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Background. Multiple human papillomavirus (HPV) genotypes may be independently or synergistically
associated with risk of high-grade squamous intraepithelial lesions (HSILs). We evaluated the risk of HSIL in
women concomitantly infected with multiple HPV genotypes.

Methods. A population-based stratified sample of 59 664 cervical cytology specimens from women residing in
New Mexico were evaluated for cytologic abnormalities and HPV genotypes. We calculated the risk of HSIL in
women infected with a single HPV genotype and the risk in those infected with multiple HPV genotypes.

Results. The highest risk of HSIL was observed for HPV-16 (0.036), followed by HPV-33 (0.028), HPV-58
(0.024), and HPV-18 (0.022). For most types, we observed a greater risk of HSIL in women infected with multiple
carcinogenic HPV types. In contrast, the risk of HSIL was similar in women infected with HPV-16 and other types,
compared with women infected with HPV-16 only. We observed an increased but plateauing risk of HSIL in
women infected with multiple types, compared with those infected with a single type, with risk ratios of 1.5
(95% confidence interval [CI], 1.2–1.8), 1.7 (95% CI, 1.3–2.4), and 1.4 (95% CI, 0.83–2.5) for women infected with
2, 3, and ≥4 genotypes, respectively.

Conclusions. In the largest population-based study of HPV genotypes and cytologic outcomes so far, we did
not see more than additive effects of HPV types on the risk of HSIL in women infected with multiple types.

Keywords. cervical cancer screening; cytology; human papillomavirus (HPV); multiple Infections.

Cervical cancer is caused by persistent infections with
carcinogenic human papillomavirus (HPV) types. Al-
though many of these infections are associated with
minor cytomorphologic abnormalities, few progress to
cervical precancer, and only a subset of precancers
invade to become cancers [1].

The etiologic steps (infection, progression to pre-
cancer, invasion) of HPV-related carcinogenesis are
well understood, but the determinants of progression
remain largely unclear. Some behavioral factors, such
as smoking, multiparity, and long-term hormonal con-
traceptive use, are associated with progression to cervi-
cal precancer and cancer, but the effects are modest [2].
In cohort studies, viral genotype has been found to be
associated with progression [3–5]. HPV-16 is the most
carcinogenic type and causes about 50% of cervical
cancers worldwide, followed by HPV-18, HPV-45, and
HPV-31 [6]. While several other types are commonly
found among women without disease or with pre-
cancers, their attributable risks for cancer are much
lower, compared with HPV-16 [7, 8].
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Studying the risk of cancer precursors related to individual
carcinogenic genotypes is complicated by the high prevalence
of infection with multiple carcinogenic genotypes, especially
among young women at the peak of sexual transmission of
HPV [7, 9]. Biologically, there is no evidence for interaction
between HPV genotypes with regard to the risk of cancer;
therefore, it can be hypothesized that each infection is indepen-
dently associated with a risk of precancer and cancer. However,
there are controversial reports from cohort studies, some of
them suggesting that HPV genotypes in infections involving
multiple types act synergistically [10, 11]. Studying HPV geno-
type interactions is important to understand the biology of
HPV infection and progression and to estimate the effect of
vaccination on cervical disease outcomes.

Previous studies had limited numbers of disease end points.
Here, we evaluated the associations between infection with
single and multiple carcinogenic HPV genotypes and the risk
of high-grade cytologic lesions in a large population-based
study of >59 000 cervical cytology specimens.

METHODS

Population
The study sample was drawn from all 378 992 cervical cytology
specimens collected between December 2007 and April 2009
from women residing in New Mexico and ascertained as previ-
ously described [12]. HPV genotyping was performed on a
sample of 59 664 liquid-based cytology specimens from 7 in-
state laboratories. A stratified random sample that used 4 strata
based on age (≤30 vs >30 years) and cytology result (negative
vs atypical squamous cells of undetermined significance [ASC-
US] and worse) was used. Because the focus was the influence
of HPV vaccination, there was oversampling of younger, cytol-
ogy-negative women and women of all ages with abnormal cy-
tology findings. Specimens were from 28 355 of 116 488
women (24.3%) aged ≤30 years with negative cytology results,
11 231 of 229 549 (4.9%) aged >30 years with negative cytology
results, 11 155 of 18 962 (58.8%) aged ≤30 years with abnormal
cytology results, and 8923 of 13 993 (63.8%) aged >30 years
with abnormal cytology results (Table 1) were genotyped.

