial lesion (HSIL) would be beneficial
for efficient and safe screening algorithms.
HPV16 viral load has been discussed as a potential risk factor for prevalent lesions [6-10].
While some studies found an association

HPV16 viral load and physical state as triage markers
between viral load and prevalent high-grade
lesions [8, 11], others could not confirm this
association [12, 13].
In addition, integration of the virus as an indicator for HSIL was also described previously [7,
14-17]. A mixture of episomal and integrated
genomes can be found in normal epithelium as
well as in low grade cervical abnormalities,
while integrated HPV DNA is more frequent in
but not exclusive to high-grade cervical lesions
[14-18].
The aim of the present study was to evaluate
the risk of prevalent low-grade or high-grade
cervical abnormalities according to HPV viral
load and physical state separately and according to an interplay between viral load and physical state. The study was based on liquid-based
cytology (LBC) samples from 644 women with a
single HPV16 infection from a Danish population-based cohort of 40,399 women.
Material and methods
The Danish LBC cohort
The data collection procedures of this study
have previously been described in detail [19,
20]. From 2002 to 2005, 42,854 consecutive
liquid-based cytology (SurePath) samples from
the Department of Pathology at Copenhagen
University Hospital, Hvidovre, Denmark, were
collected. The samples were sent to the pathology department for cytological examination. Residual material was sent to the Division
of Experimental Virology, University Hospital
Tübingen, Germany for HPV DNA testing (Hybrid
Capture2, Qiagen, Hilden, Germany) and genotyping (INNO LiPA v2, Innogenetics, Gent,
Belgium). Samples inadequate for HPV testing,
or with missing/equivocal identification on the
cell sample (n=167) were excluded. In addition,
we excluded 2,288 samples as they were duplicate samples from the same women within the
observation period. Consequently, the population-based cohort study included 40,399
women.
HPV testing and genotyping
Samples were analyzed with the Hybrid Capture
2 (HC2) test (Qiagen) using the high-and lowrisk probe sets as described before [19, 20].
DNA was extracted from all HPV positive cervi-
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cal samples using the QIAsymphony system
and was subjected to LiPA HPV Genotyping v2
(Innogenetics, Ghent, Belgium) according to the
manufacturer’s instructions and as previously
described [19, 21, 22].
Viral load and physical state determination
Quantification of the HPV16 E2 and E6 genes
and the human beta actin gene was performed
using a Light Cycler 480 (Roche Diagnostics).
Primer and probe sequences for 16E2 and E6
have been described [18, 23]. Beta actin was
detected using commercially available predesigned primers (#Hs03023880_g1; Applied
Biosystems). Multiplex PCR was performed in a
final volume of 20 µl containing 1× Taqman
Fast Advanced Mastermix (Applied Biosystems),
0.2 µM primer (Invitrogen) and probes (Biomers;
or 1× Applied Biosystems beta actin assay) and
2 µl DNA sample. Amplification conditions were
15 min at 95°C, followed by 60 s at 94°C and
90 s at 60°C with single acquisition for 45
cycles.
Beta actin measurement was used to normalize the HPV copy numbers to the number of
cells per sample. Cell numbers were calculated
assuming a DNA content of 6.6 pg DNA per
human diploid cell. The standard curve for beta
actin was performed using eleven serial 1:2
dilutions of total genomic DNA isolated from
normal human keratinocytes containing 15,151
to 15 genome equivalents, respectively.
We generated standard curves for the quantification of HPV16E6 and E2 using serial 1:10
dilutions of the pBS-HPV16 plasmid.
Physical state was calculated as the E2/E6
ratio for each sample. Samples were categorized in E2/E6<0.15 (low: primarily integrated
genomes), E2/E6 between 0.15 and <0.85
(intermediate: episomal and integrated genomes), and E2/E6 ≥0.85 (high: primarily episomal genomes).
Statistical analysis
To investigate the association between viral
load, physical state, age and cytology status,
we applied a multivariate multinomial logistic
regression model with cytology as a categorical, ordered outcome with levels “normal”,
“ASCUS (atypical squamous cells of undeter-
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to the multinomial model, we also analyzed the
data using a two-category logistic regression
model, comparing samples from women with
HSIL vs normal cytology and ASCUS/LSIL vs
normal cytology, respectively.
We rejected the proportional odds model by recategorizing the outcome into two binary logistic regression models, and then comparing the
slopes of the two models [24]. Additionally, we
also compared the residual deviance of the fitted multinomial logistic model to the corresponding proportional odds model using the
chi-square test.

