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1. Introduction

Of the 40 genital tract associated human papillomaviruses,
approximately 15 have been classified as being ‘high risk’ for cervi-
cal oncogenesis [1,2]. In particular, HPV16 and HPV18 are associated
with over 70% of all cervical cancer cases worldwide [1,3–5]. Due
to the high prevalence of HPV16 and HPV18 in cervical cancer, HPV
vaccine research has led to the development of prophylactic vac-
cines against HPV16 and HPV18. HPV L1 virus-like particle (VLP)
vaccines have demonstrated excellent safety, immunogenicity and
protection against infection by homologous HPV types [6–13].
Based on several pre-clinical models, neutralizing antibodies are
expected to be the primary immune mechanism for protection
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neutralizing antibodies induced by vaccination have not been established
ic and cervical antibody levels induced by HPV16/18 AS04-adjuvanted

gicals) using a secreted alkaline phosphatase neutralization assay (SEAP-
osorbent assay (ELISA). Serum and cervical secretions from 50 vaccinated
overall assay reproducibility; (2) inter-assay and inter-specimen correla-

month 1 and month 12 titers. Strong correlations between SEAP-NA and
ti-HPV16/18, � = 0.91/0.85; cervix anti-HPV16/18, � = 0.84/0.89). Systemic
s also correlated well (� range: 0.64–0.75); except at mid-cycle (� range:
en antibody levels at 1 and 12 months following the start of vaccination
In conclusion, HPV16/18 VLP-based ELISA is a reliable and valid method to
izing potential for the first year following vaccination; however, additional
r define the effects of the time on cycle and patterns of antibody response
.

© 2008 Elsevier Ltd. All rights reserved.
against persistent HPV16/18 infection in women vaccinated with
HPV L1 VLP-based vaccine [14,15]. However, ideal methods to mea-
sure neutralizing antibodies, either systemic or local, have not been
established yet.

Several assays have been developed to monitor antibody
responses to HPVs, including competitive radioimmunoassay
(cRIA) [16], competitive luminex immunoassay (cLIA) [17], secreted
alkaline phosphatase neutralization assay (SEAP-NA) [18] and
enzyme-linked immunosorbent assay (ELISA) [19]. With a few
exceptions [18,20], these assays have not been directly compared.
L1 VLP-based ELISA has been extensively used in studies of HPV epi-
demiology and vaccinology [6,19,21–24]. Generally, ELISAs are a fast
and highly reproducible method for quantifying humoral responses
against specific viral antigens, but the quantitation is independent
of neutralizing activity. Previous studies examined the correlation
between anti-HPV16 ELISA titers and neutralizing potential using
the traditional focal transformation assay and found a good cor-
relation (� = 0.85) between the two assays in a small group of
vaccine recipients (n = 9), suggesting that the ELISA titers might be a
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surrogate for measuring neutralization titers [6]. The SEAP-NA was
developed as a scalable and sensitive method of monitoring neu-
tralization titers following vaccine and natural infection with HPV
[18]. In contrast to the L1 VLP-based ELISA, which measures lev-
els of HPV type-specific immunoglobulins (Ig), IgG or IgA, the
SEAP-NA detects total neutralization activity, which may prove to
be a more relevant measure of responses in prophylactic vaccine
studies.

Immunogenicity evaluation in HPV vaccine trials have relied
largely on serological samples, yet the samples most likely
to be relevant to protective immunological activity are cer-
vical samples, where infection occurs. A study performed by
Nardelli-Haefliger et al. examined levels of anti-HPV16 anti-
body at the cervix following vaccination and found that
cervical HPV16 type-specific antibodies range from 0.5 to 50%
of systemic levels [25]. It is currently unclear whether sys-
temic measures of post-vaccination immunity can serve as a
good surrogate for local levels of immune protection at the
cervix.