The research reported here was interfaced to the New
Mexico HPV Pap Registry (NMHPVPR) and was approved by
the University of New Mexico Human Research Review Com-
mittee. The NMHPVPR was established to monitor the contin-
uum of cervical screening preventive care and to characterize
the population-level influence of HPV vaccination through sur-
veillance and approved research investigations.

HPV Genotyping
The LINEAR ARRAY HPV Genotyping Test (HPV LA; Roche
Diagnostics, Indianapolis, IN) is a nonquantitative test for 37
HPV genotypes that incorporates selective polymerase chain Ta
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reaction (PCR) amplification with biotinylated PGMY 09/11 L1
region consensus primers and colorimetric detection of ampli-
fied products bound to immobilized HPV genotype–related
oligonucleotide probes on a LINEAR ARRAY HPV genotyping
strip. PGMY-based HPV genotyping with the HPV LA and pro-
totype Line Blot assay was conducted in SurePath (Becton-Dick-
inson, Franklin Lakes, NJ) or ThinPrep (Hologic, Boxborough,
MA) specimens and has been previously reported in detail for
this population [12]. Both SurePath and ThinPrep samples were
refrigerated after collection and were processed between 30 and
45 days (SurePath) or between 45 days and 6 months (ThinPrep),
respectively, following clinical collection. After vigorous mixing
of the original liquid cytology specimens, 500-µL aliquots of
SurePath or ThinPrep solution were transferred to 12 mm× 75
mm polypropylene tubes, and DNA was purified using a Cobas
X421 robot (Roche Molecular Systems [RMS], Pleasanton, CA).
The robot performed proteinase K digestion and inactivation
with the final DNA eluate (150 µL) delivered into a 96-well
QiaAmp plate (Qiagen, Valencia, CA). Fifty microliters (50 µL)
of purified DNA was transferred to a tube with 50 µL of HPV
Linear Array master mix, and the mixture was amplified by PCR,
using the Applied Biosystems (Foster City, CA) gold-plated
96-well GeneAmp PCR System 9700 as specified by the manu-
facturer. Controls for contamination and assay sensitivity were
included in each 96-well assay.

By use of the Roche HPV LA detection kit, hybridizations were
automated using Tecan ProfiBlot-48 robots (Tecan, Grödig,
Austria). The Roche HPV LA Genotyping Test detects 13 high-
risk and 24 low-risk HPV types. HPV-52 is not determined
directly by a type-specific probe but rather by a probe that cross-
hybridizes with HPV-33, -35, -52, and -58. The presence of HPV-
52 was inferred only if the cross-reactive probe was hybridized but
no hybridization was detected for the probes specific for HPV-33,
-35, and -58. Notably, concurrent infections involving HPV-52
and any of the 3 other types cannot be detected. Two independent
readers interpreted the presence of HPV genotypes, using a refer-
ence templateprovidedbythemanufacturer.Anydiscrepancieswere
identified by a custom computer application applied to the data
input and were adjudicated by a third review. The present anal-
ysis was restricted to the following 13 carcinogenic types: HPV-
16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68.

Cervical Cytology
Liquid-based cytology was performed in 7 laboratories, using
either ThinPrep (Hologic) or SurePath (BD) liquid-based cytol-
ogy systems. Cytology results were classified according to the
2001 Bethesda System (TBS): high-grade squamous intraepi-
thelial lesion (HSIL), atypical squamous cells cannot rule out
HSIL (ASC-H), atypical glandular cells (AGC), low-grade squa-
mous intraepithelial lesion (LSIL), atypical squamous cells of
undetermined significance (ASC-US), and negative for intrae-
pithelial lesion or malignancy. Cytology results reported as

cervical intraepithelial neoplasia (CIN) grade 1 were classified
as LSIL, and results reported as CIN grade 2 (CIN2), CIN grade
3 (CIN3), carcinoma in situ (CIS), or possible carcinoma were
classified as HSIL. Cytology results were based on local read-
ings, and no attempt was made to review them centrally or un-
dertake quality assurance activities.

Statistical Analysis
We calculated proportions of cytology results given the pres-
ence of specific genotypes after weighting back to the whole
population by using the sampling fractions shown in Table 1.
We stratified the analyses by age (≤30 and >30 years), by infec-
tion with single or multiple types, and in infections with multi-
ple types, by whether HPV-16 was present or not. We
performed χ2 tests to evaluate whether the risk of any cytologic
abnormality and of HSIL differed across all carcinogenic geno-
types present in single infections. Next, for each individual ge-
notype, we performed chi-square tests, comparing the
proportion of ASC-US or greater and of HSIL by presence of
single or multiple infections, and in multiple infections,
whether HPV16 was present or not. We evaluated the influence
of the number of carcinogenic types on the risk of cytologic ab-
normalities by analyzing proportions of cytology categories
related to the number of carcinogenic HPV types in the com-
plete sample and after excluding women with HPV-16 infec-
tions. Raw P values are presented in the text and tables, with
footnotes indicating P values that were statistically significant
after conservative Bonferroni correction (P < .0038). This pre-
sentation permits an assessment of the results without adjust-
ment for multiple comparisons and with the most conservative
correction for multiple comparisons.

