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The association between human papillomavirus 31 (HPV31) DNA loads and the risk of cervical intraepithelial neoplasia grades 2
and 3 (CIN2–3) was evaluated among women enrolled in the atypical squamous cells of undetermined significance (ASCUS) and
low-grade squamous intraepithelial lesion (LSIL) triage study (ALTS), who were monitored semiannually over 2 years and who
had HPV31 infections detected at >1 visit. HPV31 DNA loads in the first HPV31-positive samples and in a random set of the last
positive samples from women with >2 HPV31-positive visits were measured by a real-time PCR assay. CIN2–3 was histologically
confirmed at the same time as the first detection of HPV31 for 88 (16.6%) of 530 women. After adjustment for HPV31 lineages,
coinfection with other oncogenic types, and the timing of the first positive detection, the odds ratio (OR) per 1-log-unit increase
in viral loads for the risk of a concurrent diagnosis of CIN2–3 was 1.5 (95% confidence interval [CI], 1.2 to 1.9). Of 373 women
without CIN2–3 at the first positive visit who had >1 later visit, 44 had subsequent diagnoses of CIN2–3. The initial viral loads
were associated with CIN2–3 diagnosed within 6 months after the first positive visit (adjusted OR, 1.5 [95% CI, 1.0 to 2.4]) but
were unrelated to CIN2–3 diagnosed later. For a random set of 49 women who were tested for viral loads at the first and last posi-
tive visits, changes in viral loads were upward and downward among women with and without follow-up CIN2–3 diagnoses, re-
spectively, although the difference was not statistically significant. Results suggest that HPV31 DNA load levels at the first posi-
tive visit signal a short-term but not long-term risk of CIN2–3.

Cervical infection with oncogenic human papillomavirus
(HPV) is a prerequisite for cervical cancer and its precursor

lesions, which have typically been defined for clinical purposes as
cervical intraepithelial neoplasia grades 2 and 3 (CIN2–3) (1).
However, most infections are transient, with only a small propor-
tion leading to the development of treatable cervical precancerous
lesions (2, 3). It is still largely undetermined why, for a given type
of HPV, some infections progress while others do not. The HPV
DNA load, as measured in an exfoliated cervical scraping sample,
reflects the number of free virions, the number of infected cells
with either productive infection or clonal expansion, and the
numbers of viral copies in individual cells. Whether HPV DNA
load levels are associated with the risk of CIN2–3 deserves consid-
eration.

Studies of the clinical relevance of HPV DNA loads have fo-
cused mainly on HPV16 (4–8), the type that possesses the greatest
oncogenic potential (9–11). Data on oncogenic types other than
HPV16 are much less common. Some reports suggest that the
viral-load-related risk of CIN2–3 may be HPV type specific (12,
13); others show that differences in slopes (daily changes in viral
loads) between transient infections and infections leading to CIN3
are constant across types (14, 15). HPV31 is one of the oncogenic
types and is phylogenetically closely related to HPV16 (16). Re-
sults from recent meta-analyses indicated that the average preva-
lence of HPV31 infections ranked sixth (after HPV16, HPV18,
HPV58, HPV33, and HPV45 infections) among 30,848 invasive
cervical cancer cases (9) and second (after HPV16 infections)
among 7,094 women with high-grade squamous intraepithelial
lesions (HSILs) (referring to both cytological diagnoses of high-
grade lesions and histological diagnoses of CIN2–3 or carcinoma
in situ in the study) (10).

Few studies have examined the relationship between HPV31
DNA loads and the risk of cervical lesions, with inconsistent find-
ings being reported (17–24). Most previous studies were limited
by small sample sizes and a cross-sectional study design. To date,
published data on longitudinal changes in HPV31 DNA loads,
stratified according to whether there was a subsequent diagnosis
of CIN2–3, are even more rare (14, 15). The profile of changes in
viral loads over time may help to distinguish infections that tend
to resolve from those that lead to the development of cervical
lesions.

