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Abstract
Antibody responses against infectious agents are an important component in the prevention of
disease. The avidity of antibodies for their antigens relates to their functional efficiency, and is a
fundamental aspect in the investigation of humoral responses. Modified ELISAs are used to
estimate avidity through the use of chaotropic agents and the measurement of the degree to which
they disrupt the interaction between antibody and antigen. The theory behind the assay is the
higher the avidity of an interaction the less susceptible it is to the effects of the chaotropic agent.
The goal of this study was to generate a modified ELISA where a complex, multimeric coating-
antigen, human papillomavirus (HPV) virus-like particles (VLP), was used to measure the avidity
of anti-HPV antibodies generated following vaccination with HPV VLPs. A series of chaotropic
agents were evaluated in the assay for their effectiveness in measuring avidity. Guanidine
hydrochloride (GuHCl) was selected as a chaotropic reagent with the ability to disrupt antibody
and antigen interactions, while not affecting the integrity of the plate-bound VLP. Two methods of
determining the avidity index were assessed and shown to be comparable. This assay was then
successfully applied to measure the avidity of anti-HPV VLP serum antibodies in samples from a
HPV L1 VLP vaccine clinical trial. Overall, the assay was highly reproducible and captured a
wide range of antibody avidities. Therefore, a GuHCl-modified ELISA is an acceptable method
that can be used to determine HPV-specific antibody avidity indices within a clinical trial setting.
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Introduction
The human immune system is able to recognize and respond to most foreign material that is
introduced within the body. Antibodies exert their functions through general and unique
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properties. An example of a general property is the isotype of the antibody and the functions
that go with it. A unique property of an antibody, such as its avidity, relates to the antibody’s
antigen-binding site and is different for each individual antibody clone. Avidity has been
investigated less routinely, especially in the context of HPV L1 VLP vaccination.

Avidity of antibody interactions has been measured mainly through the use of two methods.
Biospecific interaction analysis (i.e. Biacore) is the most accurate measurement, but is
expensive and not readily accessible. A modified ELISA has been traditionally used to
measure the overall avidity of a serum sample. The method, sometimes referred to as a “bind
and break” ELISA [1–5], uses chaotropic reagents to disrupt the interaction between
antibodies and their specific antigens. The rationale of using the chaotropic agent is to
disrupt the antigen binding of low avidity antibodies, effectively “eluting” them from the
well before quantifying the antibodies bound to the antigen. The remaining more avid
antibodies in the well are then measured and compared to the amount of antibodies detected
in a control well that was not exposed to the chaotropic reagent. The chaotropic agent is
introduced to a standard ELISA in a variety methods, such as exposure to a single [6–13] or
a range of concentrations [10, 14–17], or repeated exposure by the incorporation into
washing buffers [10]. The avidity can be either expressed as the molar concentration that
reduces the control OD signal by half, a percentage of the control OD signal that remains
after treatment with the chaotropic agent or a more complex calculation involving the ratio
between treated and untreated wells. The avidity ELISA has been reported to correlate with
the results from more accurate and technically advanced measurements of avidity, including
Biospecific interaction analysis [12, 18] and equilibrium dialysis [19].

Antibody avidity against a plethora of antigen types has been studied. Antigens used to coat
wells have included cell lysates [9, 14, 20–21], polysaccharide complexes [6, 10, 15–17],
hapten-protein conjugates [18], peptide antigens [12] and purified, monomeric proteins [11,
13]. We were interested in measuring the avidity of antibodies generated in response to a
human papillomavirus (HPV) virus-like particle (VLP) vaccine, which is a more complex
antigen than has been used to date. The VLPs are formed by the protein-protein interactions
of the HPV L1 proteins [22–23]. Ideally the chaotropic agent would only disrupt antibody/
antigen interactions, but it is possible that the chaotrope would disrupt the protein-protein
interactions essential to the integrity of the VLP. This could denature the VLPs, rendering
them unable to be recognized by a VLP-specific antibody. Most published reports have not
consider this issue, but it may be due to the less complex antigens that were used. One report
mentions evaluating this potential effect, and no effect was observed on a polysaccharide
based antigen [17].

