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Abstract: Persistent infection with a high risk (hr) human papillomavirus (HPV) has been established as the main
cause of cervical cancer and high-grade cervical intraepithelial neoplasia (CIN3). Because most infections are tran-
sient, testing for hrHPV lacks specificity and has a low positive predictive value. It has been suggested that additional
parameters like viral load and physical status of the viral genome could improve the effectiveness of HPV-based
screening. We investigated the association between HPV16 viral load and physical state with viral persistence or risk
of incident CIN3 or worse in a population-based prospective cohort study comprising 8656 women (20-29 years). All
participants had two gynecological examinations two years apart and were followed through the nationwide Danish
Pathology Data Bank (median follow-up: 12.9 yrs). Seventynine cervical swabs from women with a persistent HPV16
infection were available for analysis. For comparison we selected a random age-matched sample of transiently
HPV16 infected women (N=91). Persistently infected women with incident CIN3 or cancer (CIN3+; N=31) were com-
pared to women with normal cytology during follow up (non-progressors; N=39). Quantitative real-time PCR for
HPV16E6, E2 and IFNb1 was done to determine the HPV16 viral load and the E2/E6 ratio was used as a surrogate
marker for integration. Women with normal cytology who became persistently HPV16 infected had a significantly
lower HPV16 load at baseline than women who cleared the infection (median 4.72 copies/cell versus median 20.0
copies/cell, respectively; p=0.0003). There was no difference in viral load at enrollment between women who pro-
gressed to CIN3+ and women who stayed cytologically normal (p=0.85). At the second examination viral load tended
to be higher in women who progressed, but the difference was not statistically significant (p=0.39). The E2/E6 ratio
was shown to be lower in the persistently infected group (p<0.0001) already at the first examination, but no differ-
ence between non-progressors and CIN3+ cases was observed at any of the two examinations (p=0.61 and 0.86).
Lower viral load and integration of the viral genome are predictive for the persistence of HPV16 DNA, but not for the
progression of a persistent HPV16 infection to CIN3+ in women with normal cytology.
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Introduction cervical cancer screening programmes. The
continued presence of hrHPV DNA for > 24

The observation that a persistent infection with
high risk (hr) human papillomavirus (HPV) types
is a necessary cause of cervical cancer [1] of-
fers not only the prospect of an effective pri-
mary prevention, but also the possibility of test-
ing for hrHPV types to improve the efficiency of

months identifies women at particular risk for
cervical intraepithelial neoplasia of grade 3 or
higher (CIN3+) [2]. In contrast, a negative HPV
result has been shown to be associated with a
greater long-term protection from CIN3 com-
pared with a normal cytology result [3-5]. HPV16
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is the most common carcinogenic type in pre-
invasive and cervical cancer and is detectable
in roughly 50% of women with CIN3+ [6, 7]. It
was shown to cause persistent infections in
30% of the women [8, 9].

The inability of a single hrHPV DNA test to dis-
criminate between persistent and transient in-
fections urges the need for additional parame-
ters that enable the identification of hrHPV-
positive women who are indeed at risk of
CIN3+. In this context, several studies have in-
vestigated the value of viral DNA load or the
integration status of the viral DNA as risk deter-
minants for high-grade CIN. While some case
control studies found no association of viral
load with disease status [10, 11] others re-
ported higher load in CIN2+ cases [12-16]. In
one study this was only due to the inclusion of
invasive squamous cervical cancer in the case
group [17]. Studies with a prospective design
reported higher viral load to be associated with
a modest increase in the incidence of cytologi-
cal abnormalities [18] and to be predictive for
incident CIN2/3+, but restricted these observa-
tions only to cases of infections with HPV16 [19,
20] or HPV16, 31 and 33 [21].