Serum and cervical secretions collected from a subgroup of
women, who are part of a large community-based trial of an
HPV16/18 AS04-adjuvanted vaccine (GlaxoSmithKline Biologicals
(GSK Bio) vaccine candidate) in young women in Costa Rica were
used to evaluate the reproducibility of the ELISA and SEAP-NA.
We also evaluated the correlations between these two assays
and between specimen types (serum and cervical secretions).
Finally, we determined whether anti-HPV16 and anti-HPV18 anti-
body titers induced by vaccination were predictive of each other,
and whether responses observed following a single vaccine dose
was predictive of levels observed following the full three-dose
series.

2. Materials and methods

2.1. Participants

7466 women participated in the double blind, controlled, ran-
domized, phase III study of the efficacy of an HPV16/18 VLP vaccine
in Costa Rica. Details of recruitment and study design have been
published [26]. Briefly, participants were randomized to receive
either an HPV16/18 AS04-adjuvanted vaccine (GSK Bio, Rixen-
sart, Belgium) or a control hepatitis A vaccine (GSK Bio) at 0-
(enrollment), 1- and 6-month schedule. In addition, a follow-up

visit occurred 12 months following enrollment. Pelvic evaluation
was performed for all sexually experienced women at enrollment
and12-month visit, at which time cervical secretions were col-
lected. Blood was also collected from participants at each visit. All
participants provided informed consent, and the trial was approved
by human subjects review committees at the National Cancer Insti-
tute (NCI) and Costa Rica.

For the present study, a subgroup of women (n = 50), who were
scheduled to receive three doses of the HPV16/18 AS04-adjuvanted
vaccine, were randomly selected based on the following criteria:
≥12 months of follow-up since enrollment, successful collection
of serum at months 0, 1 and 12, and successful collection of cer-
vical secretions at months 0 and 12. Although specimens were
collected on all 50 women, four women did not receive the sched-
uled three doses of the vaccine (1 dose, n = 1; 2 doses, n = 3). Data
about oral contraceptive (OC) use and time since participant’s last
menstrual period (LMP) were collected. All testing was performed
blinded and data was sent to the trial Data Management Center
(Information Management Services, IMS; Silver Spring, MD) for
statistical analysis, under the direction of the study statistician
(RF).
(2008) 3608–3616 3609

2.2. Serum

Testing was performed on serum collected at months 1 and 12
from the 50 women selected for this analysis (Table 1). In addition,
pre-vaccination specimens from 5 of these 50 women were also
tested (month 0). Serum from each woman at each visit (month
0 (n = 5), month 1 (n = 50) and month 12 (n = 50)) was aliquoted
and distributed to both laboratories (NCI and GSK Bio). Serum sam-
ples were randomly batched in order to allow for testing of each
woman’s visit by two different technicians on 2 different days. For
the NCI SEAP-NA assay, the laboratory measured each sample in
triplicate; for the GSK Bio ELISA, samples were tested in mono-
plicate because intra-assay variability was previously estimated
during assay validation. Results from previously performed vali-
dation studies at GSK Bio to assess intra-assay variability of the
GSK Bio ELISA among a panel of 16 sera tested by two technicians
on 4 different days indicated that the intra-assay (within plate)
coefficients of variation (CV) were 5.9 and 11.9% for HPV16 and
HPV18 ELISA, respectively; whereas the inter-assay (different days,
different technicians) CV were 13.9 and 16.5% for anti-HPV16 and
anti-HPV18 ELISA, respectively.