Here we evaluated multiple chaotropic agents in a modified ELISA designed to measure
antibody avidity in serum from HPV L1 VLP vaccine recipients. We identified guanidine
hydrochloride (GuHCl) as an ideal chaotropic reagent that over a wide range of
concentrations does not affect the plate-bound antigen, yet is still able to disrupt antibody/
antigen interactions. We performed the modified ELISA following two different common
assay approaches and showed that the results from the two approaches correlated strongly.
We further showed that the assay is highly reproducible and is able to measure a range of
avidities in serum samples from HPV-16/18 L1 VLP vaccine recipients. Thus, GuHCl is a
reliable reagent for assessment of antibody avidity indices (AI) in serum from HPV L1 VLP
vaccine recipients.
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Materials and Methods
Participants and Serum Samples

7466 women participated in a double blind, controlled, randomized, phase III study of the
efficacy of an HPV16/18 VLP vaccine in Costa Rica. Details of recruitment and study
design have been published [24]. Briefly, participants were randomized to receive either an
HPV16/18 AS04-adjuvanted vaccine (GSK Bio, Rixensart, Belgium) or a control hepatitis A
vaccine (GSK Bio) at 0- (enrollment), 1- and 6-month. All participants provided informed
consent, and the trial was approved by human subjects review committees at the National
Cancer Institute (NCI) and Costa Rica. For the present study, a subgroup of 50 women, who
were scheduled to receive three doses of the HPV16/18 AS04-adjuvanted vaccine, was
randomly selected and the month 12 sample (6 months after the completion of the vaccine
regiment) was analyzed. Seven individuals were excluded from the analysis because they
had evidence of pre-existing HPV neutralizing antibodies. The month 12 samples from the
43 seronegative participants were chosen testing because all of the samples had a sufficient
antibody titer required for the avidity ELISA as described in following sections. A subset of
16 serum samples, also collected at month 12 after enrollment from a previous Phase I/II
clinical trial of a monovalent HPV16 L1 VLP vaccine [25] were used to determine ideal
assay conditions for sample dilution and chaotrope concentration.

ELISA
Anti-Human papillomavirus IgG antibodies were detected by an enzyme-linked
immunosorbent assay (ELISA), as previously described [26–27]. Polystyrene flat-bottom
microtiter plates (MaxiSorp, high binding; Nunc, Thermo Fisher Scientific, USA) were
coated with 100 μl of HPV16 L1 VLP at a concentration of 2.7 μg of protein per ml. The
plates were incubated at 4°C and washed with a saline-based buffer containing Tween 20.
After blocking the plates with blocking buffer containing 4% Skim Milk and 0.2% Tween
20 (volume/volume) in phosphate-buffered saline, the plates were again washed. Then 100
μl of two-fold serially diluted serum (diluted in blocking buffer) was added to each well. All
samples were tested in duplicate. The plates were incubated for 1 hr at room temperature.
After washing four times, a solution of peroxidase-labeled goat anti-human IgG (KPL, Inc.,
Gaithersburg, MD) was added for 1 hr. Plates were then developed with a
tetramethylbenzidine substrate solution (KPL, Inc.). After 25 min of incubation in the dark
at room temperature, the reaction was stopped by the addition of 100 μl of 0.36N H2SO4 to
each well. The absorbance at 450 nm and 620 nm were measured with a microtiter plate
reader (Spectramax M5; Molecular Device, Sunnyvale, CA). To control for the background
reaction, four wells were filled with blocking buffer only. To calculate the titers of the
samples, eight wells were filled with 100 μl of 1:100 diluted pooled sera from healthy,
unimmunized individuals, presumably negative for HPV antibodies. The mean optical
density (OD) of the pooled normal serum plus 3 standard deviations was used as cutoff to
determine the titer of the samples. The data were fitted to a graph representing on the y-axis
the absorbance and on the x-axis the dilutions of the samples. The reported value was the
dilution interpolated from the curve for each sample that would give an OD value equal to
the healthy, unimmunized control-based cut-off value.