We recently demonstrated the association of variant lineages of
the HPV31 genome with the likelihood of viral persistence (25)
and disease progression (26) in a large-scale longitudinal study.
The present study is an extension of our previous observations,
designed to examine whether HPV31 DNA loads at the first pos-
itive visit were associated with concurrent and/or subsequent di-
agnoses of CIN2–3 in the same study population. Furthermore,

Received 12 May 2015 Returned for modification 10 June 2015
Accepted 10 August 2015

Accepted manuscript posted online 19 August 2015

Citation Liu X, Schiffman M, Hulbert A, He Z, Shen Z, Koutsky LA, Xi LF. 2015.
Association of human papillomavirus 31 DNA load with risk of cervical
intraepithelial neoplasia grades 2 and 3. J Clin Microbiol 53:3451–3457.
doi:10.1128/JCM.01279-15.

Editor: A. M. Caliendo

Address correspondence to Long Fu Xi, longfu@u.washington.edu.

* Present address: Ayaka Hulbert, Clinical Research Division, Fred Hutchinson
Cancer Research Center, Seattle, Washington, USA.

Copyright © 2015, American Society for Microbiology. All Rights Reserved.

November 2015 Volume 53 Number 11 jcm.asm.org 3451Journal of Clinical Microbiology

http://dx.doi.org/10.1128/JCM.01279-15
http://jcm.asm.org


we explored the clinical implications of viral load fluctuations by
comparing the HPV31 DNA levels at the first and last positive
visits for a random set of women with or without a subsequent
diagnosis of CIN2–3.

MATERIALS AND METHODS
Study subjects. Study subjects were women enrolled in the atypical squa-
mous cells of undetermined significance (ASCUS) and low-grade squa-
mous intraepithelial lesion (LSIL) triage study (ALTS), a multicenter ran-
domized trial designed to evaluate three strategies for management of
women with equivocal or mild abnormal cervical cytological findings. A
detailed description of the ALTS design and study population is presented
elsewhere (27). Briefly, between January 1997 and December 1998, a total
of 5,060 women with diagnoses of ASCUS or LSILs, as established through
liquid-based cytology within the previous 6 months, were enrolled in the
trial. At enrollment, participants were randomly assigned to one of three
management arms, i.e., immediate colposcopy (referral of all women to
colposcopy), HPV triage (referral to colposcopy if the testing result at
enrollment was oncogenic HPV positive or cytological evidence of a
HSIL), or conservative management (referral to colposcopy if the cyto-
logical findings at enrollment indicated a HSIL). All participants, regard-
less of arm, were scheduled for liquid-based cytology and HPV testing
semiannually for 2 years. A colposcopic examination was performed again
if follow-up cytological evidence of a HSIL was identified. At study exit, all
participants were requested to undergo an exit procedure that included
cytology, HPV testing, and colposcopic examination with biopsy of any
visible lesions.

An ALTS participant was eligible for this study if she had HPV31 DNA
detectable by a PCR-based reverse line blot assay (28) in her cervical swab
sample at �1 visit. For each infection, we chose to use the first HPV31-
positive sample for viral load measurements. Of a total of 557 HPV31-
positive women, 232 had HPV31 DNA detected at �2 visits. We also
selected the last HPV31-positive sample (n � 58) for a random set of 25%
of the women with �2 HPV31-positive visits, for a comparison of viral
loads in paired samples. The first positive sample was not available for 27
women, leaving 530 women in analyses of viral loads at the first positive
visit. Of the 58 women who were randomly selected for testing of viral
loads in paired positive samples, 5 were excluded due to lack of either the
first positive sample (n � 4) or the last positive sample (n � 1). We also
excluded 4 women with paired positive specimens who had a diagnosis of
CIN2–3 at the first positive visit, leaving 49 women for the analysis of
changes in viral loads for women with or without a subsequent diagnosis
of CIN2–3.

Data on HPV genotyping, cervical lesions, and characteristics of the
study subjects were obtained from the ALTS database. The ALTS protocol
was approved by the institutional review boards at the National Cancer
Institute and all four clinical centers involved in the trial. The protocol for
this study was approved by the University of Washington institutional
review board.