2.3. Cervical secretions

Polyvinyl acetate-based MerocelTM (Medtronic Ophthalmics,
Jacksonville, FL) ophthalmic sponges were used in the collection of
cervical material. At pelvic exam, the clinician rested the sponge
within the os of the cervix for 30 s; the sponge was removed
and placed into a 10 ml tube for storage in liquid nitrogen. After
shipment to the USA, the samples were stored at −70 ◦C. Sponge
weights were recorded, then extracted in a buffer containing PBS
(Invitrogen, Grand Island, NY), 256 mM NaCl (Sigma–Aldrich, St.
Louis, MO) and 100 �g/ml Aprotinin (Sigma–Aldrich, St. Louis, MO).
300 �l of cervical extraction buffer was slowly added to the top
of the sponge. Following 30 min incubation at 4 ◦C, the sponges
were centrifuged at 13,000 × g for 15 min at 4 ◦C. An additional
300 �l of extraction buffer was added to each MerocelTM sponge
and immediately centrifuged at 13,000 × g for 15 min at 4 ◦C. Then,
5 �l of extract was tested for hemoglobin using HemastixTM (Bayer
Corporation, Elkhart, IN) prior to the addition of 4 �l of FBS. The
extracts were aliquoted and frozen at −70 ◦C until further test-
ing.

Testing was performed on cervical secretions collected at month
12 (n = 50) as well as a subset of five women at month 0 (Table 1).

Cervical secretions were tested in a similar manner as described
above for the serum testing and as outlined in Table 1. A dilu-
tion factor was used for normalization as described previously
[27]. Eight samples were excluded from final analyses due to a
lower weight than that of control sponges. In order to account
for the variation of the IgG levels in the cervical secretions dur-
ing the menstrual cycle, total IgG was measured by ELISA (Cygnus
Technologies Inc., Southport, NC) in the cervical secretions and
serum. Results reported herein were not normalized to total IgG
because such normalization was found not to alter findings (data
not shown).

2.4. Anti-HPV16 and anti-HPV18 ELISA

Quantitation of anti-HPV16/18 VLP IgG antibodies in serum
or in cervical secretion extracts was performed by GSK Bio as
described previously with slight modifications [10]. Briefly, HPV16
and HPV18 L1 VLPs were measured separately by adsorbing either
HPV16 (270 ng/100 �l) or HPV18 (270 ng/100 �l) L1 VLPs as coating
antigens at 4 ◦C onto 96-well microtiter plates (Maxisorp, Nunc).
Next, the plates were blocked with PBS containing 4% non-fat dry
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Table 1
Summary of testing format by laboratory, assay and specimen type

Lab Assay HPV type Specimen type Specimen collec
(months)

NCI SEAP-NA HPV16 Serum 0/1/12
SEAP-NA HPV18 Serum 0/1/12
SEAP-NA HPV16 Cervical secretions 0/12
SEAP-NA HPV18 Cervical secretions 0/12

GSK Bio SEAP-NA HPV16 Cervical secretions 0/12
SEAP-NA HPV18 Cervical secretions 0/12
ELISA HPV16 Serum 0/1/12
ELISA HPV18 Serum 0/1/12
ELISA HPV16 Cervical secretions 0/12
ELISA HPV18 Cervical secretions 0/12

a Eight cervical secretion samples at month 12 were excluded from final analyses

milk and 0.05% Tween 20. Serum samples were serially diluted in
the blocking solution starting at 1/100 in 2-fold increments up to
12,800 and cervical secretion samples were serially diluted start-
ing 1/10 followed by seven 2-fold dilutions in the blocking solution.
Following a washing step, serial dilutions of samples, standard,
and controls were added to the microtiter plates. After washing
the plates, horseradish peroxidase-conjugated goat anti-human IgG
(Kirkegaard and Perry Laboratories, Gaithersburg, MD, USA) was
added. Following another wash step, TMB (tetramethylbenzidine)
was added to each of the wells. 0.36 N H2SO4 was used to stop the
reaction and read at 450/620 nm. ELISA titers were calculated from
a reference curve, derived from a reference pool of serum samples
from human vaccinees, using a four parameter equation from Soft-
Max Pro (Molecular Devices, Sunnyvale, CA, USA) and expressed as
EU/ml.

2.5. HPV16 and HPV18 SEAP-NA

2.5.1. Cell culture
293TT cells were expanded and cultured as previously described

[18].