Selecting a Chaotropic Reagent
To rapidly screen chaotropes and their effects on the structure HPV16 VLP, VLP-coated
wells were treated with increasing concentrations of different chaotropes. The four
chaoptropes tested were: urea (1–8 M; Sigma-Aldrich, St. Louis, MO) dissolved in PBS
containing 0.2% Tween-20 (PBST); diethylamine (DEA; 1.6–50 mM; Sigma-Aldrich)
diluted in PBST, with resulting pH values of 7–11; guanidine hydrochloride (GuHCl; 0.5–
3.5 M; Sigma-Aldrich) dissolved in PBST containing 10 mg/ml bovine serum albumin;
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ammonium thiocyanate (NH4SCN, 0.25–1.75 M, Sigma-Aldrich) dissolved in PBST. 100 μl
per well of chaotropes were added to VLP-coated wells in duplicates. After a washing step,
diluted serum was added and allowed to incubate for 1 hour. The remainder of the assay was
the same as the ELISA assay. The percentage of the untreated, control well OD remaining
after exposure to the different concentrations of the chaotropes was determined. GuHCl was
selected for further investigation because it best preserved the antibody binding over a wide
range of concentrations. The effects of GuHCl treatment on plate-bound VLP was further
scrutinized by using the V5 antibody. V5 is a mouse monoclonal antibody that recognizes
conformational dependent epitopes [28] of HPV16 VLP and is a neutralizing antibody [29],
allowing for the evaluation of the fitness of biologically relevant VLP structures. Briefly,
HPV16 VLP-coated wells were exposed to concentrations of GuHCl ranging from 0.5 to 3.5
M for 15 minutes. After a washing step, V5 antibody was incubated with the plate-bound
HPV16 VLP for one hour. The amount of V5 bound in the wells was detected using a HPR-
conjugated anti-mouse IgG antibody (Bethyl Laboratories, Inc., Montgomery, TX). The
remainder of the assay is the same as the ELISA assay described above. The amount of V5
bound to GuHCl-treated HPV16 VLP was compared to the amount of V5 bound to untreated
HPV16 VLP and reported.

Two Assay Approaches for the Modified ELISA Using Chaotropic Elution
Two modified assay set-ups were evaluated and compared in this study. The first (Method
A) is based on a method reported by Polanec et al [30]. Briefly, plates were initially coated
as described in the ELISA assay described above. Serum samples were diluted and used in
the assay such that they yielded an optical density of 1.0±0.5 in the detailed ELISA assay.
100 μl of the diluted serum was added to each well for 1 hour with shaking. All incubations
were done at room temperature. After a washing step, 100 μl of 0.5 to 3.5 M GuHCl was
added for 15 minutes. Buffers without GuHCl were added to control wells. The plates were
washed and the remainder of the assay is the same as the above detailed ELISA assay. The
second approach (Method B) was based on the report of Vermont et al [31]. Briefly, plates
were initially coated as described in the ELISA assay described above. Serum samples were
serially diluted (2-fold, 5 dilutions) such that dilutions tested fell on the linear range of the
described ELISA assay. 100 μl of the diluted serum was added to each well for 1 hour with
shaking. All incubations were done at room temperature. After a washing step, all wells
were treated with a single concentration of GuHCl for 15 minutes. Buffers without GuHCl
were added to control wells. The plates were washed and the remainder of the assay is the
same as the above detailed ELISA assay. A total of four concentrations of GuHCl (0.5, 1, 2,
and 3 M) were evaluated.

