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Abstract
Cervicovaginal human papillomavirus (HPV) viral load has been purported as a potential marker
for the detection of high-grade cervical intraepithelial neoplasia or cancer (≥CIN2). To examine
disease association with type-specific viral load for the full-range of anogenital HPV infections,
we conducted cross-sectional and prospective analyses of ∼2,000 HPV-infected women from a
10,000-woman population-based study in Guanacaste, Costa Rica with 7 years of follow-up.
Cervical specimens were tested for >40 HPV types using a MY09/MY11 L1 consensus primer
PCR method with type-specific dot blot hybridization and PCR signal intensity as a measure of
viral load. A positive association was observed between prevalent ≥CIN2 and high viral load
compared to low viral load for women with baseline single HPV16 infections (OR = 19.2, 95% CI
= 4.4–83.2) and single non-16 carcinogenic infections (OR = 9.2, 95% CI = 2.1–39.9). Inclusion
of women with multiple HPV types did not substantially change these associations. In prospective
follow-up, only women infected with HPV16 alone (OR = 27.2, 95% = 3.5-213.5) had a strong
association between high viral load and incident ≥CIN2; non-16 carcinogenic high viral load was
not associated with incident ≥CIN2 (OR = 0.7, 95% CI = 0.2–1.9). Single noncarcinogenic type
viral load was not associated with increased risk of prevalent or incident ≥CIN2 (OR = 1.2 and
1.1, respectively). In conclusion, carcinogenic high viral load was associated with prevalent
≥CIN2; however HPV16 was uniquely associated with incident ≥CIN2. The extent to which these

© 2007 Wiley-Liss, Inc.
*Correspondence to: Departments of Epidemiology and Molecular Microbiology and Immunology, Johns Hopkins Bloomberg School
of Public Health, 615 N. Wolfe St., E6535, Baltimore, MD 21205, USA. Fax: 1410-955-1383. pgravitt@jhsph.edu.
These first two authors contributed equally to this work.

NIH Public Access
Author Manuscript
Int J Cancer. Author manuscript; available in PMC 2014 March 24.

Published in final edited form as:
Int J Cancer. 2007 December 15; 121(12): 2787–2793. doi:10.1002/ijc.23012.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



observations can be translated into clinical practice must be rigorously examined in the context of
the method of viral load measurement and the type-specific differences observed for incident
≥CIN2.
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Human papillomaviruses (HPV) are the causal agent of invasive cervical cancer.1 Current
screening guideline in the US incorporate HPV DNA testing of cervical samples to clarify
equivocal Pap tests and as an adjunct to cytology in primary screening among women over
age 30 years. A negative HPV test greatly reduces the risk of a cancer precursor. This allows
women with equivocal cytology to return to the general screening pool and women 30-years
and older with normal cytology and no high-risk HPV to extend their screening interval to 3
years. Although HPV testing is clinically useful, many women with self-limited
carcinogenic HPV infections test positive and are subjected to unnecessary procedures.
Therefore, identifying markers that indicate which HPV infections will persist and result in
progression to cancer precursors is an important research objective.

High concentration of HPV DNA in cervical specimens (HPV viral load)2–16 has been
evaluated as a marker for the presence of prevalent cervical cancer precursors (defined in the
United States for treatment purposes as CIN2 or worse, ≥CIN2) or incident ≥CIN2.
Following a typical infectious disease model, viral load as a measure of “dosage” (i.e., HPV
copy number) might be predictive of ≥CIN2 or the duration of infection. However
measuring viral load in routinely collected cervical samples is limited by potential bias in
specimen sampling, the complexity of interpreting viral load measures in the context of
multiple concurrent infections, and ambiguities in determining viral copy number per cell.
Methods employed to measure HPV load vary in the ability to address these limitations14

and this variability could explain the inconsistencies in studies of HPV load and ≥CIN2.

We therefore conducted detailed analyses of HPV DNA load and risk of prevalent and
incident histologically-confirmed ≥CIN2 using enrollment samples from a large, population-
based natural history study conducted in Guanacaste, Costa Rica with up to 7 years of
follow-up. By using a qualitative viral load estimate based on type-specific probe
hybridization intensity, we were able to evaluate the association between HPV viral loads
across the genotype spectrum.