Clinical endpoint. In the ALTS, cervical lesions were initially diag-
nosed by the clinical center pathologists, and then the findings were re-
viewed by a panel of expert pathologists for quality control and safety
monitoring. The endpoint used in this study was the first episode of
CIN2–3 (unless otherwise specified) histologically confirmed by the panel
of expert pathologists. Cervical tissues were obtained by biopsy, endocer-
vical curettage, and/or excision procedures. If more than one tissue block
was examined at a single visit, then the most severe diagnosis was assigned
to the patient. CIN2–3 was considered to be HPV31 related only if HPV31
DNA was detected in the cervical swab sample collected at the screening
visit immediately preceding the colposcopic visit that yielded the histo-
logical diagnosis.

Quantification of HPV31 DNA loads. DNAs were extracted with a
QIAamp DNA Blood minikit (Qiagen, Valencia, CA) from aliquots of 50-
to 100-�l cervical swab samples in specimen transport medium and then
were resuspended in 25 �l AE buffer, as described previously (29). HPV31

copy numbers and cellular DNA amounts (evaluated by testing for the
�-actin gene) were measured with a multiplex real-time PCR assay. The
sequences of the primers and probe for the HPV31 E7 gene were as fol-
lows: forward primer (nucleotide positions 808 to 827), 5=-AATGGGCT
CATTTGGAATCG; reverse primer (nucleotide position 873 to 848), 5=-
TGGATCAGCCATTGTAGTTACAGTCT; fluorescent probe (nucleotide
positions 830 to 845), 5=-VIC-TGCCCCAACTGTTCTA-minor groove
binder (MGB). The primers and probe for the human �-actin gene are
commercially available (Applied Biosystems, Foster City, CA). Each sam-
ple was assayed in triplicate. The assay was set up with the TaqMan Uni-
versal PCR master mix kit (Applied Biosystems, Foster City, CA), in a final
reaction volume of 5 �l containing a 0.5-�l DNA sample input. Amplifi-
cation was performed with an Applied Biosystems 7900HT sequence de-
tection system, with a cycling program of holding at 50°C for 2 min and
then at 95°C for 10 min followed by a two-step cycle of 10 s at 95°C and 1
min at 60°C for 40 cycles.

Two logarithmic 5-point standard curves, one for HPV31 and the
other for cellular DNA, were implemented for each assay set for absolute
quantification. Positive and negative controls were included in each assay
run from sample preparation through all PCR steps. The numbers of viral
copies were normalized according to the input amounts of cellular DNA
(�-actin) and log10 transformed. The mean values of three measurements
(expressed as log10 HPV31 copy number per nanogram of cellular DNA)
were used for analysis.

HPV31 DNA was undetectable by real-time PCR in 46 samples that
were positive by the initial PCR-based reverse line blot assay. The negative
results were not explained by a lack of sufficient sample input or the
presence of potential inhibitors, because the amounts of cellular DNA
were similar for samples with and without detectable HPV31 DNA (data
not shown). Also, repeated testing of these samples with double or even
triple amounts of sample input did not yield positive signals (data not
shown). Considering that the negative finding might result from a tiny
amount of HPV31 DNA, a value of 1 viral copy/ng of cellular DNA was
arbitrarily assigned to each of these samples. Results remained similar
when these 46 samples were excluded from the analysis; therefore, for
simplicity, results obtained with these samples excluded are not pre-
sented.

Statistical analyses. The main exposure of interest was HPV31 DNA
load, which was treated as a continuous variable for all analyses. Odds
ratios (ORs) and 95% confidence intervals (CIs) for the association of the
HPV31 DNA load at the first positive visit with a concurrent diagnosis of
CIN2–3 were estimated using unconditional logistic regression (30). Fac-
tors potentially associated with the risk of CIN2–3, such as age, race,
sexual behavior, smoking status, timing of the initial HPV31 detection,
lineages of HPV31 variants, and coinfection with other oncogenic types,
were initially examined by univariate analyses. Variables with P values of
�0.20 were entered into multivariate models as covariates. We used back-
ward stepwise regression to establish the final model, with a P value of
�0.20 being the criterion for entering and removing variables. Covariates
included in the final model were lineages of HPV31 variants (A, B, or C),
coinfection with other oncogenic types (yes or no for infection with
HPV16/18/33/35/39/45/51/52/56/58/59), and timing of the initial HPV31
detection (at enrollment or during follow-up monitoring). Since hierar-
chically HPV16 confers greater risk of CIN2–3 than does HPV31, the
results are presented separately for all HPV31-positive women and for
women without HPV16 coinfection at the first HPV31-positive visit.