We ran logistic regression models for the risk of HSIL versus
the risk of other cytologic findings, stratified by the number of
HPV genotypes detected, and we repeated the runs after excluding
women infected with HPV-16. We ran weighted χ2 tests to
examine the role of multiple HPV genotypes, with or without
HPV-16, on the risk of HSIL. First, in a model that included all
women with at least 1 HPV type, we computed a P value from a
χ2 test for the difference in HSIL between women with 1 versus
>1 type. Next, we limited the analysis to women who had multiple
(ie, ≥2) types and repeated the analysis to see whether there was
any difference between women who had 2 types and those who
had ≥3 types. Furthermore, we also compared 2–3 types with ≥4
types. All analyses were run in SAS, version 9.1.

RESULTS

Risk of Abnormal Cytology Results, by HPV Genotype
As the first fundamental observation, for all HPV types, most as-
sociated cytology results were negative (Table 2). Thus, most in-
fections were not accompanied by even equivocal cytologic
abnormalities (ASC-US), as diagnosed in routine clinical

Lack of Synergy Between HPV Genotypes • JID 2014:209 (15 March) • 857



practice. HPV-16 was the most common carcinogenic HPV ge-
notype in the stratified sample (n = 4234), followed by HPV-51
(n = 2878), HPV-39 (n = 2498), HPV-59 (n = 2275), and HPV-
31 (n = 2122; Table 2). The least common carcinogenic types in
the sample were HPV-45 (n = 1130), HPV-35 (n = 1024), HPV-
68 (n = 815), and HPV-33 (n = 591).

For each type (whether occurring alone or with other geno-
types), we calculated the proportions of associated cytology
results. The highest (weighted) proportions associated with
HSIL were observed for HPV-16 (0.036), followed by HPV-33
(0.028), HPV-58 (0.024), HPV-18 (0.022), HPV-35 (0.021),
and HPV-31 (0.020; Table 2). Importantly, these are not the
fractions of HSIL cases associated with each type but, rather,
the fractions of the infections associated with HSIL. HPV-56
and HPV-51 had the highest proportions of LSIL (0.209 and
0.159, respectively). We stratified the population by age, using
≤30 years and >30 years, and again evaluated the proportions
of cytology results related to individual genotypes (Table 2).
For all genotypes, among women aged >30 years, we observed
a higher proportion of negative cytology results and a much
lower proportion of LSIL cytology results, compared with the
younger group. In contrast, the difference in HSIL risk between
the 2 age categories was less consistent: some genotypes (eg,
HPV-33 and HPV-51) were associated with a higher risk of
HSIL in the younger group, whereas others (eg, HPV-18 and
HPV-45) had a higher risk in the older group.

We examined the relationship of HPV type to cytologic ab-
normality in women infected with a single HPV genotype.
Overall, the cytology result (ie, any abnormality vs a negative
finding, or HSIL vs a finding less severe than HSIL) differed
significantly by HPV genotype (P < .001), based on the distri-
bution of cytology findings in the first row for each genotype in
Table 3. The same heterogeneity was observed when this rela-
tionship was analyzed individually in the younger and older age
groups (P < .001; Supplementary Tables 1 and 2).

Table 2. Proportion of Cytology Results, by Human Papillomavi-
rus (HPV) Genotype, Weighted to the Overall Population

Type, Age
Specimens,
No. (%)

Weighted Proportion

NILM ASC-US LSIL ASC-H HSIL

HPV-16
All 4234 0.678 0.145 0.111 0.030 0.036

≤30 y 3473 (82) 0.632 0.164 0.136 0.033 0.036

>30 y 761 (18) 0.779 0.104 0.057 0.024 0.036
HPV-18

All 1461 0.689 0.155 0.115 0.018 0.022

≤30 y 1105 (76) 0.650 0.173 0.138 0.019 0.020
>30 y 356 (24) 0.765 0.120 0.070 0.018 0.027

HPV-31

All 2122 0.703 0.153 0.099 0.025 0.020
≤30 y 1629 (77) 0.655 0.178 0.119 0.025 0.023

