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Prospective studies of the persistence of human papilloma-
virus (HPV) variants are rare and typically small. We se-
quenced HPV-16 variants in longitudinal pairs of specimens
from 86 women enrolled in the ASCUS-LSIL Triage Study.
A change of variants was identified in 4 women (4.7% [95%
confidence interval, 1.3%-11.5%]). Among women with in-
tervening HPV results (n = 60), a variant switch occurred
in 2 of 11 who had evidence of intervening negativity for
HPV-16, compared with 1 of 49 who consistently tested pos-
itive (P = .11). These results suggest the possibility that rare
misclassification of transient infections as persistent infec-
tions occurs in natural history studies of type-specific HPV
infections.

Studies of the natural history of human papillomavirus (HPV)
infection define viral persistence at a type-specific level—that
is, as the same genotype of HPV DNA detected during a certain
time period. Intervening negativity is usually assumed to be the
result of fluctuation in viral DNA load to below a detectable
threshold [1]. In practice, it is difficult to distinguish type-
specific persistence from recurrent infection.

Received 7 May 2010; accepted 15 June 2010; electronically published 26 October 2010.

Potential conflicts of interest: LAK. receives research funds from Merck Research
Laboratories. All other authors report no potential conflicts.

Financial support: Public Health Service (grant CA133569 to L.FX.).

Reprints or correspondence: Dr Long Fu Xi, University of Washington, Dept of Pathology,
Harborview Medical Center, NJB Ste 1187, 325 9th Ave, Seattle, WA 98104 (longfu@u
.washington.edu).

The Journal of Infectious Diseases 2010;202(11):1667-1670

© 2010 by the Infectious Diseases Society of America. All rights reserved.
0022-1899/2010/20211-0008815.00

DOI: 10.1086/657083

In light of the intratypic diversity of the HPV genome [2],
the persistence of type-specific HPV infection may be better
defined by analyses of nucleotide alterations in viral isolates
[3]. For any given type of HPV, isolates that differ by <2% in
the DNA sequence of the L1 (conserved major capsid) gene
are designated as variants. Because HPV evolution is slow (ge-
netic drift occurs at approximately the same rate as in the
human genome) [4], spontaneous mutations in HPV variants
during the life span of infected hosts occur extremely rarely.
Accordingly, different variants in consecutive samples from an
individual most likely represent separate infections.

In the present study, we compared sequence variations in
HPV-16 variants in pairs of specimens collected prospectively
from a subset of women who were enrolled in a nested case-
control study investigating the clinical relevance of HPV-16
variants.

Methods. Cervical samples examined were from the case-
control study of women enrolled in the ASCUS-LSIL Triage
Study (ALTS), a randomized, multicenter, clinical trial designed
to evaluate strategies for the management of equivocal and
mildly abnormal cervical cytology. These women were followed
semiannually over 2 years for HPV typing and detection of
cervical lesions. A detailed description of the ALTS design and
study population has been presented elsewhere [5].

Case patients were women who had (1) cervical intraepi-
thelial neoplasia grade 2 or 3 (CIN2-3) initially diagnosed dur-
ing follow-up and (2) HPV-16 DNA detected by polymerase
chain reaction (PCR)-based reverse line blot [6] at follow-up
visits concurrent with or before the diagnosis of CIN2-3. Con-
trol patients were selected from those who did not have a
diagnosis of CIN2-3 during the entire study period and had
HPV-16 DNA detected at 1 or more follow-up visits. The study
protocol was approved by the institutional human subject re-
view board of the University of Washington.

We characterized HPV-16 variants for 1 follow-up specimen
per woman and for the enrollment sample from those who had
a baseline HPV-16 infection. Of 255 ALTS participants enrolled
in the nested case-control study, 86 (45 case and 41 control
patients) were positive for HPV-16 variants at enrollment and
at least 1 follow-up visit and were therefore eligible for the
present study. For case patients, the follow-up sample was se-
lected from visits at which CIN2-3 was initially diagnosed. If
the sample from that visit was HPV-16 negative, the one from
immediately before the time of CIN2-3 diagnosis was selected.
Samples from control patients were frequency-matched to those
from case patients on the timing of sample collection for variant
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Table 1.

Sequence Variation in Human Papillomavirus Type 16 Variants from Nucleotide

Position 7723 to 567 Detected in 4 Pairs of Enroliment and Follow-up Samples from Women

with a Change of Predominant Variants

Nucleotide position at

Long control region E6
77777777777
77778888888 1111112233455
Time 2468233368913 90334488835023
interval, No. of 9345647986421 09123536950372 Variant
Pair ~ month Sample clones  ATCCGGAAGCATC ATAGCGTTACTATA  lineage®
1 12.3 Enrollment 10  =========== €= ==f=========== E
Follow-up M0 - E
2 19.0 Enrollment 10 CEIT===== G=== ===== T-AGTG--G AA
Follow-up M0 - E
3 24.2 Enrollment 7 T=TT===== EC== ===== TGAGTG--G AA
Enroliment 3 T-TT-———— GC--  ————- TGAGTG-GG AA
Follow-up 10 CGTT—~--~ G=== ===== T-AGTG--G AA
4 20.2 Enroliment 8 E
Enrollment 1 ==TTATCEA====  ======c======= R
Enrollment 1T T TC-TGT-——————— R
Follow-up 10 ——TTATCGA---T TC-TGT-AGT-G-~ Af2

@ AA, Asian American; Af2, African 2; E, European; R, recombinant.

analysis. All of the tested specimens derived from Dacron cer-
vical swabs.