Methods to Calculate Avidity Index Values
Avidity Index (AI) values were differentially calculated based on the assay approach
utilized. Assays performed as described by Polanec (Method A) were analyzed using the
method provided in the same report [30]. Here, the absorbance readings for each serum
sample treated with a different GuHCl concentrations were converted to the percentage of
the untreated, control OD remaining (% = (treated OD/untreated OD)*100). The data was
fitted to a graph representing on the y-axis the percentage of the control OD and on the x-
axis the molar concentration of GuHCl (Fig. 1A) The AI value determined in Method A was
the extrapolated molar concentration of GuHCl required to reduce the absorbance of the
untreated, control well by 50%. Alternatively, assays performed as described by Vermont
were analyzed using the method reported by Perciani et al. [8] based on the area under the
curves of treated and untreated wells (Method B). Curves were generated by plotting the OD
value on the y-axis versus the log of the serum dilution factors on the x-axis. For each serum
sample a curve depicting the data from GuHCl treated and untreated wells was generated
(Fig. 1B). The area under the curve was determined for both scenarios using Prism 4
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(GraphPad Software Inc., USA). The AI value calculated as described by Perciani et al. was
reported as the ratio between two areas (AI = treatedarea/untreatedarea).

Statistical analysis
The AI of samples was analyzed on the natural logarithmic scale. A nested ANOVA was
used to evaluate the samples. Estimates of the variability associated with each subject (σ2

s)
with day for each subject (σ2

d), and with duplicates on the same day for a given subject
(σ2

d) were obtained. Letting zijk denote the AI measurement for sample i (i=1,2,3,…,43) on
day j(i) (j=1,2) and using duplicate k(ij) (k=1,2) the statistical model is written: Log (zijk) =
μ + ai + bj(i) + ε(ij) Here, μ is the average level of the AI, and ai, bj(i), and ε(ij) are normal
independent variates with means zero and variances σ2

s, σ2
d, σ2

e, respectively. Restricted
maximum likelihood estimates of the variance components were obtained using the SAS
procedure PROC VARCOMP. From the estimates of variance components two measures of
assay reproducibility (coefficient of variation and intraclass correlation coefficient) were
estimated. The variance of the natural logarithm of an AI was calculated by the “delta
method” (Lehmann) and was approximately the square of the CV. The ICC is the proportion
of the total variability explained by AI differences among subject (ICC = (σ2

s ÷ (σ2
s + σ2

d +
σ2

e) × 100)). Spearman coefficients of correlation were calculated using Prism 4 (GraphPad
Software Inc., USA).

RESULTS
Selection of the chaotrope guanidine hydrochloride (GuHCl) for use in the modified ELISA

Four chaotropic agents were initially identified and evaluated based on their description in
the literature. The four were urea [7, 11–13, 20, 30], ammonium thiocyanate [7–8, 10, 13–
17, 21, 30], GuHCl [7, 13, 30], and diethylamine [13, 30]. It was paramount in this study to
determine the factors that were leading to the reduction of OD signals in the assay because
of concerns over the chaotropic agents potential to alter the structure of the plate-bound
VLP. To assess this, plate-bound VLP were exposed to a range of concentrations of the
specified chaotropes, followed by incubation with serum from HPV16 VLP immunized
patients. The antibody bound in wells treated with chaotropes were then compared to the
amount in an untreated reference well. The OD values were used as the basis of the
calculations. The criteria to be considered a viable option for future use was that the
chaotrope did not reduce the antibody binding at any point by more than 20% within the
working concentration range selected. With these limits, it was assumed that the integrity of
the plate-bound VLP was preserved. Diethylamine treatment clearly decreased the potential
of the VLP to be recognized by antibodies (FIG. 1A) and urea had a substantial effect on the
antibody’s ability to bind at concentrations of 6 M and above (FIG. 1.B). However, both
ammonium thiocyanate and GuHCl appeared to be viable candidates (FIG. 1C, D) as no
significant drop in antibody binding was observed over the majority of concentrations tested.
GuHCl was chosen for further testing for two reasons. The first was that GuHCl appeared to
have a larger dynamic range than ammonium thiocyanate in terms of the range of applicable
molar concentrations (usable molar concentrations of 3.5 and 1.5, respectively). Secondly,
GuHCl treatment consisted of a 15 minute incubation as opposed to 30 minutes for
ammonium thiocyanate, allowing for a shortened assay protocol.