>30 y 493 (23) 0.793 0.106 0.060 0.026 0.015

HPV-33
All 591 0.673 0.152 0.122 0.024 0.028

≤30 y 445 (75) 0.630 0.167 0.153 0.018 0.033

>30 y 146 (25) 0.754 0.125 0.065 0.036 0.019
HPV-35

All 1024 0.685 0.152 0.122 0.020 0.021

≤30 y 734 (72) 0.612 0.182 0.158 0.021 0.026
>30 y 290 (28) 0.786 0.110 0.072 0.018 0.014

HPV-39

All 2498 0.717 0.141 0.120 0.012 0.009
≤30 y 2037 (82) 0.672 0.161 0.144 0.013 0.010

>30 y 461 (18) 0.824 0.094 0.066 0.010 0.006

HPV-45
All 1130 0.750 0.135 0.091 0.015 0.008

≤30 y 832 (74) 0.708 0.159 0.108 0.018 0.008

>30 y 298 (26) 0.818 0.098 0.065 0.010 0.009
HPV-51

All 2878 0.656 0.150 0.159 0.018 0.016

≤30 y 2339 (81) 0.605 0.168 0.188 0.021 0.018
>30 y 539 (19) 0.780 0.106 0.089 0.012 0.013

HPV-52

All 2035 0.763 0.132 0.078 0.016 0.011
≤30 y 1566 (77) 0.726 0.154 0.093 0.014 0.013

>30 y 469 (23) 0.831 0.091 0.052 0.020 0.007

HPV-56
All 1709 0.608 0.161 0.209 0.012 0.010

≤30 y 1240 (73) 0.565 0.175 0.238 0.012 0.010

>30 y 469 (27) 0.686 0.137 0.156 0.013 0.008
HPV-58

All 1532 0.673 0.160 0.123 0.020 0.024

≤30 y 1215 (79) 0.641 0.173 0.140 0.021 0.025
>30 y 317 (21) 0.750 0.128 0.083 0.018 0.021

HPV-59

All 2275 0.759 0.132 0.094 0.008 0.007
≤30 y 1855 (82) 0.713 0.154 0.116 0.009 0.007

>30 y 420 (18) 0.855 0.086 0.048 0.005 0.006

Table 2 continued.

Type, Age
Specimens,
No. (%)

Weighted Proportion

NILM ASC-US LSIL ASC-H HSIL

HPV-68
All 815 0.758 0.130 0.094 0.014 0.005

≤30 y 606 (74) 0.676 0.171 0.129 0.020 0.005

>30 y 209 (26) 0.863 0.078 0.049 0.006 0.005

Abbreviations: ASC-H, atypical squamous cells, rule out HSIL; ASC-US,
atypical squamous cells of undetermined significance; HSIL, high-grade
squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial
lesion; NILM, negative for intraepithelial lesion or malignancy.
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Table 3. Cytology Results in Infections Involving Single and Multiple Human Papillomavirus (HPV) Genotypes Among All Sampled
Women

Type Specimens, No.

Specimens, Proportion P a

NILM ASC-US LSIL ASC-H HSIL All HSIL

HPV-16
Only 2133 0.754 0.114 0.068 0.028 0.037 <.00001b .68955

Plus others 2101 0.571 0.189 0.172 0.033 0.035

HPV-18
Only 596 0.789 0.105 0.077 0.011 0.018 <.00001b .11492

Plus others

Overall 834 0.582 0.208 0.156 0.026 0.027
No HPV-16 574 0.589 0.206 0.16 0.023 0.021 .38391

Includes HPV-16 260 0.566 0.212 0.148 0.034 0.04

HPV-31
Only 982 0.787 0.121 0.058 0.02 0.014 <.00001b .00255b

Plus others

Overall 1119 0.595 0.195 0.151 0.032 0.027
No HPV-16 756 0.618 0.184 0.148 0.025 0.025 .0561

Includes HPV-16 363 0.545 0.22 0.156 0.046 0.034

HPV-33
Only 259 0.781 0.1 0.077 0.023 0.019 <.00001b .03466

Plus others

Overall 325 0.533 0.219 0.18 0.026 0.041
No HPV-16 208 0.575 0.225 0.152 0.018 0.03 .02757

Includes HPV-16 117 0.447 0.207 0.24 0.044 0.062

HPV-35
Only 459 0.747 0.14 0.082 0.014 0.017 <.00001b .23078

Plus others

Overall 558 0.618 0.165 0.166 0.026 0.025
No HPV-16 394 0.631 0.156 0.167 0.024 0.022 .7094