2.5.2. SEAP-NA
The SEAP-NA was performed by NCI and GSK Bio as previ-

ously described with a few modifications [18]. Briefly, 293TT cells
were seeded in 96-well flat bottom plates at a cell density of

3 × 104 cells/well and incubated at 37 ◦C and 5% CO2 for ≥2 h prior
to the addition of controls and diluted samples. 25 �l of seri-
ally diluted serum or cervical secretion (diluted 1/10 in fourfold
increments up to 1/163,840 and tested in triplicate) was incu-
bated with 100 �l of HPV16/18 pseudovirion at 4 ◦C for 1 h. Next,
the samples were transferred to the 293TT cells and incubated at
37 ◦C for 72 h. Following incubation, supernatants were clarified
by centrifugation, then transferred to 96-well plates and frozen
at −70 ◦C until further testing. The Great EscAPe SEAP assay kit
was used according to the manufacturer’s protocol (BD Biosciences-
Clontech Laboratories Inc., Mountain View, CA). Serum and cervical
secretion neutralization titers were calculated by linear interpo-
lation and defined as the reciprocal of the dilution that caused
50% reduction in SEAP activity compared to control wells. SEAP-NA
was tested at a second lab (GSK Bio: in singlet by one technician
on 1 day, Table 1) to assess inter-laboratory results using cer-
vical secretions. The inter-laboratory correlations for anti-HPV16
and anti-HPV18 antibody titers were � = 0.95 and 0.96, respec-
tively. Due to the significant correlations between laboratories,
SEAP-NA results from NCI laboratory were used for all analy-
ses.
(2008) 3608–3616

Total number of specimens
(per time point)

Study design (number of
technicians × number of days)

Number of
replicates

105 (5/50/50) 2 × 2 Triplicate
105 (5/50/50) 2 × 2 Triplicate

55 (5/50a) 2 × 2 Triplicate
55 (5/50a) 2 × 2 Triplicate

55 (5/50) 1 × 1 Singlet
55 (5/50) 1 × 1 Singlet

105 (5/50/50) 2 × 2 Singlet
105 (5/50/50) 2 × 2 Singlet

55 (5/50a) 2 × 2 Singlet
55 (5/50a) 2 × 2 Singlet

o sponge weights lower than control sponges.

2.6. Statistical analysis

Results were analyzed on the logarithmic scale using a nested
analysis of variance model. The components of the models were
modified to reflect the difference in study design between the lab-
oratories (i.e. triplicate (SEAP) vs. singlet (ELISA) measurements of
each sample).

For the NCI SEAP-NA the model was as follows:

log(Yijkl) = � + a(i) + bj(i) + ck(i) + εl(ij),

where Yijkl denotes the antibody measurement for woman i on
analysis day j(i) (j = 1,2), by technician k(i) (k = 1,2) and replicate
l(ijk) (l = 1,2,3); each are independent variables with variances: �2a
(woman); �2b (day); �2c (technician); �2(error).

For the GSK Bio ELISA, with assays run in singlet, the following
model was used:

log(Yijk) = � + a(i) + bj(i) + ε(ij),

where a(i) corresponds to woman, bj(i) to day and ε(ij) to techni-
cian with variances �2a (woman), �2b (day) and �2e (technician).
Restricted maximum likelihood estimates of the variance compo-
nents were obtained using the SAS procedure PROC VARCOMP [28]
and were used to derive the CV and the intraclass correlation coeffi-
cient (ICC) coefficient. The CV is the population standard deviation
of a measurement divided by its mean. An application of the delta
method demonstrates that the sum of the variance components

associated with day, technician and replicate is a good estimate of
the square of the overall CV [29,30]. The ICC was estimated by com-
paring the variance component associated with women to the sum
of all components (ICC = (�2a/(�2a + �2b + �2c + �2))).

For comparisons across assays, specimen types, HPV type-
specific antibody measures, or time, the mean of the woman’s
assay values was used to compute Spearman’s correlation coeffi-
cients.