Among women without CIN2–3 at the first HPV31-positive visit, we
further examined the association between the initial HPV31 DNA load
and the risk of a subsequent diagnosis of CIN2–3 during follow-up mon-
itoring, using unconditional logistic regression. In this analysis, the time
of the first HPV31-positive test was rescaled as month 0, the next visit as
month 6, and the visit after that as month 12. Data from the last 2 visits
were combined because of a limited number of CIN2–3 cases at months 18
and 24. Women with a previous diagnosis of CIN2–3 were removed from
risk sets for analyses of the initial viral-load-related risk of CIN2–3 at
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subsequent visits. Again, the ORs were adjusted for lineages of HPV31
variants, coinfection with other oncogenic types, and the timing of the
initial HPV31 detection.

A trend of increasing HPV31 DNA loads at the first positive visit with
increasing severity of concurrent cervical cytological findings was exam-
ined with a trend test. For a random set of 49 women, a paired t test was
used for pairwise comparison of HPV31 DNA loads for the first and last
positive samples, and Student’s t test was used to compare the lengths of
time from the first positive visit to the last positive visit for women with

versus without a subsequent diagnosis of CIN2–3. The significance of
changes in viral loads in paired samples for women with versus without a
subsequent diagnosis of CIN2–3 was assessed by linear regression with
adjustment for the time period from the first positive visit to the last
positive visit. All statistical tests were conducted at the 5% two-sided sig-
nificance level.

RESULTS

Of the 530 HPV31-positive women included, 321 were initially
positive at enrollment and 209 during follow-up monitoring. Ab-
normal cervical cytological findings at the first HPV31-positive
visit were detected for 355 (67.2%) of the 528 women (2 with Pap
smears insufficient for cytological diagnosis), including 153
(29.0%) with ASCUS, 151 (28.6%) with LSILs, and 51 (9.7%) with
HSILs. As shown in Fig. 1, the mean values of log10-transformed
HPV31 copy numbers per nanogram of cellular DNA increased
from 2.55 log10 copies/ng (95% CI, 2.34 to 2.76 log10 copies/ng)
among women with normal cytological findings to 3.32 log10 cop-
ies/ng (95% CI, 3.10 to 3.56 log10 copies/ng) among women with
ASCUS and 3.96 log10 copies/ng (95% CI, 3.72 to 4.19 log10 cop-
ies/ng) among women with LSILs and then decreased slightly to
3.75 log10 copies/ng (95% CI, 3.39 to 4.10 log10 copies/ng) among
women with HSILs (P for trend of �0.001).

CIN2–3 was histologically confirmed at the first HPV31-posi-
tive visit for 88 (16.6%) of the 530 women. The mean � standard
deviation (SD) values of log10-transformed HPV31 copy number
per nanogram of cellular DNA at the first positive visit were 3.89 �
1.27 and 3.17 � 1.54 log10 copies/ng for women with and without
a concurrent diagnosis of CIN2–3, respectively (Table 1). After
adjustment for the lineages of HPV31 variants, coinfection with
other oncogenic types, and the timing of the initial HPV31 detec-
tion, the OR for the association of 1-log-unit increases in HPV31
DNA loads with the risk of a concurrent diagnosis of CIN2–3 was
1.5 (95% CI, 1.2 to 1.9). Higher viral loads remained associated
with a concurrent diagnosis of CIN2–3 across cytological catego-
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FIG 1 Means (squares) and 95% confidence intervals (upper and lower
bounds) of log10-transformed HPV31 copy number per nanogram of cellular
DNA at the first positive visit, stratified according to cervical cytological find-
ings. Excluded were two women whose Pap smears were insufficient for cyto-
logical evaluation. HPV, human papillomavirus; ASCUS, atypical squamous
cells of undetermined significance; LSIL, low-grade squamous intraepithelial
lesion; HSIL, high-grade squamous intraepithelial lesion.