Includes HPV-16 164 0.584 0.188 0.165 0.032 0.032

HPV-39
Only 1085 0.818 0.097 0.077 0.004 0.005 <.00001b .00036b

Plus others

Overall 1396 0.599 0.192 0.172 0.023 0.014
No HPV-16 997 0.626 0.181 0.168 0.018 0.008 .00001b

Includes HPV-16 399 0.524 0.225 0.183 0.035 0.033

HPV-45
Only 447 0.878 0.071 0.039 0.007 0.004 <.00001b .01106

Plus others

Overall 665 0.592 0.216 0.155 0.024 0.014
No HPV-16 479 0.619 0.202 0.15 0.017 0.012 .03944

Includes HPV-16 186 0.512 0.256 0.172 0.043 0.017

HPV-51
Only 1268 0.744 0.108 0.125 0.011 0.012 <.00001b .00753

Plus others

Overall 1590 0.56 0.196 0.197 0.026 0.021
No HPV-16 1120 0.58 0.19 0.189 0.022 0.018 .03521

Includes HPV-16 470 0.509 0.21 0.216 0.036 0.03

HPV-52
Only 942 0.844 0.097 0.042 0.011 0.005 <.00001b .00013b

Plus others

Lack of Synergy Between HPV Genotypes • JID 2014:209 (15 March) • 859



Effect of Coinfections on the Risk of Abnormal Cytology Results
for Individual Genotypes

For HPV-16, the risk of HSIL was slightly but not significantly
higher in women infected with HPV-16 only, compared with
women infected with HPV-16 and ≥1 other carcinogenic type.
For all other types, we observed a greater risk of HSIL in
women infected with multiple carcinogenic HPV types that
was significant for HPV-31 (P = .003, significant at the Bonfer-
roni threshold), HPV-33 (P = .03), HPV-39 (P = .0004, signifi-
cant at the Bonferroni threshold), HPV-45 (P = .01), HPV-51
(P = .008), HPV-52 (P = .0001, significant at the Bonferroni
threshold), HPV-56 (P = .03), HPV-59 (P < .0001, significant at
the Bonferroni threshold), and HPV-68 (P < .002, significant at
the Bonferroni threshold; Table 3). When comparing infections

with multiple types that included HPV-16 with those that did
not, all infections with multiple types were shifted to higher cy-
tology categories when they included HPV-16, compared with
the multiple-type infections without HPV-16 (for HPV-33,
P = .03; for HPV-39, P < .0001, significant at the Bonferroni
threshold; for HPV-45, P = .04; for HPV-52, P < .0001, signifi-
cant at the Bonferroni threshold; for HPV-58, P = .005; and for
HPV-59, P < .0001, significant at the Bonferroni threshold), but
for all types, the risk of HSIL for infection with multiple types
other than HPV-16 was still higher than that for infection with a
single type. For all genotypes, we observed a higher risk of LSIL
when the genotype was present with other genotypes, compared
with when it occurred alone. Notably, for all types except HPV-
18 and HPV-35 that were present in women infected with

Table 3 continued.

Type Specimens, No.

Specimens, Proportion P a

NILM ASC-US LSIL ASC-H HSIL All HSIL

Overall 1073 0.655 0.178 0.126 0.023 0.017
No HPV-16 720 0.683 0.177 0.114 0.018 0.009 .00003b

Includes HPV-16 353 0.59 0.182 0.155 0.037 0.037

HPV-56
Only 736 0.687 0.128 0.174 0.006 0.006 <.00001b .0283

Plus others

Overall 961 0.526 0.196 0.245 0.02 0.014
No HPV-16 688 0.541 0.198 0.233 0.018 0.011 .31507

Includes HPV-16 273 0.485 0.193 0.279 0.023 0.02

HPV-58
Only 696 0.741 0.146 0.078 0.015 0.02 <.00001b .26384

Plus others

Overall 827 0.6 0.175 0.172 0.026 0.027
No HPV-16 567 0.631 0.172 0.152 0.024 0.021 .00492

Includes HPV-16 260 0.52 0.184 0.224 0.031 0.042

HPV-59
Only 966 0.862 0.09 0.043 0.003 0.002 <.00001b <.00001b

Plus others

Overall 1300 0.64 0.181 0.153 0.013 0.013
No HPV-16 923 0.668 0.171 0.143 0.011 0.006 .00001b