The physical state of the viral genome was al-
most exclusively investigated in case control
studies and the majority reported an associa-
tion between integration and increasing severity
of the lesions [11, 22-25]. However, it has to be
noted that integrated viral DNA was already
found in up to 44% of control samples with nor-
mal cytology [17, 26] which does not support
the use of this parameter as a biomarker. These
early integration events were rather frequently
observed for HPV16 (26%) and HPV18 (58%)
already in young women soon after sexual debut
[27].

Integration of the viral DNA usually disrupts the
E2 gene and causes the lack of the E2 repres-
sor protein or the more potent E8"2C repressor
[28, 29], which leads to subsequent overexpres-
sion of the viral oncogenes E6 and E7. However,
frequently mixed levels of episomal and inte-
grated forms have been described especially in
normal and mildly abnormal epithelium. Purely
integrated forms were found enriched in CIN3+,
where the extinction of episomal forms and
thereby the exclusion of trans-repression of the
integrated genomes by the E2/E8"E2C repres-
sor proteins provides the infected cell with a
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clear growth advantage.

Therefore studies are required that combine a
robust measurement of viral load of the most
relevant hrHPV types in conjunction with the
physical state of the viral genome in the frame
of a prospective cohort study.

In this study, we measured E2, E6 and IFNb1
DNA levels using quantitative real-time PCR
(qPCR) in HPV16 positive cervical samples from
a large population-based prospective cohort [2].
The aim of our work was to evaluate viral load
and physical state as potential predictive bio-
markers to assess the risk for persistence and
the risk for progression in persistently infected
women.

Materials and methods
The Danish HPV cohort

The present paper is based on women (20-29
years of age at enrollment) participating in a
Danish prospective cohort study. The data col-
lection procedures have previously been de-
scribed in detail [2]. In brief, the women were
selected at random from the general female
population of Copenhagen, Denmark where
every citizen has a unique 10-digit personal
identification number, which is universally used
in all health registries. These identification num-
bers, which contain information on sex and date
of birth, are registered in the computerized Dan-
ish Central Population Register, which includes
information on vital status, emigration and cur-
rent address. Between May 15, 1991 and Janu-
ary 31, 1993, 11088 women were enrolled in
the study for the first gynaecological examina-
tion (Figure 1). Before entering the study, all
participants were informed verbally and in writ-
ing about the study and all participants signed a
written informed consent. The study was ap-
proved by the national Scientific Ethical Commit-
tee and the national Data Protection Board.

Approximately 2 years after enrollment (from
October 1, 1993 to January 31, 1995), the
study participants were re-invited, in the same
order in which they were originally enrolled, for
a second gynecological examination. A total of
8656 women (78%) participated in this second
examination. At both gynaecological examina-
tions, a Pap smear was obtained, and a cervical
swab containing ecto- and endocervical cells
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was taken and placed in a tube containing
phosphate-buffered saline and stored at -80°C
for subsequent HPV DNA testing.

After the second examination the cohort was
followed passively through the Pathology Data
Bank which is a nationwide pathology register
that contains information on all cervical cytology
examinations and all cervical biopsy specimens,
cones and hysterectomies performed in Den-
mark in the last 20 years. Clinical communica-
tion between pathology departments and the
Pathology Data Bank is ensured through an
online real-time data reporting system. Abnor-
mal cervical diagnoses are usually reported as
atypia/koilocytosis, mild dysplasia, moderate
dysplasia, severe dysplasia, or carcinoma in
situ. The histological diagnoses were translated
into CIN nomenclature as follows: atypia/
koilocytosis and mild dysplasia were grouped as
CIN1, moderate dysplasia was categorized as
CIN2 and severe dysplasia and carcinoma in
situ were categorized as CIN3.

The existence of the nationwide Central Popula-
tion Register and the unique personal identifica-
tion numbers ensures correct linkages between
registries and makes it possible to conduct fol-
low-up studies with virtually no loss of follow-up.