3. Results

3.1. ELISA and SEAP-NA variability

Assay performance was initially assessed by analyzing the com-
ponents of variability for each assay. For the HPV16/18 VLP-based
ELISA, the overall CVs were 11/12% for serum and 22/18% for cervical
secretions (Table 2) while the ICCs were >97% for both specimens.
For the SEAP-NA, the overall CVs for anti-HPV16/18 titers were
40/34% for serum and 31/29% for cervical secretions, and the ICCs
were >92% for both specimens (Table 2). The magnitude of the over-
all CV results for the SEAP-NA is largely due to variability of replicate
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Table 2
CVs and ICC by laboratory and HPV type

Lab Specimen type HPV type Assay CV (%) ICC (%)

NCI Serum HPV16 SEAP-NA 39.7 96.5

Serum HPV18 SEAP-NA 33.9 97.0
Cervical secretions HPV16 SEAP-NA 30.8 93.3
Cervical secretions HPV18 SEAP-NA 29.5 92.9

GSK Bio Serum HPV16 ELISA 11.4 99.4
Serum HPV18 ELISA 12.5 99.2
Cervical secretions HPV16 ELISA 22.2 97.6
Cervical secretions HPV18 ELISA 18.2 98.6

samples tested in the same day (data not shown) and secondar-
ily to operator variability. The ICCs were greater than 92% using
either assay with both specimens, so the amount of variability seen
between women was far greater than that observed by either assay.
In addition, we observed comparable ICCs in analyses stratified by
time (months 1 and 12; data not shown).

3.2. Correlations between ELISA and SEAP-NA with serum and
cervical secretions

Analyses were performed to assess correlations between assays,
and to evaluate whether ELISA measurements of anti-HPV16 and
anti-HPV18 IgG type-specific antibodies reflect the neutralizing

Fig. 1. SEAP-NA and ELISA anti-HPV16 and anti-HPV18 titers were correlated with each
HPV16 ELISA using serum samples. (B) HPV18 SEAP-NA correlated with HPV18 ELISA usin
secretions. (D) HPV18 SEAP-NA correlated with HPV18 ELISA using cervical secretions. Wi
‘N’, and the Spearman rank correlation coefficient and p-value is also indicated on each g
(2008) 3608–3616 3611

activity in sera and cervical secretions of vaccine recipients. The
Spearman correlation between anti-HPV16 ELISA antibody titers
and anti-HPV16 SEAP-NA in serum was 0.91 (p < .0001; Fig. 1A),
while the correlation in cervical secretions was 0.84 (p < .0001;

Fig. 1C). The correlations between both assays for anti-HPV18 titers
in serum and cervical secretions were 0.85 (p < .0001; Fig. 1B) and
0.89 (p < .0001; Fig. 1D), respectively.

3.3. Correlations between serum and cervical secretion measures

In order to assess whether serum measures are good sur-
rogates of antibody levels at the mucosa, we compared serum
anti-HPV16/18 antibody levels with the cervical secretion antibody
levels. As depicted in Fig. 2A and B, the correlation was � = 0.73
(p < .0001) for anti-HPV16 and � = 0.75 (p < .0001) for anti-HPV18
ELISA. For the SEAP-NA, correlations were � = 0.74 (p < .0001) and
� = 0.64 (p < .0001) for anti-HPV16 and anti-HPV18, respectively
(Fig. 2C and D).