HPV-16-positive samples were initially assayed by PCR-
based direct DNA sequencing of PCR products, as described
elsewhere [7]. A viral isolate was designated as a distinct variant
if, compared with the prototype and other variants identified
in the study, there was 1 or more nucleotide alterations in the
region from nucleotide positions 7723 to 567 (corresponding
to the 3' part of the long control region and the entire E6
region). In accordance with lineages categorized previously [8],
HPV-16 variants were classified as European (E), Asian (As),
Asian American (AA), African 1 (Afl), and African 2 (Af2).

Direct sequencing of PCR products detects only the pre-
dominant variants. To examine multiple-variant infections and
whether the predominant variant in one sample was present
as a minor variant in the other, we further assayed 40 pairs of
enrollment and follow-up samples by PCR-based subcloning
and sequencing. These samples were randomly selected except
that we included all those that had displayed a change of var-
iants in the assay of direct sequencing of PCR products. Briefly,
PCR products were cloned into plasmids by means of a TOPO
TA Cloning kit (Invitrogen), in accordance with the manufac-
turer’s protocol. Plasmid DNAs were purified using a QIA Min-
iprep kit (Qiagen). Ten clones per sample were selected for
sequencing. A predominant or minor variant was defined on
the basis of the relative proportions of the clones in which the
variant was present. A minor variant was defined if it was

detected in 2 or more clones, with the exception of apparent
recombinants. Consideration of these recombinants has been
reported elsewhere [9].

An exact confidence interval was calculated for the propor-
tion of sample pairs with a change of HPV-16 variants. The
difference in lengths of time intervals of sample pairs between
women with and those without a change of variants was tested
by the Student ¢ test. The Fisher exact mid-P test [10] was used
to compare frequencies of a change of variants between women
with and those without intervening HPV-16-negative test re-
sults (OpenEpi, version 2.3; http://www.OpenEpi.com). This
analysis was restricted to those who had at least 1 intervening
visit with HPV test results. The 2-tailed P value was adjusted
for the number of intervening visits with HPV-16 test results.

Results. Among the 86 study subjects, the mean age was
24.3 (standard deviation [SD], 5.5) years at the time of en-
rollment. A change of predominant variants between enroll-
ment and follow-up samples was detected in 4 participants
(4.7% [95% confidence interval, 1.3%—-11.5%]) by direct se-
quencing of PCR products, including 2 with and 2 without a
switch of variant lineages. The mean length of time between
collection of 2 samples was 18.9 (SD, 4.9) and 15.6 (SD, 7.8)
months for women with and those without a change of variants,
respectively (P = 40). Among those without a change of var-
iants, HPV-16 E, AA, Afl, and Af2 were detected in 57, 14, 5,
and 6 pairs of samples, respectively.

As shown in Table 1, the first 2 pairs of samples with a
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change of variants displayed identical sequences in each of the
10 clones. The E variants in pair 1 differed by 2 nucleotides at
positions 12 and 131. Pair 2 had the AA variant in the enrollment
sample and the E variant in the follow-up sample. Neither the
predominant nor the minor HPV-16 AA variant in the enroll-
ment sample of pair 3 was identical to the variant in the follow-
up sample. For sample pair 4, the predominant E variant (with
2 recombinants as minor variants) was detected in the enrollment
sample, and the Af2 variant was detected in the follow-up sample.
The results for these 4 pairs of samples were confirmed by a
second run of PCR-based subcloning with another 10 clones per
sample sequenced (data not shown). Among the 36 pairs without
a variant change that were randomly selected for PCR-based
subcloning and sequencing, an infection with >1 variant was
detected in 6 samples; none of the minor variants were detected
consecutively (data not shown).

Twenty-six women did not have any intervening HPV test
result, including 23 without an intervening visit, 1 without an
HPV test at 1 visit, and 2 without an HPV test at 2 visits (Table
2). One woman without an HPV test at 2 scheduled intervening
visits had a change of variants. Of the 60 women with at least
1 intervening HPV test result, 11 (18.3%) had 1 or 2 HPV-16—
negative results at intervening visits. A change of variants ap-
peared to be more likely (although not statistically significantly
s0) among women with than among women without an inter-
vening negative HPV-16 test result (2/11 vs 1/49; B,y geq = -11).
The results remained the same when women without an HPV
test at the intervening visit were excluded.