The choice of GuHCl as the chaotropic reagent was further scrutinized by analyzing the
ability of a monoclonal antibody, V5, to bind plate-bound VLP after being exposed to
GuHCl. V5 was used in chosen because it is a neutralizing HPV16-specific antibody [29]
that recognizes an epitope that is conformationally dependent [28]. V5 is a representative
example of the antibodies we hope to be able to measure the avidity with this modified
ELISA. When compared to untreated VLP, greater than 90% preservation of V5 binding
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occurred with concentrations of GuHCl ranging for 0.5 to 3.0 M (Table 1). These
experiments confirm that GuHCl is chaotropic reagent amendable to the evaluation of the
avidity in patient samples because it has minimal effect on the integrity of the VLP and has a
relatively broad dynamic range.

Comparison of two methods used to calculate AI values based on the GuHCl modified
ELISA

A variety of modifed ELISAs and calculations of AI values have been reported. Two
primary methods of calculating the avidity index were compared in this study, the one
described by Polanec et al.[30] and another used by Perciani et al. [8]. There are two
variables that are treated differently between the two approahces, sample dilution or GuHCl
concentration. The approach by Polanec et al. varies the concentrations of GuHCl used to
ensure that all avidities within a population of samples are measured. A single dilution of
serum that yields an OD which falls on the linear portion of the ELISA assay (target OD of
approximately 1.000) is used in the Polanec approach. The Polanec AI value is derived from
a graph plotting the percentage of the control OD against the concentration of GuHCl. The
AI value is the molar concentration of GuHCl that results in a 50% reduction of the control
OD (FIG 2A). Alternatively, the calculation by Perciani et al. relies on the assay set-up as
described by Vermont [31]. Here the serum sample is serially diluted and subsequently
treated with a single, optimized concentration of GuHCl. Four concentrations of GuHCl
(0.5, 1.0, 2.0 or 3.0 M) were tested here because the optimal concentration to mediate an
effect in all serum samples was not known. The AI value determined according Perciani et
al. is derived from a graph plotting OD values against serum dilution factors. Two lines are
plotted, one representing untreated wells and one representing wells treated with GuHCl.
This AI value reflects the ratio between the area under the curve calculated for either
conditions (FIG 2B). Both methods were applied to a set of 16 serum samples from patients
enrolled in a phase II clinical trial of a unadjuvanted HPV16 L1 VLP vaccine. The results
are shown in Table 2. Treatments with 0.5 or 1.0 M GuHCl were not effective in disrupting
the antigen/antibody binding as small ranges of values were observed (0.86 – 1.00 and 0.73
– 0.94, respectively). A concentration between 2.0 and 3.0 M appear to most effective in
determining AI values because they were better able to differentiate between individual
samples as evidenced by the increased ranges of values (results of 0.10 to 0.56). The AI
values calculated using the approach by Polanec et al. from 16 individuals were then
compared to the results of the analysis done according to Perciani et al. using these two
concentrations of GuHCl. A strong correlation was observed between the methods when
treatment with optimal chaotrope cncentrations of either 2.0 or 3.0 M GuHCl were used in
the Perciani et al. calculation method (Spearman ρ = 0.80–0.86, p ≤ 0.0002, FIG. 3A and
3B). This result shows that the two methods can be used interchangeably when the correct
conditions for a given sample population are used.

For our purposes we chose the Polanec method for our further analyses. One potential issue
with this method is that variation in the target OD value between samples or assays could
impact the final AI calculation. To evaluate this possibility, samples were serially-diluted
five times using 2-fold dilutions. The reference OD values covered by this strategy ranged
from 0.4 to 3.0. When the AI values for 16 serum samples were evaluated using the 5
different reference OD, an average variation of 11.0% was observed indicating that the
dilution of the serum sample had little effect on the final avidity index value when using the
Polanec method.

