Development and Validation of a Multiplex Serology Assay for HPV Type-Specific Antibody Detection
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Introduction

Human papillomavirus (HPV) is a common viral infection with
over 200 identified types, some of which are classified as
oncogenic due to their association with various cancers. Among
| these, HPV16 is notably the most prevalent and is implicated in
the majority of cervical cancers, as well as significant proportions
of oropharyngeal, anal, penile, vulvar, and vaginal cancers.
Prophylactic vaccines, such as the bivalent, quadrivalent, and 9-
valent HPV vaccines, are highly effective in preventing infections
with the most common oncogenic HPV types. Despite this,
vaccine uptake varies globally due to factors such as vaccine
availability, cost, cultural acceptance, and lack of awareness.
Consequently, many individuals remain unvaccinated and at risk
for HPV infection and its associated cancers.

Catch-up vaccination programs are essential for reaching those
who missed routine vaccination during adolescence. However,

identifying individuals who are seronegative for HPV-16 and §

other oncogenic types is crucial for the efficient allocation of
vaccines, especially in resource-limited settings. Current
| serologica
sample volumes, making them less practical for widespread use.
We aimed to develop a multiplex serology assay that can
simultaneously detect antibodies against multiple HPV types

assays are often limited in scope and require large
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Rationale

Carbodiimide chemistry is a simple two-step process
during which microsphere carboxyl groups are first
activated with 1-ethyl-3-[3-dimethylaminopropyl]
carbodiimide hydrochloride reagent in the presence of
Sulfo-NHS (N-hydroxysulfosuccinimide) to form a Sulfo-
NHS-ester intermediate. The reactive intermediate is
then replaced by reacting with the primary amine of the
coupling molecule (HPV-specific strain L1 protein) to
form a covalent amide bond.
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from a small sample volume, providing a valuable tool for §

targeted vaccination strategies. Also, our objective was to test
the performance of our HPV type-specific serology assay using
| an Internationally defined proficiency panel developed at the
National Cancer Institute (NCI) Frederick Laboratory.
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The NCI-Frederick proficiency panel was previously
tested in 10 laboratories from 7 countries, monitoring
HPV antibody responses for up to 9 HPV types and
using 3 different analysis methods. Sensitivity,
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Our assay achieved 100% sensitivity and 100%

utility in clinical and research settings.
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B specificity, demonstrating its reliability and potential
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Conclusion

The multiplexed L1 HPV protein/VLP-based serology assay
we developed is highly sensitive and specific, requiring
minimal sample volumes, making it an efficient tool for
large-scale epidemiological studies and individual
assessments. This assay has significant potential to

¥ enhance catch-up vaccination programs by identifying

individuals who remain susceptible to HPV infection,
particularly in populations with low vaccine uptake or where
vaccine costs are prohibitive. By enabling targeted

B vaccination, our assay can play a critical role in cancer

prevention strategies, ultimately reducing the incidence of
HPV-related cancers and improving public health outcomes.

Future Steps

We aim to use this method to evaluate total anti-HPV
antibodies for the samples from a cohort of MSM in Nigeria,
TRUST/RV368. Also, we will evaluate this method for other

| types of antibodies, including IgA.
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Methods and Materials

Cutoff (Mean)
+1SD
+2SD
+3SD

To develop our assay, we leveraged Luminex xMAP

technology, which allows for high-throughput, multiplexed
detection of biomarkers. We conjugated L1 proteins from six
HPV types (6, 11, 16, 18, 35, and 58) and a VLP from type 45 to
uniquely colored beads. This configuration enables the
simultaneous detection of antibodies specific to these HPV

d types within a single assay, reducing the amount of samples
needed and increasing testing efficiency.
Negative cut-offs were determined using plasma samples from
children aged 1-12 years, presumed to be HPV naive due to
their age and low risk of exposure. Positive controls included
monoclonal antibodies specific to each HPV type, ensuring the
assay's accuracy. The proficiency panel, provided by the NCI
Frederick Laboratory, consisted of 40 blinded samples tested in
duplicate using only 25 pl per sample. Samples were classified
as positive if the antibody titers exceeded three standard
deviations above the mean (X+3SD) for any of the seven HPV

types

Sensitivity

Sensitivity (n=28) HPV-6  HPV-11 HPV-16 HPV-18 HPV-35 HPV-45

+1SD 28 28 28 28 21 28 28

+2SD 28 28 28 28 19 28 28

+3SD 28 28 28 28 15 28 28
il Sensitivity (%) HPV-6 HPV-11 HPV-16 HPV-18 HPV-35* HPV-45 HPV-58
8 +1SD 100.0% 100.0% 100.0% 100.0%  /5.0% 100.0%  100.0%

+25D 100.0% 100.0% 100.0% 100.0%  67.9% 100.0% 100.0%

+3SD 100.0% 100.0% 100.0% 100.0%  53.6% 100.0%  100.0%

| Results

Our assay demonstrated high reproducibility, with
consistent results across replicate samples. Specifically,
it accurately identified:10 samples with high antibody
titers, indicative of prior vaccination with the 9-valent HPV §
vaccine, 14 samples with intermediate antibody titers,
likely reflecting partial or waning immunity, 4 samples
with low antibody titers, possibly representing individuals
with past exposure or infection but no recent vaccination,
12 samples that were HPV negative, indicating no prior

l exposure or vaccination. Interestingly, our assay
revealed significant cross-reactivity for HPV35 among
individuals vaccinated with the 9-valent HPV vaccine,
which does not include HPV35. This suggests that the
Immune response elicited by the vaccine may provide
broader protection than previously understood.
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