Figure 1. HPV16 viral load (A) and physical status (B)
in women with normal cytology, ASCUS/LSIL or HSIL.
The upper and lower boundaries of the boxes represent the 75th and 25th percentiles, respectively. The
black line within the box indicates the median, and
the whiskers represent the range. Significant differences in viral load were observed between women
with normal cytology and women with ASCUS/LSIL,
as well as between women with normal cytology and
women with HSIL. No significant difference (ns) was
observed in viral physical state between women with
normal cytology and women with ASCUS/LSIL cytology (P=0.245). A highly significant difference was
found between women with normal cytology and
women with HSIL (***, P<0.001).

mined significance)/LSIL (low grade squamous
intraepithelial lesion)” and “HSIL (high grade
squamous intraepithelial lesion)”. We adjusted
for age, HPV16 viral load, and physical state in
the model, and also after determining relevance, included the interaction term between
physical state and viral load. HPV16 viral load
was log 10-transformed to ensure an approximately normal distribution. Age was kept as a
linear variable, and physical state was transformed to a categorical variable with three categories: low, intermediate, and high. We compared the multinomial logistic model with linear
terms for age, viral load and physical state to
the multinomial logistic model with higher order
polynomials for the same covariates to study
the possible non-linear effects of viral load,
physical state and age on cytology. In addition
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Reporting of effect was done by plotting the
estimated probabilities of ASCUS/LSIL and
HSIL, respectively, by viral load, physical state
(intermediate: 0.15-0.85 and high: ≥0.85) and
age. In the graphical display, age was fixed at
25 and 35 years, which corresponds roughly to
the first and third quartiles of the study population age distribution (median: 30 years). Relative risks associated with changes in viral load,
physical state and age were presented by odds
ratios (OR) with 95% confidence intervals (95%
CI). All analyses were conducted using the statistical software package R (vs 3.0.2).
Results
A total of 644 women were positive for an
HPV16 single infection at the baseline examination. Of these, 469 women had normal cytology, while 175 had an abnormal cytology result.
Of those with abnormal cytology, 78 had a lowgrade abnormality (ASCUS/LSIL) and 97 women
had a high-grade abnormality (HSIL). The crude
distributions of viral load and physical state in
women with normal cytology, ASCUS/LSIL and
HSIL are shown in Figure 1 and Table 1. The
median viral load was significantly lower in
women with normal cytology than in women
with either ASCUS/LSIL (P<0.0001) or HSIL
(P<0.0001) (Figure 1A). Viral loads ranged from
0.01 viral DNA copies per cell (c/c) to 2,281 c/c
(median: 1.2 c/c) in women with normal cytology and from 0.12 c/c to 2,886 c/c (median:
12.44 c/c) in women with abnormal cytology
(ASCUS/LSIL and HSIL). A significantly lower
median E2/E6 ratio (P=0.0003) was observed
in women with HSIL compared to cytologically
normal women, while no significant difference
in physical state was found when comparing
women with normal cytology and those with a
prevalent ASCUS/LSIL (P=0.245) (Figure 1B).
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Table 1. Viral load and physical state in women with normal cytology, ASCUS/LSIL or HSIL
Viral DNA load (copies/cell)
Number of samples (N)
Range
Interquartile range
Median
Physical state of the viral genome (E2/E6 ratio)
Number of samples (N)
Range
Interquartile range
Median
≥0.85 (Primarily episomal)
0.15-0.85 (Episomal and integrated)
<0.15 (Primarily integrated)

Normal cytology
469
0.01-2280.56
0.21-6.71
1.20

ASCUS/LSIL
78
0.17-2886.30
3.97-130.01
15.68

HSIL
97
0.12-1260.68
3.21-31.76
11.26

469
0.02-2.33
0.72-0.95
0.83
210 [44.8%]
251 [53.5%]
8 [1.7%]

78
0.02-1.72
0.71-0.89
0.81
32 [41.0%]
45 [57.7%]
1 [1.3%]

97
0.0-1.2
0.69-0.84
0.77
24 [24.7%]
70 [72.2%]
3 [3.1%]

