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Human Papillomavirus Type 16 Viral Load Is Higher in Human
Immunodeficiency Virus-Seropositive Women with High-Grade
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Human papillomavirus type 16 (HPV-16) viral load in cervicovaginal lavage samples collected from 66
human immunodeficiency virus-seropositive women was inversely correlated with blood CD4 count (P �
0.002). HPV-16 viral load was 81-fold higher in women with cervical smears suggestive of high-grade lesions
(median, 4,425,883 copies/�g of DNA) than in women with normal smears (median, 54,576), controlling for age
(P � 0.006).

Oncogenic human papillomaviruses (HPV) cause squamous
intraepithelial lesions (SIL) and cancer of the uterine cervix in
human immunodeficiency virus (HIV)-seronegative and -sero-
positive women (2). HIV-seropositive women are at increased
risk compared to HIV-seronegative women for cervical HPV
infection and SIL (9). Although HPV infects the genital tract
of most HIV-seropositive women, only a minority of HPV-
infected women develop persistent HPV infection that may
progress into SIL and cancer (2). Biomarkers of HPV infection
that could identify HPV-infected women at high risk for per-
sistent infection and SIL would improve screening algorithms
for management of HPV-induced cervical lesions.

Several studies suggested that an increased HPV DNA viral
load could be a candidate marker for the presence of cervical
SIL in HIV-seropositive women (12, 17, 18). Similar studies
with HIV-seronegative women on the predictive value of HPV
viral load for high-grade-SIL (HSIL) detection yielded con-
flicting results (4, 8, 10, 13, 14, 19). Some of the assays used in
the latter studies were not HPV type specific or were semi-
quantitative, while assays using PCR did not take into account
the presence of amplification inhibitors or did not estimate the
quantity of cellular DNA tested. The latter two factors have
been shown to influence HPV viral load determinations (7, 14).

A recent study validated a real-time PCR assay that mea-
sures the quantity of human cells and HPV DNA contained in
biological fluids and uses internal controls to screen for the

presence of PCR inhibitors (7). That study also reported that
samples could selectively inhibit HPV-16 amplification (7). We
present here cross-sectional results of cervical HPV-16 viral
loads measured in a cohort of Canadian HIV-seropositive
women. HPV-16 viral loads measured in cervicovaginal lavage
(CVL) samples correlated with blood CD4� counts and were
associated with cervical SIL.

Women infected with HPV-16 were selected from partici-
pants recruited in The Canadian Women’s HIV Study, a cross-
sectional and cohort study on the relationships between HPV
and HIV infection and development of cervical SIL (3). Par-
ticipants in the study were recruited from 1993 to 2000 across
Canada from clinics involved in the care of HIV-infected pa-
tients and gave written informed consent (3). Ethics com-
mittees of each participating institution approved the study
protocol. The demographic characteristics of the HIV-sero-
positive women have been described elsewhere (3). CVL sam-
ples from 732 HIV-seropositive women were screened at in-
clusion and at 6-month intervals for HPV infection using the
MY09-MY11-HMB01 consensus L1 PCR as previously de-
scribed (1), concurrently with a cervical Pap smear obtained
with a Cytobrush and Ayre spatula, and blood CD4� count.
Cytology smears were interpreted in one central pathology
laboratory and confirmed by one pathologist dedicated to this
study. A standardized questionnaire was completed at each
visit for all patients (3).

CVL samples were lysed with 0.8% (vol/vol) Tween 20 and
digested with 250 �g of proteinase K/ml as previously de-
scribed (1). Only cross-sectional results were considered for
the present report. Sixty-six women were shown to be infected
with HPV-16 and were selected for the evaluation of the
HPV-16 viral load. The first HPV-16-positive CVL lysates
from the 66 women were further screened for the presence of
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inhibitors by real-time PCR. One thousand copies of HPV-16
internal control and 1,000 copies of �-globin internal control
were mixed in separate capillaries with 2 �l of CVL lysate and
tested in a Light Cycler PCR and detection system (Roche
Molecular Systems), as previously described (6, 7). The pres-
ence of PCR inhibitors was suspected when the 1,000-copy
internal control generated a signal corresponding to less than
700 copies for one or both internal controls, as explained in
detail in previous work (7). Six samples containing inhibitors
(both internal controls were inhibited by one sample, and the
HPV-16 internal control only was inhibited by five samples)
were retested with both internal controls after a 1/10 dilution
of lysate (n � 4) or after DNA purification (n � 2) with Master
Pure. Two microliters of processed samples without inhibition
was then tested in duplicate with a 50 nM concentration of
probe U6862 and a 0.3 �M concentration of each HPV-16
primer (U6564 [5�-CCTTATTGGTTACAACGAGCAC] and
L7012 [5�-GCGTCCTAAAGGAAACTGATCTA]) for HPV-
16 quantitation and in duplicate with probe U62049 and prim-
ers U61992 and L62240 for �-globin quantitation (7). Cycle
threshold values were compared to that of external standards
from a titration curve of HPV-16 DNA that were obtained by
serial 10-fold dilutions of an HPV-16 plasmid that had been
kindly provided by H. zur Hausen, in a fixed amount of 150 ng
of human fibroblast DNA in 10 mM Tris-HCl (pH 8.2). Titra-
tion curves of human DNA were obtained by serial dilutions of
a stock of human placental DNA D4642 (Sigma, St. Louis,
Mo.) in 10 mM Tris-HCl (pH 8.2).