Additional analyses were performed to examine the influence
of OC-use on the correlation between serum and cervical secre-
tion measures. Similar correlations were observed within OC-use
strata for ELISA anti-HPV16 and anti-HPV18 antibody measures
(OC vs. non-OC users; � = 0.74 vs. � = 0.70, anti-HPV16 and � = 0.74
vs. � = 0.69, anti-HPV18). There were comparable findings for the
SEAP-NA (data not shown).

other among serum and cervical secretions. (A) HPV16 SEAP-NA correlated with
g serum samples. (C) HPV16 SEAP-NA correlated with HPV16 ELISA using cervical
thin each graph the total number of samples used in the analysis is represented by

raph.
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To determine the influence of the menstrual cycle phase on
agreement between serum and cervical measures at the time of
specimen collection, correlations were stratified by days since last
menstrual period (follicular: 0–11 days (OC, n = 10; non-OC, n = 3),

peri-ovulatory/mid-cycle: 12–16 days (OC, n = 9; non-OC, n = 5) and
luteal:17+ days (OC, n = 8; non-OC, n = 7)). Correlations derived from
the ELISA between serum and cervical secretions were reduced
when specimens were collected mid-cycle (� = 0.28, anti-HPV16;
� = 0.65, anti-HPV18) relative to those observed when specimens
were collected in the follicular (� = 0.85, anti-HPV16; � = 0.88, anti-
HPV18) or luteal (� = 0.85, anti-HPV16; � = 0.84, anti-HPV18) phases
of the cycle. All correlations presented for the LMP strata were
derived from the ELISA; however, the SEAP-NA had similar correla-
tions for each stratum (data not shown). Although numbers were
limiting, findings from analyses stratified by OC usage and phase
of the cycle indicated that reductions in the correlation between
serum and cervical measures mid-cycle were evident among OC
users and non-OC users (data not shown).

We also examined whether blood levels detected in cervical
secretions affected the degree of agreement between serum and
cervical measures. Blood levels were measured by HemastixTM and
stratified into three groups: no/trace levels (n = 10), low (+)/mod-
erate (++) levels (n = 14) and high (+++) levels (n = 18). Although
numbers were limiting, we observed good correlations derived
from the ELISA between serum and cervical secretions for spec-

Fig. 2. Correlations calculated between serum anti-HPV16 and anti-HPV18 antibody res
Serum anti-HPV16 antibody titers correlated with cervical secretion anti-HPV16 antibody
correlated with cervical secretion anti-HPV18 antibody titers using the HPV18 L1 VLP-ba
anti-HPV16 antibody titers using the SEAP-NA. (D) Serum anti-HPV18 antibody titers corre
each graph the total number of samples used in the analysis is represented by ‘N’, and the
(2008) 3608–3616

imens with no/trace blood levels (� = 0.75, anti-HPV16; � = 0.81,
anti-HPV18) and those with high blood levels (� = 0.83, anti-HPV16;
� = 0.76, anti-HPV18). The correlations observed between serum
and cervical secretions for specimens with intermediate blood lev-

els were reduced (� = 0.26, anti-HPV16; � = 0.62, anti-HPV18). The
reduction may be explained by the fact that 5 of the 14 (36%)
specimens with intermediate blood levels were collected during
mid-cycle, whereas only 1 of the 10 (10%) and 2 of the 18 (11%)
specimens with no/trace and high blood levels, respectively, were
collected during mid-cycle. All correlations presented for the blood
levels were derived from the ELISA; however, the SEAP-NA had
similar correlations for each stratum (data not shown).

3.4. Correlations between anti-HPV16 and anti-HPV18 antibody
titers

In Fig. 3A–D, we examined the correlations between anti-HPV16
and anti-HPV18 antibody measures using both assays to determine
whether an individual’s response to one HPV antigen is predictive
of a response to another HPV antigen contained in the vaccine.
The correlations observed between anti-HPV16 and anti-HPV18
antibody levels was � = 0.75 for serum ELISA (p < 0.0001; Fig. 3A),
� = 0.72 for serum SEAP-NA (p < 0.0001; Fig. 3B), � = 0.81 for cer-
vical secretion ELISA (p < 0.0001; Fig. 3C) and � = 0.65 for cervical
secretion SEAP-NA (p < 0.0001; Fig. 3D).