Evaluation of the performance of the avidity ELISA using GuHCl elution
The reproducibility of AI values using the approach by Polanec et al. was evaluated by
determining how consistent measurements were in different plates over different days.
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Samples from 43 clinical trial participants immunized with an adjuvanted, bi-valent
HPV16/18 L1 VLP vaccine were each tested over 2 days and in duplicate plates per day.
Within each plate samples were plated in duplicate. An excellent overall reproducibility was
observed for the assay. A coefficient of variation (CV) of 3.6% and an intraclass correlation
coefficient (ICC) of 97.6% was calculated. The CV between plates and days were 2.9% and
2.2%, respectively. As shown in Table 2, the range of AI of the samples was wide with a
median AI of 2.72 M displaying the robustness of the assay. The range of AI values for this
sample set indicates that GuHCl concentrations of 1.5 to 3.0 M were optimal. The concern
over GuHCl effects on the integrity of plate-bound VLP was once again evaluated using
these 43 samples. For each sample, four wells were screened: two VLP-coated wells were
treated with GuHCl before serum sample addition (pre-treatment) and two were treated after
serum sample addition (post-treatment) The pre-treatment effect of GuHCl over the
concentration range of 1.5 to 3.0 M was confirmed to be minimal (median reduction in OD
= 13.75%; Inter-Quartile Range = 8.2% – 22.6%). Lastly, we looked at the correlation
between titers and the avidity of HPV16 L1-specific IgG antibodies within the serum
samples. A moderate correlation (Spearman ρ = 0.40, p = 0.0076) was observed between
these parameters (FIG. 4). Based on HPV16 L1-specific IgG titer tertiles, individuals with
high antibody titers had a high AI, while individuals with low antibody titers could have
either a low or high AI (Table 4).

Discussion
The avidity and quantity of a serum antibody are key factors in how effective the antibody
will be in preventing infection and disease [15, 32–34]. Avidity has been assessed in clinical
trials in the pediatric settings and correlated with the effectiveness of vaccines against
bacterial infections [35–39]. However, to our knowledge, avidity of anti-HPV L1 antibodies
developed in the context of vaccination or infection has not been formally addressed in
clinical trials. Here for the first time, an avidity ELISA assay has been established and
validated that approximates the binding strength of an IgG antibodies specific for an HPV
VLP in serum from vaccinated adults in the setting of a clinical trial.

The modified ELISA assay depends on the use of chaotropic agents that disrupt the
interaction between proteins. The effects of the chaotropic agents are non-specific, and
while their effects are not well understood, the results from a modified ELISA have been
correlated with more accurate measurements of avidity using Biacore [12, 18–19].
Therefore, a modified ELISA represents an acceptable alternative for avidity measurement.
However, the integrity of plate-bound antigens is a important consideration, especially when
analyzing responses raised against a complex, multimeric protein structure. We evaluated
four chemicals typically used in modified avidity ELISAs and GuHCl was selected because
it had the largest range of concentrations that minimized alterations to the plate-bound VLP,
while presumably capable of disrupting the interaction antigen/antibody interactions. We
showed this both using patient serum samples and a monoclonal antibody against HPV16.
GuHCl has been previously used in evaluations of antibody avidity after infection with
Rubella virus [7, 30] and autoantigens in the setting of diabetes [13]. The optimal range of
GuHCl concentrations identified here (1.5 to 3.0 M) caused less than a 20% reduction in OD
signals.

Multiple methods for calculating AI values have been described [8, 30–31]. Here we show
that the results between AI values calculated using standard approaches adopted by Perciani
et al. or Polanec et al. are highly comparable at the working concentrations of GuHCl. We
chose to move forward with the method adopted by Polanec et al. for a number of reasons.
First, the range of antibody titers observed in HPV VLP vaccine recipients can vary 100-fold
within a single time point and 1000-fold between samples. This variability in titers between
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individuals would make identifying a set of serum dilution factors to use in calculating AI
values according to the method used by Perciani et al. problematic. At best different sample
dilutions would have to be used between time points and at worst a set of dilutions would
have to be found for each individual. In contrast, we can identify a single, optimal dilution
for each individual based on the results from the ELISA assay that can then be used in the
Polanec et al. method of AI calculation. Secondly, not every concentration of GuHCl used in
the Perciani et al. method was comparably to the Polanec et al. method. Using samples from
after the completion of the vaccine regiment required a treatment with 2.0 to 3.0 M GuHCl
while lower concentrations had minor effects. However, at collection time points before
completion of the vaccine regiment the lower concentrations may be more ideal to achieve
the required levels of reduction in OD. This is based on an assumption that avidity
maturation is occurring in the context of the vaccination. If so, this means that each time
point would require the identification of the optimal concentration of the GuHCl to be used,
which would not be practical in clinical studies with large sample size. The approach by
Polanec et al. alleviates this problem because the full range of GuHCl concentrations is
applied to every sample guaranteeing that we can generate data for each individual from
which an AI value can be calculated. Based on these practical considerations, we feel that
when dealing with populations with a large range of antibody titers and unknown AI values,
it is more effective to use the method adopted by Polanec et al.