Using the personal identification number for
each woman, the study cohort was linked to the
Pathology Data Bank and followed until March
6, 2007 to identify all cervical pathological le-
sions and diagnostic or treatment procedures.
As HPV DNA testing took place several years
after the study examinations were performed,
the women were unaware of the results ob-
tained in the study, and results of the HPV DNA
testing were not used for referrals or clinical
management of the women.

All women in the cohort were tested at both ex-
aminations for the presence of hrHPV DNA by
the Hybrid Capture 2 test (HC2, Qiagen, Hilden,
Germany) using the high risk probe cocktail and
samples positive in the HC2 high risk probe
were genotyped using the LiPav2 reverse line
blot test system (Innogenetics) [30-32].

The study population (Figure 1) for the analyses
presented here comprises women who partici-
pated in both examinations (N=8656). We ex-
cluded a total of 977 women who participated
in the second examination only through a tele-
phone interview, had abnormal smear at the
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first or the second examination or had no cervi-
cal swab (e.g. due to menstruation at the time
of examination or a cervical swab that was in-
adequate for HPV testing). In addition, we ex-
cluded 197 women with no follow-up examina-
tion after the second examination, leaving 7482
women. A total of 296 women were HPV16 posi-
tive at the first examination and of these, 84
women were also HPV16 positive at the second
examination (defined as persistent HPV16 infec-
tion). Five women were excluded due to insuffi-
cient material for further analysis leaving 79
women. Among the women who were HPV16
positive at the first examination and became
HPV16 negative at the second examination
(transient HPV16 infection), we randomly se-
lected 91 women so that the age distribution
was similar to that of the HPV16 persistors.
Among the 79 women with persistent HPV16
infection, a total of 40 women developed abnor-
mal cytology during follow-up. The correspond-
ing histological diagnoses comprised CIN1
(N=4), CIN2 (N=5), CIN3 (N=29) and cervical
cancer (N=2). This study focused on CIN3 or
worse, so in the analysis of risk of progression
among women with a persistent HPV16 infec-
tion we included 31 women with incident CIN3
or cancer (CIN3+), and 39 women with normal
cytology during follow-up.

DNA extraction and qPCR

DNA was extracted from residual material from
the HC2 assay using a Magna Pure device
(Roche Molecular Systems, Pleasanton, CA).
Quantification of the human IFNB1 gene, the
HPV16 E6 and E2 genes was performed with a
Light Cycler 480 (Roche Applied Science, Mann-
heim, Germany). A predesigned primer pair
(QT00203763, Qiagen, Hilden, Germany) was
used for detection of IFNB1. The HPV16 E2 and
E6 primers have been previously described
[33]. PCR was performed in a final volume of 20
pl containing 1x Light Cycler 480 SYBR green |
Master Mix (Roche Diagnostics, Mannheim, Ger-
many), 0.3 uM primer and 5 ul of DNA. The am-
plification conditions were 10 min at 95°C, and
then 10 sec at 95°C, 15 sec at 55°C, 15 sec at
72°C for 45 cycles. Amplification products were
analysed by melting curves with a thermal pro-
file of 10 sec at 95°C, 30 sec at 60°C followed
by heating to 90°C.

Amplification of the single-copy IFNB1 gene was

used to correct HPV copy numbers for the
amount of cells in the cervical swab material. A
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Figure 1. Overview of the study design and the cohort. Out of 7 482 eligible women 79 women were persistently in-
fected with HPV16. Among the women who had a negative HPV test at the second examination (transient infections),
we randomly selected 91 age matched women as controls. In the persistently infected group 39 women showed no
progression within the median follow-up time of 12.9 years. Among the women eligible for analysis 4 developed CIN1,

5 developed CIN2 and 31 progressed to CIN3 or cancer.

standard curve for IFNB1 was generated using
serial dilutions of total genomic DNA isolated
from cultured normal human Kkeratinocytes
(NHK). Cell numbers were calculated assuming
a DNA content of 6.6pg per human diploid cell.
Standard curves used to quantify the copy hum-
bers of the E2 and the E6 genes of HPV16 were
generated using 107, 106, 105, 104, 103, 102
and 101! copies of a cloned HPV16 genome as
previously described [33]. Copy numbers in
samples were calculated using the Light Cycler
480 software version 1.5.0 second-derivative
maximum algorithm. All qPCR reactions were
run in duplicate showing extremely high concor-
dance and values were then averaged for analy-
sis. In each run non-template controls and posi-
tive controls were included.