Material and methods
Study population

The Proyecto Epidemiológico Guanacaste is a population-based study in a province of Costa
Rica where rates of cervical cancer are historically high. Study participants were enrolled
between June 1993 and December 1994 with the approval of the National Cancer Institute
(NCI) and Costa Rican institutional review boards.17,18 Of the 11,742 potentially eligible
subjects, 10,049 (93.4%) women provided written informed consent. Detailed methods of
recruitment, screening and follow-up were previously published.19

For both the cross-sectional (enrollment/prevalent) and prospective (incident) parts of this
analysis, we excluded women with prior hysterectomies (n = 630), who were virgins (n =
583), or who refused a pelvic exam (n = 291) resulting in a baseline analytic group of
8,545.19 When examining disease associations with qualitative viral load (PCR signal
intensity), women who at enrollment were found to be positive only for a combination of
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rare HPV types (dot blot mix) (n = 8) or uncharacterized types (n = 250) or missing PCR (n
= 32) or HPV negative (n = 6,263) were excluded, resulting in 1,296 women with single
HPV infections and 696 women with multiple HPV infections in the final analysis. Women
positive for the rare HPV types or for uncharacterized types were excluded as we could not
definitively ascertain whether these women had single or multiple HPV infections nor could
we accurately categorize these types in specific alpha genotype groups and/or risk groups.
For the incident disease analysis, the final analysis group excluded women diagnosed with
≥CIN2 at enrollment (n = 63) or women with missing follow-up data (n = 142).

HPV DNA testing and viral load determination
During a single pelvic examination at baseline, 2 exfoliative cervical specimens were
collected. Using a Cervex brush, the first specimen was employed to prepare both a
conventional Pap smear and thin-layer cytology slides (ThinPrep, Cytyc Corporation)19 and
a second cervical specimen was collected using a Dacron swab, placed into Digene
specimen transport medium (Digene Corporation, Gaithersburg, MD), and stored at −70°C
for future testing.

DNA was partially purified using standard protocols and PCR amplified using a MY09/M11
L1 consensus primer PCR (MY09/11 PCR) method with TaqGold polymerase as previously
described.20 HPV type-specific infections were detected by dot blot hybridization of PCR
products using type-specific oligonucleotide probes for HPV types 2, 6, 11, 13, 16, 18, 26,
31–35, 39, 40, 42–45, 51–59, 61, 62, 64, 66–74, 81, 82 (AE2 and W13B), 83–85 and 89.21

Probes for HPV Types 2, 13, 34, 42–4, 57, 64, 69, 74, 82 (AE2 and W13B) and 54 (AE9)
were pooled in dot blot hybridizations for detection of rare types (dot blot mix). For these
analyses, HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 6822 plus HPV6623

were considered carcinogenic. Specimens that tested HPV positive based on a radiolabeled
generic probe mix, but were not positive for any type specific probe, were considered to be
positive for uncharacterized HPV types. We also examined associations with two alpha
“species groups.”24 Group 1 contained mostly carcinogenic types: α9/ α11: HPV types 16,
31, 33, 34, 35, 52, 58, 64, 67 and 73; α7: HPV types 18, 39, 45, 59, 68, 70 and 85; and α5/
α6: HPV types 26, 51, 53, 56, 66, 69 and 82. Group 2 contained exclusively
noncarcinogenic HPV types: α3/α15: HPV types 61, 62, 71, 72, 81, 83, 84 and 89; and α1/
α8/α10/α13: HPV types 6, 11, 32, 40, 42, 54, 55 and 74.

To determine HPV PCR signal strength, three experienced HPV investigators interpreted
type-specific dot blot results and discrepancies were resolved by consensus. Dot blot
oligonucleotide hybridization signal intensity, a measure of viral load, was evaluated by two
researchers using a qualitative index on a scale of 1– 5 (weakest = 1 and strongest = 5). The
index represents the strength of the hybridization signal established by observing the density
and diameter of the PCR product on the autoradiogram. For the current analyses, viral load
findings were collapsed into dichotomous categories of low (PCR signal strength index of
1–3) and high (PCR signal strength index of 4–5) viral load. We also explored an alternative
categorization of <3 versus ≥3. The overall trends were similar when the PCR signal
strength of 3 was included in the low or high viral load definition; therefore only one
analysis is presented. A detailed description of the HPV16 and HPV 18 TaqMan PCR
methods and testing in this population have been previously described.14,25

Statistical analysis
On the basis of masked histopathology reviews performed in the US, final diagnoses were
assigned by algorithm: invasive cancer, CIN3, CIN2 and <CIN2.26 Unconditional logistic
regression was used to calculate odds ratios (ORs) with 95% CIs as an estimate of the
relative risk of ≥CIN2. We examined separately the association of type-specific qualitative
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viral load with CIN2 and CIN3 or worse. As our patterns for CIN2 and CIN3 or worse did
not substantially differ, only results for ≥CIN2 are shown. When estimating the viral load
association with incident ≥CIN2, we repeated all analyses restricting to (i) ≥CIN2 cases
occurring within 2 years of the enrollment viral load measurement and (ii) ≥CIN2 cases
occurring at least 2 years after the enrollment viral load measurement.