TABLE 1 Association of 1-log-unit increases in log10-transformed HPV31 DNA loads at the first positive visit with risk of concurrent diagnosis of
CIN2–3

Subjects and cervical cytological
results at first positive visita

Women with �CIN2 Women with CIN2–3

Crude OR (95% CI) Adjusted OR (95% CI)cNo.

Viral load
(log10 copies/ng)
(mean � SD)b No.

Viral load
(log10 copies/ng)
(mean � SD)

All women
Overall 442 3.17 � 1.54 88 3.89 � 1.27 1.4 (1.2–1.7) 1.5 (1.2–1.9)
Within normal limits 165 2.51 � 1.40 8 3.33 � 0.75 1.6 (0.9–2.9) 1.5 (0.5–4.4)
ASCUS 128 3.27 � 1.48 25 3.63 � 1.30 1.2 (0.9–1.7) 1.3 (0.8–2.1)
LSIL 125 3.89 � 1.47 26 4.31 � 1.43 1.2 (0.9–1.7) 1.4 (1.0–2.1)
HSIL 23 3.54 � 1.36 28 3.91 � 1.15 1.3 (0.8–2.0) 1.5 (0.8–2.8)

Women without HPV16 coinfection
at first positive visit

Overall 360 3.20 � 1.53 62 4.04 � 1.18 1.5 (1.2–1.9) 1.6 (1.2–2.1)
Within normal limits 140 2.54 � 1.35 7 3.32 � 0.81 1.6 (0.9–3.1) 1.8 (0.5–6.1)
ASCUS 103 3.34 � 1.49 16 3.99 � 1.07 1.5 (0.9–2.3) 1.6 (0.9–3.0)
LSIL 100 3.93 � 1.49 20 4.37 � 1.20 1.3 (0.9–1.8) 1.2 (0.8–1.9)
HSIL 16 3.62 � 1.22 18 4.01 � 1.36 1.3 (0.7–2.2) 2.1 (1.0–4.7)

a HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia; ASCUS, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial
lesion; HSIL, high-grade squamous intraepithelial lesion; SD, standard deviation; OR, odd ratio; CI, confidence interval.
b Viral loads are presented as log10-transformed HPV31 copy number per nanogram of cellular DNA.
c Adjusted for lineages of HPV31 variants (A, B, or C), coinfection with other oncogenic types (yes or no), and the timing of the initial HPV31 detection (at enrollment or during
follow-up monitoring).
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ries, although a statistically significant difference was seen only
among women with LSILs (adjusted OR, 1.4 [95% CI, 1.0 to 2.1]).

A total of 108 women (26 with and 82 without CIN2–3) had
HPV16 coinfections at the first HPV31-positive visit. The mean �
SD values of log10-transformed HPV31 DNA copy number per
nanogram of cellular DNA were 3.56 � 1.43 and 3.04 � 1.59 log10

copies/ng for HPV16-positive women with and without a concur-
rent diagnosis of CIN2–3, respectively (P � 0.14). When the anal-
ysis was restricted to women without HPV16 coinfection
(n � 422), the associations between the risk of a concurrent diag-
nosis of CIN2–3 and 1-log-unit increases in viral loads remained
similar except for data stratified according to cytological findings,
with a statistically significant association being seen among
women with HSILs (Table 1). A total of 207 women (24 with and
183 without CIN2–3) did not have coinfections with other onco-
genic types at the first HPV31-positive visit. Among women with-
out other oncogenic types detected, the mean � SD values of
log10-transformed HPV31 DNA copy number per nanogram of
cellular DNA were 4.26 � 1.02 and 3.12 � 1.50 log10 copies/ng for
women with and without a concurrent diagnosis of CIN2–3, re-
spectively; the adjusted OR associating the risk of a concurrent
diagnosis of CIN2–3 with 1-log-unit increases in HPV31 DNA
loads was 1.6 (95% CI, 1.1 to 2.4). Infection with HPV31 alone at
the first positive visit was detected for 114 women (16 with and 98
without CIN2–3). Among women with single-type infections, in-
creased viral loads remained associated with CIN2–3 (i.e., 4.46 �
0.93 and 3.34 � 1.51 log10 copies/ng for women with and without
a concurrent diagnosis of CIN2–3, respectively), although the as-
sociation was not statistically significant (adjusted OR, 1.5 [95%
CI, 0.9 to 2.6]).