Viral load and physical state determination

HPV16 copy numbers per cell were calculated
by dividing E6 copies by the cell numbers calcu-
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lated from the IFNB1 amplifications.

The physical state of HPV16 was determined
using real-time PCR targeting the E6 and E2
open reading frame of HPV16, because the E2
gene is often lost during viral integration [34].
Thus, E2 and E6 gene segments are present in
equivalent amounts in episomal HPV genomes,
whereas integrated HPV genomes would have
E6 present and the E2 gene absent. Assignment
of integrated, mixed or episomal physical state
was calculated as described elsewhere [35].
Integration was defined as an E2/E6 ratio be-
tween zero and 0.15 [36]. An E2/E6 ratio be-
tween 0.15 and 0.9 indicates the presence of
both integrated and episomal forms and ratios
of greater than 0.9 indicated the predominance
of episomal forms [12]. However, it has to be
taken into account that tandem integrated head
-to-tail viral genomes would also result in values
> 0.9 falsely indicating episomal genomes. We
therefore concentrated only on the reliable cut-
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Table 1. Comparison of viral load in women
who cleared an HPV16 infection (transient in-
fection) and women with persistent HPV16
infection

Viral load in

Samples taken at Transience Persistence

(N=91) (N=79)
First examination:
Median (copies/cell) 20 4,72
25-75% quartile 4.5-65.8 1.8-21.36

off £0.15 as a surrogate marker for integration.
Statistical analysis

In the analysis of viral load and physical state as
risk factors for persistence, we compared tran-
siently HPV16 infected women with persistently
HPV16 infected women using cervical samples
taken at the first examination.

We also assessed the importance of viral load
and physical state for progression within the
group of persistently HPV16 infected women.
For analysis of those with incident CIN3+ versus
those who stayed cytologically normal during
follow-up we investigated samples both from
the first and the second examination, sepa-
rately. The Mann-Whitney test was used to test
for significant differences. P values were consid-
ered significant if less than 0.05. Receiver oper-
ating characteristics (ROC) curves were calcu-
lated using GraphPad Prism 5 ® (GraphPad Soft-
ware, San Diego).

Results

Viral loads in cervical swabs taken at the first
examination from women infected with HPV16
ranged from <1 to 2010 viral DNA copies per
cell (c/c) (median: 20.0) in women who cleared
the infection till the second examination
(transient infections) and from <1 to 1958 viral
DNA c¢/c (median: 4.72) in women who were
HPV16 positive at both examinations (persistent
infections; Table 1). The median viral load at the
first examination was significantly higher in
women with a transient HPV16-infection versus
women that developed a persistent infection
(p=0.0003; Figure 2A), although a wide range
was observed within both groups.

To investigate whether viral load could be pre-
dictive for the development of incident CIN3+,
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we compared persistently infected women who
stayed cytologically normal (non-progressors;
N=39) to those women who developed CIN3+
after the second examination during the follow
up time (N=31). The measurements of viral load
in samples taken from non-progressor women
at the first examination ranged from <1 to 225
viral DNA c¢/c (median: 3.7) and in those who
developed CIN3+ from <1 to 171 ¢/c (median:
3.96; Table 2). No significant difference in the
median viral load between non-progressors and
women that progressed to CIN3+ was observed
(p=0.85; Figure 2B).