Viral load exposure was defined in three ways: (i) for each individual type restricted to
single infections, (ii) hierarchical type-specific classification in analyses including multiple
genotype infections and (iii) summed viral load across all genotypes. In analyses restricted
to single infections, the PCR signal strength from the type-specific oligonucleotide probe
hybridization was used. In the second analysis, when a woman was coinfected with more
than 1 HPV genotype (and thus had more than one viral load exposure), we hierarchically
selected the highest single carcinogenic viral load signal strength or the highest single viral
load from a noncarcinogenic type if there were no carcinogenic coinfections. Thus, in
women coinfected with carcinogenic and noncarcinogenic types, the carcinogenic type with
the highest viral load was selected even if a coinfecting noncarcinogenic type had a higher
viral load, because noncarcinogenic types only rarely produce CIN2 or CIN3.

In the third analysis, we simply summed the type-specific viral load signal strength across
all coinfections for a cumulative measure of viral burden and categorized this measure
according to tertile distribution. In these grouped analyses, we estimated the association
between viral load and risk of ≥CIN2 for all HPV types and in subgroups of types defined
by carcinogenicity and by phylogenetic alpha species.24

The distribution of absolute viral load as determined by TaqMan PCR for HPV16 and
HPV18 in categories of PCR signal strength were evaluated by box and whiskers plots. PCR
signal intensity and TaqMan PCR viral load were compared using Spearman rank
correlation.

Results
Association of viral load with prevalent ≥CIN2

To validate the use of the PCR signal strength index as a surrogate viral load measure, type-
specific signal strength intensity in women testing positive for HPV16 and/or HPV18 was
compared to real-time PCR. Figure 1 indicates that in women testing positive for either
HPV16 or HPV18, the PCR signal intensity was highly correlated to real-time PCR
[Spearman's ρ (rho)] = 0.70 and 0.63, respectively). These data suggest that stratification of
lower and higher viral load by hybridization signal intensity is a valid method for
assessment of the relative viral load.

Using the type-specific dichotomous viral load signal strength index, we found a strong
relationship with prevalent ≥CIN2 and high viral load in women with any single HPV type
(OR = 10.4, 95% CI = 4.5–24.4) and in women with single and multiple HPV types
combined (OR = 13.0, 95% CI = 6.3–26.8) (Table I). We found that HPV16 positive women
with no other HPV type had the strongest relationship (OR = 19.2, 95% CI = 4.4–83.2).
Inclusion of women with multiple HPV types in addition to HPV16; however, did not
strengthen this association (OR = 12.3, 95% CI = 4.3–34.8). To limit the possibility that the
combined carcinogenic viral load association was driven mostly by inclusion of HPV16, we
reestimated the relative odds after exclusion of the women having HPV16 and found only a
modest attenuation of the risk estimate (OR = 13.6 vs. 9.2 among single carcinogenic HPV
types with and without HPV16, respectively). Whereas low prevalence of individual HPV
types precluded a type-specific analysis, we were able to examine disease associations in
women with single HPV types restricted to each of the 3 carcinogenic-containing species
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groups (α9/11, α7 and a5/6). Similar increased odds of ≥CIN2 among women with high
viral load in each species (data not shown) indicated that the association between prevalent
≥CIN2 and high viral load was not unique to HPV16 or HPV16-related genotypes.

As others have attempted to utilize Hybrid Capture 2 (HC2 RLU/CO; Digene Corporation,
Gaithersburg, MD), a measure of cumulative viral burden, as a surrogate of viral load, we
too attempted to evaluate associations of a summation of our qualitative viral load measure,
again for risk of prevalent ≥CIN2. We found that women with mid-level (summed PCR
signal strength indices ranging from 4–5) and the highest level (summed signal strength
indices ≥6) of any HPV type were more likely to have prevalent ≥CIN2 (OR = 10.0 and
13.7, respectively) compared to women with the lowest values (summed signal strength
indices ranging from 1–3) (Table II). The highest summed viral load category (≥6)
represented samples testing positive for multiple HPV types relative to the lower viral load
categories.