Thirty-nine women had a diagnosis of CIN3 at the first
HPV31-positive visit. Mean � SD values of log10-transformed
HPV31 copy number per nanogram of cellular DNA were 3.74 �
1.27 log10 copies/ng for CIN3 cases overall, 3.85 � 1.23 log10 cop-
ies/ng for 25 cases without HPV16 coinfection, and 3.84 � 0.39
log10 copies/ng for 5 cases without coinfection with other onco-
genic types at the first HPV31-positive visit. After adjustment for
the lineages of HPV31 variants, coinfection with other oncogenic
types, and the timing of the initial HPV31 detection, the ORs for
the association of 1-log-unit increases in HPV31 DNA loads at the
first positive visit with the risk of a concurrent diagnosis of CIN3
were 1.4 (95% CI, 1.0 to 1.9) for women overall and 1.5 (95% CI,
1.0 to 2.2) for women without HPV16 coinfection.

We next examined whether HPV31 DNA load levels at the first
positive visit played a role in the subsequent development of
CIN2–3. Eighty-eight women who had a diagnosis of CIN2–3 at
the first positive visit were excluded from this analysis. We also
excluded 69 women who were not in the risk set for subsequent
development of CIN2–3 because they had HPV31 infections that
were initially detected at the exit visit (n � 41) or they were lost to
follow-up monitoring after the first positive visit (n � 28). Over-
all, CIN2–3 was histologically confirmed for 44 (11.8%) of the 373
women who had �1 visit since the first HPV31 detection; it was
seen in 16 (4.7%) of 341 women at month 6, 12 (4.2%) of 284
women at month 12, and 16 (6.3%) of 256 women at month 18 or
24. After adjustment for the lineages of HPV31 variants, coinfec-
tion with other oncogenic types, and the timing of the initial
HPV31 detection, the viral loads at the first positive visit were
statistically significantly associated with a risk of CIN2–3 diag-
nosed 6 months after the first HPV31 detection (adjusted OR, 1.5
[95% CI, 1.0 to 2.4]) but were unrelated to CIN2–3 that occurred
after that time (Table 2).

Forty-nine women were included in a pairwise comparison of
HPV31 DNA loads between the first and last positive visits, in-
cluding 11 with and 38 without a diagnosis of CIN2–3 at the last
positive visit. The lengths of time (mean � SD) between the two
visits were 13.3 � 8.0 and 10.9 � 6.2 months for women with and
without a diagnosis of CIN2–3, respectively (P � 0.29). In con-
trast to a slight decrease in HPV31 DNA loads, from 3.32 log10

copies/ng at the first positive visit to 3.05 log10 copies/ng at the last
positive visit, among women without CIN2–3, the viral loads in-
creased from 3.98 to 4.43 log10 copies/ng among women with
CIN2–3, although the difference was not statistically significant
(P � 0.23) (Table 3).

DISCUSSION

In this study of the clinical relevance of HPV31 DNA loads among
ALTS participants, we found that HPV31 DNA load levels at the
first positive visit were significantly associated with a concurrent
diagnosis of CIN2–3. The association could not be explained by
other factors shown to predict risk for cervical lesions, including
the lineages of HPV variants, coinfection with other oncogenic
HPV types, and the timing of the initial HPV31 detection. Also,
the association was independent of the role of HPV16, the most
oncogenic type of HPV. Because testing for viral loads was per-
formed without knowledge of any clinical information and cervi-

TABLE 2 Association of 1-log-unit increases in log10-transformed HPV31 DNA loads at the first positive visit with risk of subsequent diagnosis of
CIN2–3

Time from first HPV31-
positive visit (mo)a

No. of women
followedb

Women with �CIN2 Women with CIN2–3

Crude OR (95% CI) Adjusted OR (95% CI)dNo.

Viral load
(log10 copies/ng)
(mean � SD)c No.