When we repeated the experiment with samples
from the second examination, we observed a
viral load ranging in non-progressors from 1 to
745 viral DNA c¢/c (median: 13.93) and in
women who developed CIN3+ from <1 to 464
c¢/c (median: 19.81; Table 2). This difference
was, however, not statistically significant
(p=0.39; Figure 2C).

The analysis of the E2/E6 ratio of HPV16, as a
proxy for physical status, showed values ranging
from zero to 1.24 (median: 0.68) in samples
taken at the first examination from women with
transient infections, while the values of the E2/
E6 ratio were significantly lower (p<0.0001;
Figure 3A) in persistently infected women
(median: 0.53, range: 0-0.83; Table 3).

To investigate whether the E2/E6 ratio could be
a predictive marker for the development of
CIN3+ we compared women with persistent
HPV16 infection who stayed cytologically normal
with those who developed CIN3+ during follow
up. In samples taken at the first examination
the E2/E6 ratio in non-progressor women
ranged from 0.1 to 0.82 (median: 0.52) and in
women with persistent infections who devel-
oped incident CIN3+ from 0.1 to 0.83 (median:
0.48; Table 4). No significant correlation be-
tween the E2/E6 ratio as a proxy for physical
state of the viral genome and progression to
CIN3+ was found (p=0.61; Figure 3B).

Repeating the analysis using samples from the
second examination showed E2/E6 ratios in
non-progressors from 0.06 to 0.55 (median:
0.20) and in women with persistent infections
who developed CIN3+ from 0.07 to 0.6
(median: 0.19; Table 4). Again no significant
correlation between E2/E6 ratio and progres-
sion to CIN3+ was found (p=0.86; Figure 3C).
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Table 2. Comparison of viral load in women A
staying cytologically normal (non-progressors) p=0.0003
and women developing CIN3 or worse 10000 !
(progressors)

viral load in 1000

samples taken at No progression CIN3+ 100

(N=39) (N=31)

HPV16 viral load [c/c]

10
First examination:

L L
Median (copies/cell) 3.7 3.96

25.75% quartile 1.814.61 1.27-38.5 01

T T
transient persistent
Second examination: n=91 n=79
Median (copies/cell) 13.93 19.81

25-75% quartile 3.2852.11 3.96-74.61 0=0.85

1000 I {

100:

Interestingly an analysis of the E2/E6 ratio com-
bined with the viral load quantification in sam- 103
ples from persistently infected women compar-

ing the first and the second examination time 13

point confirmed an increase of integrated ge-

nomes (E2/E6 ratio <0.15) over time. In addi- 0.1
tion a trend to lower E2/E6 ratios was visible

when comparing samples from the first exami- n=39 n=31
nation to samples from the second. While the

E2/E6 ratio of HPV16 at the first examination Cc

ranged from 0-0.83 (median 0.53) with only . p=0.39
7.6% integrated genomes and 92.4% samples 10007
had a mix of integrated and probably episomal
genomes (Figure 4) we observed at the second
examination an E2/E6 ratio from 0.06 to 0.6
(median: 0.21) with 21.5% integrated genomes
and only 78.4% mixed forms.

HPV16 viral load [c/c]

nor}nal CII\II3+

1004

10+

4 L N

0.1

HPV16 viral load [c/c]

When we performed receiver operating charac-
teristic (ROC) curve analysis in order to analyze
the utility of viral load or physical state meas-