The modified ELISA assay described here was highly reproducible as evidenced by the very
low coefficients of variation (CV) obtained in measurements done in different plates and in
between days. The assay was applied to serum from 43 HPV VLP vaccine recipients and a
range of avidities were reliably measured. The high ICC reflect the fact that most variability
observed is between the avidity measurements among different individuals rather than assay
driven. The results of this analysis can be compared to and correlated with other parameters
of immunity including the absolute titers of HPV-specific antibodies. Preliminary evidence
presented here indicates that there was only a modest correlation between avidity and
antibody titers. Thus, future studies are planned to further address the role of avidity in
protection against natural infection with HPV and in context of vaccination. This assay will
be useful in studying how avidity changes over time and in response to different HPV
vaccine formulations.

In conclusion, we developed and validated a simple modified ELISA that can be reliably
applied to measure serum HPV antibody avidity in clinical samples from large
epidemiological studies. In doing so, it was important to take in account interactions that the
chaotropic agent affected. We showed that the four chemicals we evaluated had measurable
and at times significant effects on the plate-bound antigens. We took careful steps to
measure this effect and understand under which conditions it was minimized. The results of
this study showed that GuHCl is a viable reagent to use in avidity assays that rely on
detecting responses against HPV L1 VLP and potentially other complex plate-bound
antigens and that avidity can be measured in a reproducible fashion using our assay.
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FIG. 1.
Effects of chaotropic agents on the plate-bound HPV16 L1 VLPs. The effects of chaotropic
agents (A-Diethylamine, B- Urea, C- Ammonium Thiocyanate, D- Guanidine
Hydrochloride) were compared by treating VLP-coated wells before the addition of serum
samples from HPV16 VLP vaccinated individuals. The results are presented as the
percentage of the OD signal observed in untreated wells in a representative experiment.
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FIG. 2.
Graphs depicting the AI value determination using two different methods (A- Method
described by Polanec et al. [30] and B - by Perciani et al [8]).
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FIG. 3.
Correlations observed between two different methods and conditions for determing AI
values (Method A described by Polanec et al. and Method B by Perciani et al.). 2M GuHCl
is shown in panel A and 3 M GuHCl treatment is shown in panel B. Month 12 serum
samples from 16 individuals vaccinated with an unadjuvanted HPV16 L1 VLP were tested
for AI values as described in the Materials and Methods. The Spearman correlation
between the two values is reported with the corresponding p-value.
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FIG. 4.
Low correlation observed between HPV16-specific antibody titers and avidity in vaccinated
individuals. Month 12 serum samples from 43 individuals vaccinated with an adjuvanted
HPV16/18 L1 VLP were screened for antibody titers and avidities as described in the
Materials and Methods. The Spearman correlation between the two values is reported with
the corresponding p-value.
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Table 1

Preservation of V5 binding following VLP exposure to GuHCl

M GuHCl

V5 Dilution Factor

4 × 104 8 × 104 16 × 104

0.5 99.9 99.2 98.2

1.0 93.2 91.3 89.1

1.5 96.5 94.5 93.0

2.0 97.8 96.1 94.9

2.5 98.9 97.7 96.5

3.0 99.2 98.1 97.1

3.5 73.2 68.0 65.1

Results presented as the % of the binding in untreated, control wells
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