Viral load
(log10 copies/ng)
(mean � SD)

6 341 325 3.17 � 1.49 16 3.87 � 0.97 1.4 (1.0–2.2) 1.5 (1.0–2.4)
12 284 272 3.25 � 1.48 12 3.44 � 1.13 1.1 (0.7–1.6) 1.0 (0.6–1.6)
18 or 24 256 240 3.25 � 1.54 16 3.35 � 0.85 1.0 (0.7–1.4) 0.9 (0.6–1.5)
a HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia; SD, standard deviation; OR, odd ratio; CI, confidence interval.
b Actual number of women seen at visits subsequent to the first HPV31-positive test who did not have a diagnosis of CIN2–3 at previous visits. Thirty-two women did not return
for follow-up visits at 6 months but did return for later visits. Thus, the number of women seen at 6 months was 341 (not 373).
c Viral loads are presented as log10-transformed HPV31 copy number per nanogram of cellular DNA.
d Adjusted for lineages of HPV31 variants (A, B, or C), coinfection with other oncogenic types (yes or no), and the timing of the initial HPV31 detection (at enrollment or during
follow-up monitoring).
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cal lesions were diagnosed by the panel of expert pathologists prior
to the viral load measurements, biases in ascertainment of expo-
sures and outcomes were minimized.

In agreement with previous reports regarding HPV DNA loads
according to cervical cytological findings (18, 24), we observed
that HPV31 DNA loads increased significantly from women with
normal cytological findings to those with cytological diagnoses of
LSILs; DNA loads were slightly lower among women with HSILs
than among those with LSILs. This trend may in part reflect dif-
ferences in the numbers of cells featured with productive infec-
tions and/or viral copies in individual cells among women with
various cytological manifestations. Cervical specimens obtained
by scraping contain mixed cell populations. The slightly higher
viral loads in women with cytological diagnoses of LSILs versus
those with HSILs may result from a large number of ASCUS/LSIL
cells obtained from women with LSILs, compared to those with
HSILs. Considering a correlation of HPV DNA loads and cervical
cytological findings and the possibility that some cytological ab-
normalities might represent an intermediate step (or an indicator)
in the HPV-induced pathogenesis of CIN2–3, we treated this vari-
able as a stratifier, rather than a confounder, in our analyses. The
tendency for increased risk of CIN2–3 with increasing HPV31
DNA loads was maintained across cytological categories.

The published data regarding the risk of cervical lesions ac-
cording to HPV31 DNA loads have been inconsistent (17–24).
The discrepancy may be in part due to limited sample sizes and/or
differences in study designs and laboratory methods. Our results
are consistent with some previous reports that showed a positive
relationship between higher HPV31 DNA loads and concurrent
detection of cervical lesions of greater severities (17, 19).

It should be noted that CIN2–3 cells are usually featured with
clonal expansion of the virus and contain many fewer viral copes
than cells featured with productive infections, such as LSILs. Thus,
the increased viral loads detected in cervical swab samples from
CIN2–3 cases should not be contributed by the lesions. As re-
ported previously (31), pathological features in the mucosa sur-
rounding CIN3 lesions, rather than the lesions themselves, are the
main determinants of HPV DNA loads. This is because specimens
obtained by scraping consist mainly of surface epithelium and
favor the collection of maturing cells (cytologically appearing as
ASCUS/LSIL); CIN3 lesions contribute only a small fraction of the
cells removed by scraping. Accordingly, the finding of the signifi-
cant (albeit modest) association of increasing HPV31 DNA loads
with concurrent diagnoses of CIN2–3 could be explained by the
possibility that specimens from women with versus without

CIN2–3 contain more cells featured with productive HPV infec-
tions and/or more viral copies in individual cells.

Longitudinal data on the clinical relevance of HPV31 DNA
loads are rare; Hesselink et al. showed a relative risk of 1.7 (95%
CI, 1.1 to 2.7) for the association of 10-fold changes in HPV31
DNA loads with an 18-month cumulative risk of CIN2–3 in a
population-based cervical screening cohort (19). The present
study extended previous reports by showing a time-dependent,
viral-load-related risk of CIN2–3. We observed that the initial
viral loads were significantly associated with CIN2–3 that oc-
curred within 6 months after the first positive detection but were
unrelated to CIN2–3 that occurred later. This finding somewhat
agrees with our previous reports, indicating that the initially de-
tected viral loads were associated with short-term but not long-
term persistence of HPV infection (32).