ponses and cervical secretion anti-HPV16 and anti-HPV18 antibody responses. (A)
titers using the HPV16 L1 VLP-based ELISA. (B) Serum anti-HPV18 antibody titers

sed ELISA. (C) Serum anti-HPV16 antibody titers correlated with cervical secretion
lated with cervical secretion anti-HPV18 antibody titers using the SEAP-NA. Within
Spearman rank correlation coefficient and p-value is also indicated on each graph.
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Fig. 3. Anti-HPV16 and anti-HPV18 antibody responses were correlated with each ot
correlated with serum anti-HPV18 antibody titers using the titers calculated from t
antibody titers using the titers calculated from the SEAP-NA. (C) Cervical secretion
titers calculated from the ELISA results. (D) Cervical secretion anti-HPV16 antibody
the SEAP-NA results. Within each graph the total number of samples used in the an
also indicated on each graph.

3.5. Correlations between month 1 and month 12 serum antibody

titers

The serology results from month 1 and month 12 for both assays
are shown in Table 3. As expected, the anti-HPV16 and anti-HPV18
serologic geometric mean titers were higher at month 12 than
at month 1 for both the ELISA (3–4-fold increase) and SEAP-NA
(10-fold increase). A wide range of anti-HPV16 and anti-HPV18
titers were observed within each time point, as indicated by the
broad interquartile ranges (Table 3). There was a poor correlation
observed between titers measured at month 1 and those mea-
sured at month 12 (� ≤ 0.38; Table 3). After excluding women who
received less than three doses of the vaccine (n = 4) and women with
month 1 titers higher than month 12 for at least one assay (n = 14),
the correlations showed a moderate increase (� ranged from 0.47
to 0.58; p < 0.01; Table 3).

4. Discussion

Findings from pre-clinical and clinical HPV L1 VLP vaccine stud-
ies suggest that neutralizing antibodies constitute the primary
mechanism of protection against infection with HPV [6,10,14,15,31].
ithin the same assay and specimen type. (A) Serum anti-HPV16 antibody titers were
ISA. (B) Serum anti-HPV16 antibody titers were correlated with serum anti-HPV18
PV16 antibody titers were correlated with cervical secretion anti-HPV18 antibody

were correlated with cervical secretion anti-HPV18 antibody titers calculated from
is represented by ‘N’, and the Spearman rank correlation coefficient and p-value is

Several assays have been developed to measure antibody responses

to HPV vaccines [16–19], and in this report we have directly com-
pared two of these assays, the HPV16/18 L1 VLP-based ELISA and
SEAP-NA.

For both serum and cervical secretions, most of the variability
in antibody titers observed was attributable to differences between
women rather than variability associated with either of the assays
(ICC > 92%). A higher degree of reproducibility was noted for the
ELISA (CV range: 11–22%) than for the SEAP-NA (CV range: 30–40%).
This was not surprising given that the SEAP-NA is a biological
assay and requires greater specimen handling/manipulation than
the ELISA, increasing the potential for variable results. When com-
ponents of variability were examined for the SEAP-NA, we observed
that the major contributor to assay variability was observed within-
plate. This is likely due to inherent variability in the growth
and function of 293TT cells between assay wells, suggesting
that additional improvement in assay reproducibility might prove
difficult.

When the ELISA and SEAP-NA results were directly compared, a
high degree of correlation was observed between the two assays for
both anti-HPV16 and anti-HPV18 measures in serum and cervical
secretions (� ranging from 0.84 to 0.91). These results, combined
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Table 3
Distribution of results by assay, specimen type, HPV type and collection time

Specimen type HPV type Specimen collection
(months)

SEAP-NA

N GMT IQR

Serum HPV16 0 5 34.3 5.7–87.5
1 50 373.5 100.8–11

12 50 4694.0 2366.3–1
HPV18 0 5 10.6 5.0–27.3

1 50 182.6 52.3–397
12 50 1926.9 661.1–43

Cervical secretionsc HPV16 0 5 ND ND
12 42 326.6 147.2–67

HPV18 0 5 ND ND
12 42 149.8 62.7–246

GMT: geometric mean titer; IQR: interquartile range; ND: not determined. All mon
(SEAP-NA and ELISA).