As shown in Table 2, a 10-fold
increase in viral load of HPV16
significantly increased the
odds of prevalent ASCUS/
LSIL (OR=3.91; 95% CI, 2.496.13) or HSIL (OR=4.10; 95%
CI, 2.45-6.68). Women with
primarily integrated viral genomes (E2/E6 ratio <0.15) and
those with intermediate E2/
E6 ratio (0.15-0.85) had an
increased risk of HSIL (OR=
6.68; 95% CI, 1.45-30.8; OR=
2.73; 95% CI, 1.22-6.09, respectively) compared to woFigure 2. Dependency graphs for estimated probabilities of given cytology
men with primarily episomal
result (ASCUS/LSIL and HSIL), in women with high (≥0.85) or intermediate
genomes (E2/E6 ratio ≥0.85).
(0.15-0.85) E2/E6 ratios, across a range of viral loads, and exemplified for
In contrast, no increased risk
ages 25 (black), and 35 (red).
for ASCUS/LSIL was observed
according to physical state of
Figure 2 shows the estimated odds of ASCUS/
the genome. The combination of high viral load
LSIL and HSIL, respectively, in women with priand primarily integrated viral genomes (E2/E6
marily episomal genomes (E2/E6 ratio ≥0.85)
ratio <0.15) yielded a high OR (OR=5.1; 95% CI,
and in those with intermediate E2/E6 ratio
-0.67-38.9) for the presence of HSIL, but the
(0.15-0.85). Estimates are shown for women
estimate was not significant (P=0.12).
aged 25 years (black curve) and 35 years (red
The same analysis was performed using a twocurve), respectively, and across a range of viral
category logistic regression model (Table 3).
loads. Generally, the odds of developing
ASCUS/LSIL or HSIL increased with increasing
Results under this model agreed closely with
viral load for both categories of physical state.
the multinomial model, thus confirming our esWe found, that age had no statistically signifitimates. However, the small number of women
cant impact on the odds off prevalent cervical
(N=12) with primarily integrated genomes (E2/
lesions as shown by the overlap of the two
E6 ratio <0.15) limits our conclusions.
graphs. In addition, the respective estimated
We also investigated whether it is possible to
ORs for increase in age were very close to 1
identify women with prevalent HSIL by combin(0.98 vs 1 for ASCUS/LSIL and HSIL, respectively) and neither estimates were significant
ing an initial viral load measurement with a subsequent E2/E6 ratio determination. Our results
(P=0.22 and P=0.76, respectively).
718
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Table 2. Odds ratios (OR) for ASCUS/LSIL or HSIL according to HPV viral load and physical state in
women with single HPV16 infection
ASCUS/LSIL

HSIL

(95% CI)

P-value

78 3.91

(2.49-6.13)

<0.00001

Intermediate (E2/E6 ratio 0.15-0.85)

45 0.66

(0.29-1.51)

0.324

70 2.73 (1.22-6.09)

0.0014

Primarily integrated (E2/E6 ratio <0.15)

1

1.89

(0.21-16.8)

0.5699

3

6.68 (1.45-30.8)

0.0148

1

1.32 (-2.90-3.44)

0.86

3

5.10 (-0.67-38.9)

0.12

n
Viral load per 10 fold increase

OR

n

OR

97 4.10

95% CI

P-value

(2.45-6.68)

<0.00001

Physical state

Viral load per 10 fold increase in women with primarily integrated
genomes (E2/E6 ratio <0.15)

Table 3. Odds ratios (OR) for ASCUS/LSIL or HSIL according to viral load or physical state at baseline
calculated by using a two category logistic regression model
ASCUS/LSIL

HSIL

(95% CI)

P-value

n

OR

95% CI

P-value

78 3.77

(2.48-6.18)

<0.00001

97

4.2

(2.54-7.74)

<0.00001

Intermediate (E2/E6 ratio 0.15-0.85)

45 0.74

(0.33-1.71)

0.47

70 2.75

(1.27-6.85)

0.0168

Primarily integrated (E2/E6 ratio <0.15)

1

1.78 (0.09-11.38)

0.61

3

6.99

(1.32-31.3)

0.0128

1

1.27

1.0

3

5.52 (0.75, 40.7)

n
Viral load per 10 fold increase

OR

Physical state

Viral load per 10 fold increase in women with primarily integrated
genomes (E2/E6 ratio <0.15)

showed, that log10 viral load yields an AUC of
0.78 (P-value <0.001) to classify between normal and abnormal (ASCUS/LSIL + HSIL) cytology. Using the E2/E6 ratio to then specify
between ASCUS/LSIL vs HSIL, an AUC of 0.62
(P-value =0.03) was calculated. While a high
viral load appears to be a good classifier for the
presence of a prevalent lesion (ASCUS/LSIL
and HSIL), a subsequent determination of the
E2/E6 ratio has a fair effect on the classification of this lesion (ASCUS/LSIL or HSIL).
Taken together, we found that increasing viral
load was significantly associated with an increased risk for prevalent ASCUS/LSIL or HSIL. In
addition, women with primarily integrated viral
genomes, as measured by an E2/E6 ratio
<0.15, also had an increased risk for prevalent
HSIL.
Discussion
We determined HPV16 viral load and physical
state of the viral genome in 644 women with
single HPV16 infections and either a normal or
an abnormal cytology result (ASCUS/LSIL or
HSIL) from a population-based cohort of
40,399 women. Several studies reported an
association between high viral load and the
presence of high-grade cervical abnormalities
in smaller cohorts of women with mixed HR-type
infections [6, 7, 9, 25-27]. Here, we extend this
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(0.24, 32.8)