Another interesting observation of the present study is the dif-
ferent changes in HPV31 DNA loads between women with versus
without a follow-up diagnosis of CIN2–3. In contrast to a slight
decrease among women who did not develop CIN2–3 under ob-
servation, the viral loads were higher and tended to increase even
further among women who had a diagnosis of CIN2–3 at the last
positive visit. This agrees with previous reports on clinical out-
comes with respect to changes in HPV16 DNA loads (6, 14), sug-
gesting that sustained higher viral loads may signal the progres-
sion of cervical lesions.

Several limitation of this study should be addressed. First, there
are currently no universal HPV DNA standards for viral load
quantification. Although the standard used for our real-time PCR
assay was carefully calibrated, the absolute values of viral loads
determined by cervical cytology and histology may not be gener-
alizable to other studies. However, this lack of generalizability
does not affect the validity of relative comparisons of viral loads
that were derived from the same standard. Second, viral loads are
known to fluctuate during the natural course of infections. As
noted, this study included a large fraction of HPV31 infections
with unknown onset times, due to “left censoring” with the first
positive detection at enrollment. To minimize confounding ef-
fects possibly introduced by the uncertainty of the onset times for
these infections, we included a variable for infection initially de-
tected at enrollment versus during follow-up monitoring as a co-
variate in analyses of the risk association. Related to this limitation
is the fact that not all HPV31-positive samples were tested for viral
loads. Thus, we were unable to examine the effects of dynamic
changes in viral loads on the development of CIN2–3. Third,
CIN2–3 was considered to be HPV31 related only if HPV31 DNA

TABLE 3 Pairwise comparison of HPV31 DNA loads between first and last positive visits, stratified according to diagnosis of CIN2–3 at last positive
visit

CIN2–3 at last
positive visita

No. of sample
pairs

Viral load (log10 copies/ng)
(mean � SD)b

Paired difference (log10 copies/ng)
(mean [95% CI])

P for first vs
last visitc

P for with vs
without CIN2–3d

First positive
visit

Last positive
visit

No 38 3.32 � 1.20 3.05 � 1.39 0.28 (�0.20 to 0.75) 0.24 0.23
Yes 11 3.98 � 1.30 4.43 � 1.42 �0.44 (�1.36 to 0.48) 0.31
a HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia; SD, standard deviation; CI, confidence interval.
b Viral loads are presented as log10-transformed HPV31 copy number per nanogram of cellular DNA.
c Testing for differences in viral loads between the first and last positive visits, by paired t test.
d Testing for differences in changes in viral loads in paired samples between women with versus without a diagnosis of CIN2–3 at the last positive visit, by linear regression with
adjustment for the time from the first positive visit to the last positive visit.
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was detected in the cervical swab sample obtained at the screening
visit immediately preceding the lesion diagnosis. It is possible that
not all infections seen in swab samples exist in tissue samples;
lesions could be caused by types other than HPV31. While the
present study was unable to ascertain such misclassified cases (be-
cause HPV testing was not performed on tissue samples in the
ALTS), the comparable results derived from analyses restricted to
women without coinfection with HPV16 or other oncogenic types
argue against the idea that the observed association would be sub-
stantially disturbed by this potential misclassification. Lastly, our
findings pertain to women who had a cytological diagnosis of
ASCUS or LSIL within 6 months prior to enrollment into the
ALTS and who underwent an intensive procedure for follow-up
monitoring and clinical examination. Thus, the frequency of
CIN2–3 diagnoses seen in this study might not be generalizable to
all clinical populations. However, this does not affect the validity
of the assessment of the viral-load-associated risk of CIN2–3.

In summary, data from this study suggest that HPV31 DNA
load levels at the first positive visit signal a short-term but not
long-term risk of CIN2–3; sustained higher or increasing viral
loads over time may represent a biomarker for progression. This
does not suggest that this biomarker has clinical utility, as the
differences are modest and the data are limited to one HPV geno-
type; rather, we present this as another clue to the pathogenesis of
cervical cancer following HPV infection.
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