Includes HPV-16 377 0.559 0.21 0.182 0.019 0.031

HPV-68
Only 304 0.874 0.072 0.051 0.003 0 <.00001b .00221b

Plus others

Overall 503 0.628 0.194 0.142 0.026 0.01
No HPV-16 365 0.657 0.179 0.128 0.028 0.007 .07408

Includes HPV-16 138 0.542 0.24 0.181 0.018 0.018

Abbreviations: ASC-H, atypical squamous cells, rule out HSIL; ASC-US, atypical squamous cells of undetermined significance; CI, confidence interval; HSIL, high-
grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; NILM, negative for intraepithelial lesion or malignancy.
a The column titled “All” contains results of comparisons of all cytology results, and the column titled “HSIL” contains results of comparisons of HSIL with findings
less severe than HSIL. From the same table, P < .0001 for comparison of HSIL with findings less severe than HSIL across all genotypes present in single
carcinogenic HPV infections (P < .0001). All P values were calculated by the χ2 test.
b Statistically significant at a Bonferroni threshold (P < .0038).
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multiple types, the risk of LSIL was higher in women in whom
infection included HPV-16 (Table 3).

For each HPV type, in women ≤30 years old coinfection
with another type was more common than monoinfection
(Supplementary Table 1), whereas in women >30 years old
monoinfection was more common than coinfection with
another type (Supplementary Table 2). The risk of LSIL was
much lower for all genotypes among older women, compared
with that for younger women.

For HPV-16, the risk of HSIL among women aged ≤30 years
infected with HPV-16 alone was nonsignificantly greater than
the risk for those infected with HPV-16 and ≥1 other carcino-
genic type (P = .14; Supplementary Table 1), whereas the risk
among women aged >30 years infected with HPV-16 alone was
nonsignificantly less than the risk for those infected with HPV-
16 and ≥1 other carcinogenic type (P = .09; Supplementary
Table 2). For most other types, the effects were similar in age-
stratified analyses, compared with the combined analysis. Con-
sistently for all types, the risk of HSIL was highest for women
in whom infection included HPV-16 and ≥1 other type.

Infection With Multiple Carcinogenic HPV Types and the Risk
of Abnormal Cytology Results
We analyzed the relationship between the risk of abnormal
cytology results and infection with increasing numbers of carci-
nogenic genotypes. In women infected with multiple types, we

observed an increasing proportion with any cytologic abnor-
mality and with HSIL (Table 4). Compared with the risk of
HSIL among women infected with a single HPV type, the risk
of HSIL among women infected with 2 types was 1.5-fold
greater (95% confidence interval [CI], 1.2–1.8), the risk among
women infected with 3 types was 1.7-fold greater (95% CI, 1.3–
2.4), and the risk among women infected with ≥4 types was
1.4-fold greater (95% CI, .83–2.5). Although we observed a sig-
nificant increase in the risk of HSIL among women infected
with ≥2 types, compared with those infected with 1 type (P <
.0001), we did not see a significant increase between women in-
fected with ≥3 types and those infected with 2 types or between
women infected with ≥4 types and those infected with 2 or 3
types (P > .05). In age-stratified analyses, slightly higher risk
ratios were observed for women >30 years of age. To evaluate
type multiplicity without the effects of HPV-16 in multiple geno-
type combinations, we repeated the analysis after excluding all
women with HPV-16 infections (Table 5). While the absolute
risk of HSIL was lower in HPV-16-negative women (eg, 0.014
for women with 2 carcinogenic types but without HPV-16 vs
0.021 for women with 2 carcinogenic types including HPV-16),
the increase in relative risk for women infected with multiple
types was very similar to what was observed when HPV-16 was
included in the analysis, with risk ratios of 1.5 (95% CI, 1.1–2.0)
in women infected with 2 types, 1.7 (95% CI, 1.0–2.9) in women
infected with 3 types, and 1.6 (95% CI, .60–4.5) in women

Table 4. Number of Carcinogenic Human Papillomavirus (HPV) Types and Risk of Cytologic Abnormalities for All Sampled Women

No. of Types, Age Specimens, No.