nor;'nal CIN3+

n=39 n=31

Figure 2. HPV16 viral load in persistent versus transient infections. Viral load values are shown on the Y-axis in HPV
copies per cell (c/c) and are log transformed. The upper and lower boundaries of the boxes represent the 75th and
25th percentiles, respectively. The black line within the box represents the median; the whiskers represent the mini-
mum and maximum values. A. Log10 HPV16 DNA loads were compared between women with transient infections
(n=91) and persistent infections (N=79). A significant difference between transiently (median 20c/c; 25-75% quar-
tiles of 4.5-65.8) and persistently (median: 4.72/c; 25-75% quartiles of 1.8-21.36) infected women (p=0.0003) was
observed. B. HPV16 DNA loads were compared between samples taken at the first examination from persistently
infected women who did (N=31) or did not (N=39) progress to CIN3+. No difference (p=0.85) between non-
progressors (median 3.7c/c; 25-75% quartiles of 1.8-14.61) and progressors (median: 3.96¢/c; 25-75% quartiles of
1.27-38.5) was observed. C. Log10 HPV16 DNA loads were compared between samples taken at the second exami-
nation from persistently infected women who did (N=31) or did not (N=39) progress to CIN3+. A non significant differ-
ence (p=0.39) between non-progressors (median 13.93c/c; 25-75% quartiles of 3.28-52.11) and progressors
(median: 19.81c/c; 25-75% quartiles of 3.96-74.61) was observed.
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urements for diagnostic purposes predicting
clearance or persistence of HPV16 infections
we obtained comparable values for viral load
(p=0.00028, AUC=0.662) and physical state
(p<0.0001, AUC=0.6968; data not shown).
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Figure 3. HPV16 physical status in persistent versus tran-
sient infections. E2/E6 ratios are shown on the Y-axis.
The upper and lower boundaries of the boxes represent
the 75th and 25th percentiles, respectively. The black line
within the box represents the median; the whiskers repre-
sent the minimum and maximum values. A. E2/EG6 ratios
were compared between women with transient infections
(N=91) and persistent infections (N=79). A significant
difference (p<0.0001) between transiently (median 0.68;
25-75% quartiles of 0.46-0.80) and persistently (median:
0.53; 25-75% quartiles of 0.42-0.61) infected women
was observed. Within the group of women with a transient
infection (N=91) two samples showed a E2/E6 ratio be-
low 0.15, 80 women showed mixed episomal and inte-
grated forms (E2/E6 ratio between 0.15-0.90) and nine
women had an E2/EG6 ratio above 0.9. The group of per-
sistently infected women (N=79) consisted of six women
with integrated forms (E2/E6>0.15), 73 women showed
mixed episomal and integrated forms (E2/E6 ratio be-
tween 0.15-0.90) and no women had an E2/E6 ratio
above 0.9. B. E2/EG6 ratios were compared between per-
sistently infected women who did (N=31) or did not
(N=39) progress to CIN3+ from samples taken at the first
examination. No significant difference (p=0.61) between
non-progressors (median 0.52; 25-75% quartiles of 0.4-
0.63) and progressors (median: 0.48; 25-75% quatrtiles of
0.34-0.59) was observed. Within the group of women who
showed no progression (N=39) three samples showed an
E2/E6 ratio below 0.15, 36 women showed mixed epi-
somal and integrated forms (E2/E6 ratio between 0.15-
0.90) and no woman had an E2/EG6 ratio above 0.9. The
group of women with CIN3+ (N=31) consisted of three
women with integrated forms (E2/E6>0.15), 28 women
showed mixed episomal and integrated forms (E2/E6
ratio between 0.15-0.90) and no woman had an E2/E6
ratio above 0.9. C. E2/E6 ratios were compared between
persistently infected women who did (N=31) or did not
(N=39) progress to CIN3+ from samples taken at the
second examination. No significant difference (p=0.86)
between non-progressors (median 0.2; 25-75% quartiles
of 0.17-0.30) and progressors (median: 0.19; 25-75%
quartiles of 0.14-0.28) was observed. Within the group of
non-progressors (N=39) eight samples had integrated
genomes (E2/E6 ratio below 0.15) and 31 women
showed mixed episomal and integrated forms (E2/E6
ratio between 0.15-0.90). The group of women with
CIN3+ (N=31) consisted of eight women with integrated
forms (E2/E6>0.15), 23 women showed mixed episomal
and integrated forms (E2/E6 ratio between 0.15-0.90)
and no woman had an E2/EG6 ratio above 0.9.