Association of viral load with incident ≥CIN2
A baseline viral load measure in women without high grade neoplasia (<CIN2) was
associated with an increased risk of incident ≥CIN2 over 7 years only in women testing
positive for HPV16 alone (OR = 27.2, 95% = 3.5–213.5; Table III). After excluding women
with HPV16 positive single infections (i.e., among women with single, non-16, carcinogenic
type infection), we observed no increased risk associated with higher viral load (OR = 0.7,
95% CI = 0.2–1.9; Table III), suggesting that the overall association with incident ≥CIN2
was explained by HPV16 viral load. Baseline genotypes for non-HPV16 carcinogenic
≥CIN2 cases are listed in Table IV. When women testing positive for multiple HPV types
were included in the analyses along with the single infections, the risk of incident >CIN2
among all women was similar in all cases except in women having HPV16 alone. Among
women with HPV 16 plus other carcinogenic coinfections, the risk was significantly
attenuated (OR = 2.6, 95% CI = 1.2–5.8), compared to women with only a single HPV16
infection. Viral load was not associated with increased risk of incident ≥CIN2 in women
positive for either single or single and multiple noncarcinogenic HPV types combined (OR =
1.2 and 1.1 respectively; Table III). Similar results were obtained when using summed viral
load categories, with significant associations observed only among women testing positive
for HPV16, with no further increase risk when viral load exceeded 5 (implying multiple
infections) (Table V).

Because of the known limitations of colposcopy as a reference standard,27 we repeated the
analyses based on the time of incident ≥CIN2 diagnosis to evaluate the potential bias
resulting from inclusion of missed prevalent lesions. A similar proportion of incident cases
associated with HPV16 infection occurred within 2 years of enrollment (5/18, 27.8%) as
incident cases associated with non-HPV16-carcinogenic infection (3/15, 20%; p = 0.6),
suggesting that the uniquely increased risk of incident ≥CIN2 for high HPV 16 viral load
was not a result of more missed prevalent lesions among HPV16-positive women. Indeed,
the inferences were unchanged when alternately restricting the analysis to cases occurring
within 2 years of enrollment, and cases occurring after 2 years of enrollment (data not
shown).

Discussion
In a population-based study, we found an association between prevalent, histologically
confirmed ≥CIN2 and high viral load in women with single HPV16 infections14 using a
qualitative viral load measure based on oligonucleotide probe hybridization signal intensity.
We also detected an association between carcinogenic, but not noncarcinogenic, high viral
load and prevalent ≥CIN2. This effect was retained even after exclusion of women with
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HPV16, suggesting that carcinogenic high viral load in prevalent ≥CIN2 is not uniquely
associated with HPV16 infection. These data are consistent with our recent analyses
examining associations between viral load and cytologic abnormalities.12

Our primary analyses were restricted to women testing positive for single HPV types since it
is difficult to attribute viral load to lesion development when women have coinfections.
Under the one-virus/one-lesion paradigm, only the viral load for the genotype that gives rise
to the neoplastic lesion is thought to be relevant to disease risk.28 As 35% of women with
characterized HPV types in this population have multiple HPV types, we evaluated viral
load-disease relationships in all women with multiple HPV types by assigning a viral load
measure as the highest qualitative viral load among the multiple carcinogenic HPV types.
Using this approach, we did not observe a substantial difference from what we observed for
single infections, suggesting that exclusion of women with multiple infections did not
substantially bias our primary results.

It is important to differentiate grouped type-specific viral load estimates such as those used
in our analysis from the more commonly used measurement of cumulative viral burden (e.g.,
HC2 RLU/CO).5,29 By creating a composite viral load score based on the summation signal
strength indices from all concomitant infections, we estimated a cumulative viral burden
similar to HC2. Unlike HC2 viral load, which is a summation of the total viral burden from
any carcinogenic HPV in the sample (and thus inherently inclusive of HPV16), our summed
viral load measure allows examination of disease-viral burden associations after removing
the dominating effect of HPV16. When we examined women that had tested positive for
both single and multiple HPV types, we found that women with higher carcinogenic viral
loads, with or without including HPV16, have greater risk of ≥CIN2. This finding was not
dissimilar to what would be detected with HC2 and further suggests that increasing viral
load because of increasing number of infecting HPV types (signal strength index ≥6) is
associated with a modest increase in odds of prevalent ≥CIN2 among women with non-
HPV16 carcinogenic types. Among women infected with HPV16; however, testing positive
for other HPV types did not increase risk. HPV16, found alone at high viral load, was the
greatest risk predictor that we observed, and might represent an enlarging clone of HPV-
infected cells facilitating diagnosis of ≥CIN2. These data are consistent with previous
reports from this population.30