Specimens, Proportion HSIL

NILM ASC-US LSIL ASC-H Specimens, Proportion ORa (95% CI)

1
All 10 873 0.790 0.107 0.075 0.013 0.014 1.0

≤30 y 8113 0.748 0.125 0.098 0.013 0.015 1.0

>30 y 2760 0.843 0.085 0.046 0.013 0.013 1.0
2

All 3743 0.644 0.170 0.143 0.022 0.021 1.5 (1.2–1.8)

≤30 y 3141 0.625 0.179 0.152 0.023 0.021 1.4 (1.1–1.8)
>30 y 602 0.705 0.139 0.116 0.020 0.020 1.6 (1.1–2.4)

3

All 1211 0.538 0.213 0.196 0.028 0.024 1.7 (1.3–2.4)
≤30 y 1074 0.522 0.222 0.207 0.025 0.025 1.6 (1.1–2.3)

>30 y 147 0.615 0.174 0.144 0.044 0.024 1.8 (.84–4.0)

≥4
All 490 0.481 0.236 0.231 0.032 0.020 1.4 (.83–2.5)

≤30 y 452 0.486 0.236 0.226 0.033 0.019 1.2 (.70–2.3)

>30 y 38 0.420 0.242 0.290 0.016 0.032 2.6 (.55–12)

Abbreviations: ASC-H, atypical squamous cells, rule out HSIL; ASC-US, atypical squamous cells of undetermined significance; CI, confidence interval; HSIL, high-
grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; NILM, negative for intraepithelial lesion or malignancy.
a The age-specific risk for infection with 1 carcinogenic HPV genotype were the reference values used to calculate the age-specific risk ratios (ORs) for infections
with >1 carcinogenic HPV genotype. P < .0001, by χ2 analysis, for the risk of HSIL in women infected with 1 vs those infected with ≥2 genotypes; P > .05, by χ2

analysis, for the risk of HSIL in women infected with 2 vs those infected with >2 genotypes.
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infected with ≥4 types. Similar to the overall analysis, there was a
significant increase in risk among women infected with ≥2
types, compared with those infected with 1 type (P = .0007), but
we observed no further increase in risk for additional genotypes.

DISCUSSION

Concomitant infection with multiple carcinogenic HPV types
is very common, especially among younger women [7]. The
effects of concurrent infection with multiple HPV types on
cytologic changes and the risk of precancer and cancer are not
well understood. It is widely assumed that each HPV genotype
acts independently and, thus, should independently contribute
to risk of cytologic changes and precancer. To support this
notion, it has been demonstrated that individual histologic
cervical lesions are usually caused by a single genotype, even if
multiple types are present in the cytology specimen [13, 14].
Under this assumption, we would expect to see that concomi-
tant infection with multiple types yields additive effects on the
risk of abnormal cytology findings and cervical precancer.
However, some previous studies have suggested that infection
with multiple HPV types yields synergistic effects [11], whereas
others have not [10].

In the largest population-based study of disease outcomes in
women with HPV genotyping information reported to date, we

evaluated the risk of cytologic abnormalities associated with
individual genotypes and the role of infection with multiple
carcinogenic HPV types.

We demonstrated that most HPV infections do not present
in routine practice with even equivocal cytologic abnormalities,
confirming previous reports [15, 16]. For all types and type
combinations, ASC-US was the most common cytologic abnor-
mality, followed by LSIL, ASC-H, and HSIL. However, the
proportion of cytologic abnormalities strongly varied by HPV
type, both overall and when analyses were restricted to infection
with single carcinogenic types. HPV-16 was most strongly asso-
ciated with HSIL, whereas HPV-56 was most strongly associat-
ed with LSIL. Our findings confirm that HPV-16 is the most
dominant etiological type, showing the highest risk association
with HSIL, compared with all other genotypes in single infec-
tions, and showing an increasing risk for HSIL in all type
combinations, compared with other coinfections. These find-
ings support recent data from tissue-based genotyping,
showing that when HPV-16 is present with another carcino-
genic type in cytology samples, HPV-16 is usually the causal
type in cervical lesions [14].

In our study, women infected with multiple carcinogenic
HPV types had a much higher risk of having any cytologic
abnormality. Infection with increasing numbers of HPV geno-
types had the strongest effect on the LSIL category, with up to a
3-fold increased risk (LSIL proportion, 0.075 among women

Table 5. Number of Carcinogenic Human Papillomavirus (HPV) Types and Risk of Cytologic Abnormalities, Excluding Women Infected
With HPV-16

No. of Types, Age Specimens, No.