Similarly, a ROC curve analysis for the viral load
and E2/E6 ratio predicting progression to CIN3+
showed that neither viral load (first examination:
p=0.84, AUC=0.514; second examination:
p=0.388, AUC=0.56) nor physical state (first

Am J Cancer Res 2012;2(2):192-203
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Table 3. Comparison of E2/E6 ratio in women
who cleared an HPV16 infection (transient
infection) and women with persistent HPV16
infection

E2/E6 ratio in

Samples taken at Transience Persistence

(N=91) (N=79)
First examination:
Median (copies/cell) 0.68 0.53
25-75% quartile 0.46-0.8 0.42-0.61
Integrated <0.15 2 6
Mixed 0.15-0.90 80 73
Episomal >0.9 9 0

Table 4. Comparison of E2/EG ratio in women
staying cytologically normal (non-progressors)
and women developing CIN3 or worse

(progressors)

E2/EG ratio in samples

taken at No progression CIN3+
(N=39) (N=31)

First examination:

Median (copies/cell) 0.52 0.48

25-75% quartile 0.4-0.63 0.34-0.59

Integrated <0.15 3 3

Mixed 0.15-0.90 36 28

Episomal >0.9 0 0

Second examination:

Median (copies/cell) 0.2 0.19

25-75% quartile 0.17-0.3 0.14-0.28

Integrated <0.15 8 8

Mixed 0.15-0.90 31 23

Episomal >0.9 0 0

examination: p=0.607, AUC=0.536; second
examination: p=0.855, AUC=0.513) enabled
discrimination between development of CIN3+
or not (data not shown).

Discussion

To measure viral load and the physical status of
the genome we used quantitative real time PCR
for the E6 and E2 genes of HPV16 and normal-
ized the values to the cell number in each sam-
ple through additional measurement of the sin-
gle copy gene IFNB1. This method is superior to
semi-quantitative measurement of viral load by
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using e.g. the RLU/CO values of HC2, where the
cell number of the analyzed sample is unknown
and multiple infections can cause a viral load
that is not attributable to a distinct HPV type or
to dot blot analysis using estimated signal
strength [37].

We find that HPV16 positive women who de-
velop a persistent infection have a significantly
lower median viral load (p=0.0003) at the first
examination in comparison to women that are
able to clear the infection. Interestingly a ROC
curve analysis provided some evidence that
indeed using low viral load could be possibly
used as a diagnostic parameter. Moreover if
HPV testing and genotyping would be combined
with viral load measurement this may help to
identify women with greatest risk for cervical
cancer as persistence of infection is a major
risk factor besides the prevailing HPV type [2].
The group of women with lower viral load al-
ready may have integrated viral genomes in
their infected cells that do not support virus
replication any longer. We observed integrated,
a mixture of integrated and episomal forms and
potentially episomal DNA in respectively 3.3%,
86.81% and 9.89% of the samples from the 91
women who cleared the infection. Samples from
women who developed a persistent infection
showed in contrast 7.59% integrated and
92.41% mixed HPV16 genomes and no epi-
somal DNA. Our data confirm that integration
can be an early event, because a high number
of samples with normal cytology harboured al-
ready integrated HPV16 genomes. Those
women with integrated genomes might have a
higher risk of becoming persistently infected as
fewer viral epitopes derived from E1 and espe-
cially E2 [38] are presented to the immune sys-
tem compared to cells with episomal and poten-
tially productive infections and therefore may be
less likely eliminated by cell mediated immunity.
In most cells with integrated HPV only the trans-
forming genes E6/E7 are expressed and re-
quired for the transformed state. The expres-
sion of the viral oncogenes indeed seems to be
tolerated by the immune system of some
women as it has been shown earlier that the
lack of response to E6 by cell mediated immu-
nity is important in the persistence of an HPV16
infection [39].