a Spearman rank correlation coefficients are based on month 1 vs. month 12 for s
b Participants were excluded from the analyses due to receiving less than three d

greater than month 12 (n = 14) for a single assay.
c Cervical secretions are adjusted for sponge weight.

with the higher reproducibility and simplicity of the ELISA, sug-
gest that the ELISA is a good surrogate measure for neutralizing
potential, at least during the first year following vaccination.

Another objective of this study was to determine how serologic
antibody measurements reflect cervical antibody titers. While over-
all correlations were good (� ranging from 0.64 to 0.75), we did note
a menstrual cycle phase effect at the time of specimen collection
on agreement levels; correlations were high in the follicular and
luteal phases of the menstrual cycle (� ranging from 0.68 to 0.88)
but lower in mid-cycle (� ranging from 0.28 to 0.65). However, it is
important to note that these analyses were based on a small number
of observations as defined in the results section, and the menstrual
cycle phase was inferred, and not confirmed by hormone analysis.
This suggests the importance of future studies to better understand
the effects of the menstrual cycle phase on antibody measure-
ments in the periphery and cervix. We observed that OC use was
not an important modifier of the degree of correlation observed
between serum and cervical secretion measures, which appears to
contrast with previous data from Nardelli-Haefliger et al. [25]. This
contradiction may be due to variations in sample size and study
design, such as in the Nardelli-Haefliger et al. study participants
were sampled multiple times during a 2-month period following
immunization while our correlations are only based on month 12

samples for serum and cervical secretions. We also observed that
the level of hemoglobin (no/trace and high) present in the cervi-
cal secretion did not effect the correlations between serum and
cervical secretion measures as indicated by the significant correla-
tions.

We observed a good correlation between anti-HPV16 and anti-
HPV18 antibody levels among women (� = 0.75 and 0.81 for serum
and cervical secretion ELISA titers, respectively). This suggests that
women who respond strongly to one antigen of the bi-valent
HPV16/18 AS04-adjuvanted vaccine are likely to mount a strong
response to the second antigen as well.

Finally, we found antibody responses after one and all three
doses to be heterogeneous between women, and there was only a
modest correlation between serum antibody titers at different time
points (� ranging from 0.16 to 0.38). Assuming that vaccine efficacy
will wane over time, it will be interesting in the future to determine
whether immune response patterns seen after a single or all three
vaccine doses are the most predictive of long-term vaccine success
or failure.

In conclusion, our study demonstrates that the HPV16/18 L1
VLP-based ELISA is a reliable and valid method for monitoring
ELISA

Spearman; p-valuea N GMT IQR Spearman; p-valuea

5 9.6 4.0–11.7
0.25; p = 0.08 50 510.2 229.7–1240.0 0.16; p = 0.265

0 (0.54; p = 0.0009)b 50 2023.3 1068.7–3403.5 (0.47; p = 0.005)b

5 6.0 3.5–12.0
0.37; p = 0.009 50 335.7 156.2–865.5 0.38; p = 0.007
(0.54; p = 0.0009)b 50 1149.1 604.0–2072.2 (0.58; p = 0.0004)b

5 ND ND
42 130.0 66.1–354.2

5 ND ND
42 85.0 40.2–229.4

ervical secretion samples were below the minimal detectable level for both assays

samples only.
f the HPV L1 VLP 16 and 18 vaccine (n = 4) as well as having month 1 antibody titers

anti-HPV16/18 antibody titers within vaccinees in the first year
following vaccination. The reduced correlation observed between
blood and cervical measures during mid-cycle suggests the need
for additional studies to better understand the effect of the time
of cycle on local levels of HPV-specific antibodies after vaccina-
tion.
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Diego Guillén (Pathologist)
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