Categorical variables were compared with the Fisher exact
test. Age, CD4 counts, and HPV-16 loads were compared with
a Mann-Whitney U test. Correlation was measured with the
Spearman rank correlation coefficient. The effect of age on the
association between HPV-16 viral load and cervical SIL was

controlled for by multivariate analysis using stepwise logistic
regression. Markers of sexual activity are considered remote
variables upstream of HPV in the causal pathway under study
and were therefore not considered in final models.

We first investigated in a cross-sectional fashion the associ-
ation between HPV-16 viral load and blood CD4� counts
measured at the same visit for 63 of 66 women. The median
CD4 cell counts reached 262 cells/mm3 (range of 6 to 960 cells/
mm3). The median HPV-16 viral load was 208,291 HPV-16
DNA copies per �g of cellular DNA (range of 0 to 862,586,250
copies). As shown in Fig. 1, HPV-16 viral load increased with
decreases in CD4 count. Forty-six (69.7%) women were in-
fected with at least one HPV type other than 16. The number
of types other than 16 per sample (median, 2; range, 0 to 7) did
not correlate with CD4 cell counts (r � �0.13; P � 0.16).

Fifty-six of the 66 HIV-seropositive women had cervical
smears that could be interpreted and that had been obtained
concurrently with CVL samples (Table 1). HPV-16 viral load
correlated with SIL grade (r � 0.34; P � 0.01). HPV-16 viral
load measured in CVL samples was 81-fold greater in women
with cervical smears suggestive of HSIL than in women with
normal smears (Table 1). HPV types other than 16 were de-
tected in 25 (61%) of 41 women with normal smears and 5
(63%) of 8 women with smears suggestive of HSIL (P � 1.0).
CD4 counts (P � 0.11) and age (P � 0.18) were not associated
with HSIL. However, age was associated with low-grade SIL
(LSIL) (P � 0.02) and correlated with HPV-16 viral load (r �
�0.279; P � 0.002). Controlling for age in multivariate analy-
sis, HPV-16 viral load remained significantly associated with
HSIL (P � 0.008). There was no significant difference between
women with smears suggestive of LSIL and women with nor-
mal smears, but there was a tendency for women with HSIL to
have a greater HPV-16 viral load than women with LSIL (P �

FIG. 1. Correlation between HPV-16 viral load measured in CVL samples obtained from 63 HIV-seropositive women and blood CD4 cell
counts. The Shapiro-Wilks W test indicated that the CD4 cell counts and the HPV-16 viral loads were not normally distributed (P � 0.002). The
Spearman rank correlation coefficient was �0.39 (P � 0.002).
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0.07). We could not correlate HPV-16 viral load with plasma
HIV viral load, since most participants had been recruited
before the advent of HIV viral load testing.

This is the first report on the role of HPV-16 viral load in
cervical HPV infection and SIL in HIV-infected women com-
bining real-time PCR and screening for PCR inhibition. The
assay we used was demonstrated to be specific for HPV-16 and
does not cross-react with other HPV types (6, 7, 14). Several
studies reported a higher quantity of HPV DNA in HIV-
seropositive than HIV-seronegative women but did not evalu-
ate the impact of HIV-induced immunosuppression on HPV
viral load (5, 11, 12, 16, 18). One of these studies demonstrated
that the amount of HPV DNA increased in HIV-negative and
HIV-seropositive women with the presence and grade of cer-
vical lesions (18). HIV-seropositive women who were colpo-
scopically normal had a sevenfold-greater amount of HPV
DNA than HIV-seronegative women (18). This conclusion was
confirmed by a third group measuring HPV DNA in self-
obtained vaginal swabs (11) but was not reached by a fourth
group (16). HPV viral load also varied with age (11). One of
these studies, which used Hybrid Capture and a semiquantita-
tive PCR assay in a cross-sectional study of 150 HIV-seropos-
itive women (12), illustrates the difficulty in estimating the
HPV viral DNA copy number in clinical samples. A high signal
obtained with PCR but not with Hybrid Capture was associ-
ated with a higher risk of lesion (12). A recent study using
real-time PCR assays against several HPV types reported that
higher HPV viral loads were measured in women with CD4�

counts below 200 cells/�l (17). A significant correlation be-
tween the level of immunodeficiency and HPV-16 viral load
was demonstrated in our cohort, with women with lower
CD4�-cell counts having higher HPV-16 viral loads.

To date, results on the value of HPV DNA viral load in
identifying women with cervical SIL remain controversial, and
the role of viral load in disease progression is still debated (4,
5, 8, 10, 12, 14, 15, 18, 19). While cervical carcinoma in situ has
been found in women with consistently high HPV-16 viral
loads, HSIL is not always predicted by high viral loads (8, 14,
19). To be truly quantitative, a real-time PCR assay has to
measure the cell content of samples and screen for the pres-
ence of inhibitors. By combining real-time PCR and the use of
internal controls to screen for PCR inhibitors, we demon-
strated here that high HPV-16 viral loads were associated with
HSIL. Since women included in this study had been screened
initially as positive for HPV-16, the differences in HPV-16 viral
load between women with normal smears and women with
LSIL or HSIL have probably been underestimated. The small
number of participants in this study did not allow us to estab-
lish an association of HSIL with blood CD4 counts. Further
follow-up of HPV-16-infected women in our cohort to deter-
mine whether HPV-16 viral load testing could identify women

with persistent infection at highest risk for SIL is warranted.
However, the important overlap of HPV-16 viral load values
between women with normal smears and those with SIL could
be a limitation for the usefulness in clinical practice of viral
load measurements at one visit.
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