The substantial overlap of the viral load meas-

urements between women that cleared versus
those that with persistent infections, however,
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Figure 4. Correlation of
HPV16 viral load and physi-
cal status from persistently
HPV16 infected women
(N=79). HPV16 viral loads
are displayed on the y-axis
in copies/cells (c/c). The
corresponding E2/E6 ratios
are plotted on the x-axis. In
contrast to samples taken
at the first examination with
only six samples with inte-

grated genomes, samples
taken at the next examina-
tion two years later revealed
a higher number of samples
with integrated HPV16 ge-
nomes (N=17).
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makes it difficult to determine cut-off values for
risk prediction.

In the present study we did not observe a signifi-
cant difference in the median levels of viral load
between women persistently infected with
HPV16 who developed a CIN3+ or not during
follow up. This is in line with some studies that
found no association of higher viral load with
cases, although others reported such an asso-
ciation [13, 40-42]. It has to be noted that we
only genotyped women that were positive in the
HC2 test using the high risk probe since women
that test negative by the HC2 test high risk
probe have virtually no risk of developing CIN3+
within 6 years of follow up [5]. Other studies
that used more sensitive detection methods
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with no clinically validated cut-off might find
stronger associations between higher viral load
and high grade disease [12, 14-16]. In addition
it is possible that at the second examination
women already had cervical lesions that were
not detected by cytology, as the average sensi-
tivity of a single cytology screen is not exceeding
50% for detection of a HSIL lesion [43].

When we measured the E2/EG6 ratio as a surro-
gate marker for the physical status of the viral
genome we considered only ratios < 0.15 as a
reliable indicator for the presence of integrated
genome copies as ratios above 0.9 might be
indicative for an episomal state, but are not
excluding the presence of integrated head to
tail tandem genome copies. We observed that
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women that became persistently infected had a
significantly lower median E2/E6 ratio (higher
integration rate) in comparison to women that
were able to clear the infection. A ROC curve
analysis supported this finding showing that
using an E2/EG6 ratio of < 0.15 could possibly be
used as diagnostic parameter with a sensitivity
of approximately 91%, but at the cost of a speci-
ficity as low as 48% (data not shown). One pos-
sible explanation for the low specificity of the
E2/E6 ratio are findings by others and by us
that already in 29%-89% of cytologically normal
samples integrated viral genome copies could
be found [11, 17, 35]. The suboptimal perform-
ance of the parameter “E2/E6 ratio” could also
be due to the fact, that we did not exclude
women that were infected by other HPV types
with undefined physical status of the genome in
addition to HPV16, which finally may have
caused the CIN3+ lesion. However, when we
repeated the analysis with just single HPV16
infections we observed no difference to our ini-
tial observation (data not shown). Again it can
be hypothesized that cells with predominantly
integrated viral genome copies are at lower risk
to be cleared by cell mediated immunity and
that the loss of the negative regulator E2 and
especially E8"E2C [29] increases viral onco-
gene expression, which fosters persistence. In
conclusion a combination of low viral load and
an E2/E6 ratio of £ 0.15 may be a useful
marker to attach to a single HPV test for the risk
stratification of women in cervical cancer
screening.

In contrast to other studies with a case control
design we could not find a significant difference
in the E2/E6 ratio between cases (women that
developed CIN3+ during prospective follow up)
and non-progressors. That was true for samples
taken at the first and at the second phase.
When we, however, plotted the viral load
against E2/E6 ratio for the persistent cases and
compared the results for the first versus the
second examination it became obvious that a
shift towards lower E2/E6 ratios was visible
over time. This supports earlier findings from us
[2] that HPV16 has the highest tendency for
persistence among all hr HPV types, which
might be due to a high integration rate.

In conclusion our data show that lower viral load
at baseline and integration of the viral genome
are predictive for the persistence of HPV16
DNA, but not for the progression of a persistent
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infection with HPV16 to development of CIN3+
during follow up in women with normal cytology
at baseline.
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