Discussion. In this study of HPV-16 isolates in pairs of en-
rollment and follow-up samples, we found a change of variants
in only 4.7% of 86 women during ~1.5 years of follow-up. Such
changes cannot be explained by spontaneous mutations, given
the slow evolutionary process of the HPV genome. In addition,
they are not likely to be due to PCR errors, because the same
changes were detected in 3 independent PCR runs (1 for direct
sequencing of PCR products and 2 for subcloning and sequenc-
ing). Although it is possible that the predominant variant in one
sample was present as a minor variant in the other, we did not
see evidence of this.

We and others [11, 12] have previously demonstrated that the
HPV-16 variant that is the most abundant initially remains abun-
dant at subsequent visits. Although the presence of >1 HPV-16
variants can be detected, the minor variants are usually transient.
Consistent with these findings, the present study detected minor
variants in either enrollment or follow-up samples, but not both.
For women with a change of variants, none of the predominant
variants detected in one sample were detected in the second
sample. This suggests that the change of variants was not the
result of replacement of the predominant variants with the minor
ones. One may argue that testing for 20 clones per sample may
not be sufficient to exclude the possibility of a minor variant.

Table 2. Intervening Human Papillomavirus Type
16 (HPV-16) Status between Enroliment and Follow-
up Visits at Which Samples Were Assayed for HPV-
16 Variants

No. of sample
pairs with

Different
variants
(n=4)

Identical
variants
(n = 82)
0 23
1
1P 18 1
™
1N

No. of intervening visits,
HPV-16 status®

N

2P
1P/1M
2M
1P/IN
2N 1

- s NN

3P 11
2P/TM 7
1P/2M 3
1P/IN/TM 2
2P/1N 3
1P/2N 1

@ M, no HPV test at the scheduled intervening visit; N,
negative for HPV-16; P, positive for HPV-16. The value pre-
ceding the letters indicates the no. of visits. For example,
among those with 3 intervening visits, 2P/1TM means that 7
women without a change of variants had 2 HPV-16—positive
results at intervening visits and 1 intervening visit without
HPV test results. For analysis of a change of variants be-
tween women with and those without an intervening HPV-
16-negative test result, the intervening stratum was defined
on the basis of the no. of visits with HPV results (ie, women
without an HPV test at the intervening visit were either
treated as having a prolonged time interval or excluded from
the analysis).

However, as reported previously [9], our experience with sample
pair 4 was that after sequencing a total of 105 clones we did not
detect in the enrollment sample the Af2 variant that was present
in the follow-up sample.

Studies of HPV variants in consecutive samples are rare, and
inconsistent results have been reported. To the best of our
knowledge, only 3 research groups have ever reported a change
of variants over time. A case report by Franco et al [3] showed
a change of HPV-16 variants in a pair of samples 7 months
apart. Mayrand et al [13] demonstrated different DNA poly-
morphisms in 4 of 50 women by analysis of single-stranded
conformation polymorphisms of HPV-16 variants in consec-
utive specimens. An even higher disconcordance rate was de-
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tected by pyrosequencing of HPV-16 variants in a recent study
of human immunodeficiency virus—infected adults [14]. Other
studies have reported identical variants in consecutive samples
positive for HPV-16 [11, 12] or other high-risk types [15].
Although the inconsistent results can in part be explained by
differences in study populations, interval durations, and ap-
proaches for variant characterization, most of these studies were
limited by small sample size. In the present study, we additional-
ly showed that a change of variants tended to occur among wom-
en with an intervening negative result for HPV-16, suggesting
that it more likely represents a separate infection by the sec-
ond variant.

It should be pointed out that the frequency of a change of
variants detected in this study may not necessarily be gener-
alizable to all women infected with HPV-16, because all ALTS
participants had a referral of minor cytologic abnormalities.
Additionally, although the present study included more study
subjects than any previous studies, statistical power for iden-
tifying factors predictive of a change of variants was extremely
limited. Finally, the present study demonstrated only a possi-
bility, not a frequency, of recurrent type-specific infection. This
is because the variant analysis was unable to distinguish per-
sistent infection from recurrent infection for those with the
same variant detected in consecutive samples. Also, it is unclear
whether the second variant resulted from new acquisition or
reactivation of the previously latent infection. Nevertheless, the
findings of this study at least indicate a small level of misclas-
sification of transient infection as persistent infection in studies
that define persistence as detection of the same HPV type at
consecutive visits, particularly for analyses that treat intervening
negative test results as false-negatives.

Data from the present study suggest that misclassification of
a transient infection as a persistent infection happens even at
the genotype level. Our results are relevant to natural history
studies but are not intended for clinical application. While
separate genotyping to detect HPV-16 and to characterize
HPV-16 persistence might be shown to provide worthwhile
risk stratification, we are not suggesting that repeated vari-
ant testing would be cost-effective.
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