When evaluating the prognostic association of a baseline HPV viral load with risk of
incident ≥CIN2, we confirmed earlier reports of a strong association with HPV16 viral
load.9 We failed to detect an association for pooled non-HPV16 carcinogenic types and
incident ≥CIN2 (Table III). Small numbers of cases of individual non-16 types do not allow
us to exclude the possibility that one or more of the non-HPV16 carcinogenic types have a
viral load association with incident ≥CIN2. Larger studies are required for more complete
evaluation of non-16 carcinogenic type-specific viral load associations with incident ≥CIN2.

It is important to consider the complex natural history of HPV infection and CIN diagnosis
when interpreting the type-specific risk differences for incident ≥CIN2. First, disease
occurring within 2 years of the baseline viral load measure may represent missed prevalent
disease; however, we did not observe a significantly higher proportion of HPV16 positive
incident ≥CIN2 cases during the first two years of follow-up relative to non-HPV16
carcinogenic cases. We therefore do not believe that missed diagnoses explain the difference
in risk observed with HPV16. Second, we are measuring viral genotype and load at a fixed
time, following for development of disease without concomitant follow-up of the type-
specific viral infection. It is quite feasible that a proportion of incident ≥CIN2 detected over
7 years of follow-up resulted not from the baseline infection, but from a subsequent,
unmeasured infection. In these cases, it is not surprising that the baseline type-specific viral
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load was not predictive of disease progression. To evaluate the possible use of repeated viral
load measurements, we are currently looking at longitudinal analyses, trends in viral load,
and associated risks of incident ≥CIN2. Finally, in Figure 2, we have represented two
possible scenarios of subsequent (and unmeasured in this case) natural history of infection
following a high baseline viral load measure. Specifically, any cross-sectional identification
of high viral load in the absence of neoplasia may reflect the peak of viral replication prior
to immune recognition and clearance (Fig. 2a) or a persistently high viral load (Fig. 2b). The
unique predictive value of HPV16 viral load for incident ≥CIN2 could be explained if
women with HPV16 are more likely to be detected at cross-section with persistent infection
and high viral load (State B, Fig. 2) relative to non-HPV16 carcinogenic infections. The fact
that HPV16 accounts for nearly 50% of all cervical cancers worldwide, despite being only
marginally more prevalent than other types as an asymptomatic infection in the general
population, points to poorly-understood but clearly unique properties of HPV16 relative to
the other carcinogenic HPV genotypes. This is also reflected in the present study where the
cumulative risk of ≥CIN2 diagnosis was higher for HPV16 (20.6%), compared to women
with non-HPV16 carcinogenic types (5.1%) or noncarcinogenic types (1.6%) (data not
shown).

In summary, carcinogenic high viral load was associated with prevalent ≥CIN2; however
only HPV16 was associated with incident ≥CIN2. Because (i) complex research assays
which are not clinically available were used to estimate type-specific viral load and (ii) the
limitation of prognostic benefit of viral load testing to HPV16 only, efforts to translate these
findings into clinical application should be approached with caution.
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Figure 1.
Box plots of log10-transformed HPV16 (a and b) and HPV18 (c and d) normalized viral
load (viral load per 20,000 GAPDH copies) by oligonucleotide hybridization signal intensity
in the original 5 (a and c) and collapsed 2 (b and d) categories. The median crude HPV copy
number (and interquartile range) by hybridization signal intensity, HPV 16: 1 = 10 (1–48), 2
= 6 (1–240), 3 = 144 (27–1661), 4 = 2538 (294–12,610), 5 = 14,382 (2988–61,936); HPV
18: 1 = 2 (1–7), 2 = 221 (1–5682), 3 = 745 (154–6137), 4 = 1387 (172–4881), 5 = 5001
(1803–175,651). [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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Figure 2.
Schematic representation of underlying trajectory of HPV infection from cross-sectional
viral load measurements. A similar baseline viral load measurement (t0) is found in subject
(a) and subject (b). However, longitudinal characterization of the subsequent natural history
of the infection demonstrates that the high viral load could reflect one of two underlying
states (a) the peak viral replication prior to immune recognition and clearance, or (b) a
persistently high viral load, inclusive of a persistent neoplasia. To the extent that women
with HPV 16 may be more likely at cross-section to be in state (b) relative to other
genotypes, this could explain the unique predictive value of HPV 16 viral load for incident
CIN2+.
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Table II
Association of the Sum of HPV Viral Load with Prevalent >Cin2

HPV risk group Qualitative viral load1 N (cases/controls)2 OR (95% CI)

All infections Low (1–3) 6/698 ref.