1.0

observation to a cohort comprising a large
number of women with single HPV16 infections. We also demonstrate an association of
high viral load with ASCUS/LSIL and thereby
challenge earlier conflicting data based on multiple infections including HPV16 [22]. An increased viral load was observed in low-grade as
well as high-grade cervical abnormalities as
compared to normal cytology results. Hence,
while it is possible to distinguish between a normal and an abnormal cytology result by sole
determination of the viral load, our results indicate that is not possible to further discriminate
between a low- or high-grade squamous intraepithelial lesion (P=0.072). This means that the
sole determination of HPV16 DNA load to distinguish between the severity of cervical lesions
is not useful. While some studies reported a
significant increase of viral load not only
between normal and high-grade lesions, but
also between low-grade and high-grade lesions
[6, 7, 28, 29], others either found a higher viral
load in low-grade lesions compared to highgrade lesions [30] or no association between
HPV16 DNA load and lesion grade [12, 13]. In
contrast, our results clearly support that a low
viral load might be used as a triage marker for
the absence of prevalent abnormal cervical
lesions, while a high viral load indicates a prevalent cervical lesion including ASCUS/LSIL or
HSIL. Further discrimination between the dif-
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ferent grades of cervical lesions requires additional triage markers for the detection of highgrade lesions.
Integration of human papillomavirus DNA into
the host genome could be a prerequisite for a
persistent infection and might be an important
factor for malignant transformation. Integration
causes disruption of the E2/E4 open reading
frame, which blocks oncogene inhibition activation due to the loss of the repressor activities
of E2 and E8^E2 [31, 32]. The continuous
expression of the oncogenes E6 and E7 contributes to malignant transformation and is
observed after integration of viral DNA into the
cellular genome [33, 34]. We determined the
integration status of the viral genome by quantitative multiplex PCR and found that the majority of samples harbored a mixture of episomal
and integrated HPV genomes, which is in line
with previous reports [7, 22, 26, 28]. Mixed
forms of the HPV16 genome also exist in samples with normal and ASCUS/LSIL cytology,
which might indicate that integration of HPV16
DNA into the host genome is an early event [7,
14, 18, 30]. In agreement with previous reports
we also demonstrated a significantly higher
proportion of integrated viral genomes (E2/E6
ratio <0.15) in women with HSIL compared to
women with normal cytology [14, 17, 26, 30,
35]. No significant differences between women
with normal cytology and ASCUS/LSIL (P=0.25),
or between ASCUS/LSIL and HSIL (P=0.08)
were observed. In addition, our results indicate
an effect of increasing viral load in women with
primarily integrated viral genomes (OR=5.1 per
10-fold increase in viral load). However, the
finding was not statistically significant, which
was likely due to the low number of women with
integrated genomes (n=12) and the low number of HSIL-cases in this group (n=3). However,
while we confirmed our finding by two different
statistical methods, it is important to point out
that despite the high number of women participating, the number of samples with primarily
integrated viral genomes (E2/E6<0.15) was
low (n=12). Thus, future larger studies are required to confirm our findings.
In summary, we confirmed previous reports
demonstrating a higher viral load in women
with a low or high-grade cervical lesion compared to women with normal cytology. Furthermore, women with integrated HPV16 genomes had significantly higher odds of high-grade
720

cervical abnormalities than women with primarily episomal genomes. However, considering
useful triage strategies of positive HPV-test
results, the integration parameter (E2/E6<
0.15) does not appear to be appropriate for the
detection or segregation of ASCUS/LSIL or HSIL
cases. In addition, the combination of high viral
load and primarily integrated viral genomes
was not statistically significant. Estimates for
sequential measurements showed that a high
viral load result might be indicative for a prevalent lesion. A further classification of those
women with a HSIL lesion by E2/E6 ratio determination is questionable. On the other hand,
our data show that a high viral load indicates
women with ASCUS/LSIL or HSIL lesions. Thus,
a combination of a low viral load and an E2/E6
ratio ≥0.85 (mostly episomal) might be indicative for the absence of a prevalent lesion after
a positive HPV16 test result, which could be
used as a triage strategy.
In conclusion, this is the first report analyzing
the interplay of HPV16 viral load, its integration
status and the presence of cervical lesions in a
large cohort of women with single HPV16 infections suggesting their applicability as immediate triage strategy after a positive HPV16 test
result.
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