Specimens, Proportion HSIL

NILM ASC-US LSIL ASC-H Specimens, Proportion ORa (95% CI)

1
All 8740 0.799 0.106 0.077 0.010 0.009 1.0

≤30 y 6501 0.758 0.123 0.100 0.009 0.009 1.0

>30 y 2239 0.849 0.084 0.047 0.011 0.009 1.0
2

All 2491 0.657 0.172 0.139 0.018 0.014 1.5 (1.1–2.0)

≤30 y 2049 0.640 0.183 0.145 0.017 0.015 1.6 (1.2–2.3)
>30 y 442 0.707 0.142 0.121 0.020 0.010 1.2 (.63–2.1)

3

All 679 0.553 0.212 0.199 0.020 0.016 1.7 (1.0–2.9)
≤30 y 587 0.525 0.230 0.211 0.015 0.019 2.0 (1.2–3.4)

>30 y 92 0.662 0.144 0.152 0.038 0.004 0.5 (.06–3.5)

≥4
All 183 0.525 0.196 0.226 0.038 0.015 1.6 (.60–4.5)

≤30 y 170 0.550 0.187 0.211 0.040 0.012 1.3 (.40–4.0)

>30 y 13 0.000 0.385 0.538 0.000 0.077 9.4 (1.2–73)

Abbreviations: ASC-H, atypical squamous cells, rule out HSIL; ASC-US, atypical squamous cells of undetermined significance; CI, confidence interval; HSIL, high-
grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; NILM, negative for intraepithelial lesion or malignancy.
a The age-specific risk for infection with 1 carcinogenic HPV genotype were the reference values used to calculate the age-specific risk ratios (ORs) for infections
with >1 carcinogenic HPV genotype. P = .0007, by χ2 analysis, for the risk of HSIL in women infected with 1 vs those infected with ≥2 genotypes; P > .05, by χ2

analysis, for the risk of HSIL in women infected with 2 vs those infected with >2 genotypes.
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infected with 1 type and 0.231 among women infected with ≥4
types). Women infected with multiple concomitant carcino-
genic types also had a higher risk of HSIL, but the risk did not
further increase beyond concomitant infection with 2 types
(HSIL proportion, 0.014 among women infected with 1 genotype
and around 0.021 among women infected with 2, 3, or ≥4
types). Notably, for women infected with HPV-16, we observed
that the risk of HSIL was unchanged when HPV-16 was present
in a coinfection. Under the assumption of type independence,
we would have expected a higher risk of HSIL in women infected
with multiple types. However, we observed a strong increase in
LSIL results among women infected with HPV-16 plus other
carcinogenic types. It is conceivable that a cytology finding with
a strong LSIL pattern can mask the presence of few abnormal
cells that would be recognized more easily without the back-
ground of viral changes caused by multiple infections.

Overall, we did not see evidence of a more-than-additive
effect of the presence of multiple carcinogenic genotypes on
high-grade cytology results. In fact, our estimates for the risk of
HSIL related to infection with >2 carcinogenic types did not in-
crease beyond the risk observed for infection with 2 carcino-
genic genotypes. As outlined above for HPV-16, the strong
increase in LSIL findings among women infected with multiple
carcinogenic types could mask and attenuate the increase in the
risk of HSIL. Also, we cannot exclude residual confounding by
age, since younger age is associated with a higher prevalence of
infection with multiple types and a lower prevalence of cervical
precancer. Our findings support results of a previous study
from the Costa Rica Vaccine Trial that did not find evidence
for synergism between types in participants infected with mul-
tiple types [10]. Another study from Canada reported increas-
ing risks of HSIL in categories of 1 infecting type, 2–3 infecting
types, and 4–6 infecting types, with point estimates of risk
higher than what would be expected for an additive effect
yielded by infection with multiple carcinogenic genotypes [11].
However, the number of end points in that study was low, and
the risk estimates had wide and overlapping CIs. Furthermore,
the analysis used women without HPV infection as a reference
category, possibly leading to unstable estimates for outcomes
(ie, LSIL and HSIL) that are very strongly associated with the
presence of HPV.

Our analysis has several strengths. We report the largest
sample of cervical cytology specimens with HPV genotyping
data and cytology results, which was drawn form a large, well-
characterized, registry-based population of women with cervi-
cal cytology test results in the state of New Mexico [12]. HPV
genotyping was performed using the well-characterized HPV
LA in a single, highly experienced HPV laboratory. We also
note some limitations of our study. Our study is purely cross-
sectional and does not account for prospective risk of disease at
this point. Our end points were only based on cytology results.
When HSIL is used as a disease end point, the prevalence of

cervical precancer is underestimated, because many CIN3 cases
are found in women with ASC-US and LSIL [17].

In summary, we demonstrate that infection with multiple
carcinogenic types is associated with a higher risk of any cyto-
logic abnormality and with a risk of HSIL but that the risk is
lower than what would be expected assuming an additive risk
of HSIL for women infected with multiple genotypes. Thus, in
the largest study to date with HPV genotyping data and disease
end points, we support that there is no evidence for synergy
between HPV genotypes during concomitant infection with
multiple HPV types.
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