Mid (4–5) 60/697 10.0 (4.3–23.3)

High (6+) 56/475 13.7 (5.9–32.1)

Carcinogenic3 Low (1–3) 4/297 ref.

Mid (4–5) 56/337 12.3 (4.4–34.4)

High (6+) 54/375 10.7 (3.8–29.9)

HPV16+ Low (1–3) 2/69 ref.

Mid (4–5) 36/73 17.0 (3.9–73.4)

High (6+) 24/98 8.4 (1.9–36.9)

Carcinogenic, HPV16− Low (1–3) 2/228 ref.

Mid (4–5) 20/264 8.6 (2.0–37.3)

High (6+) 30/277 12.3 (2.9–52.2)

Noncarcinogenic Low (1–3) 2/401 ref.

Mid (4–5) 4/360 2.2 (0.4–12.2)

High (6+) 2/100 4.0 (0.6–28.8)

HPV, human papillomavirus; OR, odds ratio; 95% CI, 95% confidence interval.

1
Viral load for HPV groups and species reflects type-specific HPV PCR probes. Parentheses indicate range of the sums of PCR signal strength

indices.

2
Cases were women with prevalent CIN2 or worse at enrollment. Controls were women with prevalent CIN1 or better at enrollment. Women with

both single and multiple HPV infections are included.

3
For women with multiple HPV types, women had to have had at least one carcinogenic HPV type to be categorized as ‘Carcinogenic’
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Table IV
Baseline Genotype and Viral Load Among the 15 Women with Single, Non- HPV 16
Carcinogenic HPV Infection and Incident ≥Cin2 During 7 Years of Follow-Up

HPV genotype Hybridization Signal strength Enrollment diagnosis Final diagnosis

HPV 31 2 Normal CIN 2

HPV 31 2 Normal CIN 2

HPV 33 4 Normal CIN 2

HPV 18 1 Normal CIN 3

HPV 31 5 Normal CIN 3

HPV 51 1 Normal CIN 3

HPV 18 3 Normal CIN 3

HPV 52 4 Normal CIN 3

HPV 18 2 Normal cancer

HPV 33 5 Equivocal CIN 2

HPV 31 2 Equivocal CIN 2

HPV 33 4 Equivocal CIN 3

HPV 33 3 Equivocal CIN 3

HPV 35 5 Equivocal CIN 3

HPV 35 2 LSIL CIN 3

Genotype and hybridization signal strength was measured at enrollment.

Int J Cancer. Author manuscript; available in PMC 2014 March 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gravitt et al. Page 16

Table V
Association of the Sum of HPV Viral Load with Incident >Cin2

HPV risk group Qualitative Viral Load1 N (cases/controls)2 OR (95% CI)

All infections Low (1–3) 15/605 ref.

Mid (4–5) 34/578 2.4 (1.3–4.4)

High (6+) 30/367 3.3 (1.8–6.2)

Carcinogenic3 Low (1–3) 10/254 ref.

Mid (4–5) 28/267 2.7 (1.3–5.6)

High (6+) 29/279 2.6 (1.3–5.5)

HPV16+ Low (1–3) 1/61 ref.

Mid (4–5) 19/45 25.8 (3.3–199.5)

High (6+) 15/64 14.3 (1.8–111.5)

Carcinogenic, HPV16− Low (1–3) 9/193 ref.

Mid (4–5) 9/222 0.9 (0.3–2.2)

High (6+) 14/215 1.4 (0.6–3.3)

Noncarcinogenic Low (1–3) 5/351 ref.

Mid (4–5) 6/311 1.4 (0.4–4.5)

High (6+) 1/88 0.8 (0.09–6.9)

HPV, human papillomavirus; OR, odds ratio; 95% CI, 95% confidence interval.

1
Viral load for HPV groups and species reflects type-specific HPV PCR probes. Parentheses indicate range of sums of PCR signal strength indices.

2
Cases were women with incident CIN2 or worse during folllow-up after excluding women with CIN2 or worse at enrollment based on both

cytology and histology. Controls were women without incident CIN2 or worse at enrollment and during follow-up. Women with both single and
multiple HPV infections are included.

3
For women with multiple HPV types, women had to have had at least one carcinogenic HPV type to be categorized as ‘Carcinogenic’
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