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Introduction
Human papillomavirus (HPV) infection is highly prevalent in 

people with human immunodeficiency virus (HIV) infection, and 
HPV-associated cancers are important public health problems in HIV-
infected people [1,2]. Seroepidemiology is an essential method to assess 
host immunity following HPV infection [3]. Although native HPV can 
be cultivated in differentiated epithelial tissues using the organotypic 
(raft) culture system [4], there is a lack of utilization of native HPV as 
the antigens in population health research to assess antibody responses 
against HPV infection. Recombinant particles have been utilized as 
surrogates of native HPV; the commonly used recombinant particles 
include the virus-like particles (VLP) and pseudoviruses (PsV), which 
are produced by over-expression and self-assembly of HPV capsid 
proteins (L1 or L1+L2) [5,6]. While the World Health Organization has 
established the reference standards of negative and positive reagents for 
antibodies to HPV16 [7,8], there is no standard assay to detect HPV 
antibodies. 

Different approaches have been utilized in previous research to 
examine antibody responses to HPV capsid proteins (L1 or L1+L2). 
Briefly, the HPV VLP-based assays, including the direct enzyme-
linked immunosorbent assay (ELISA) and the multiplex immunoassay 
systems, are widely used to measure antibodies against HPV type-
specific L1 major capsid protein or the neutralizing epitopes, and 
certain cut-off values are established to determine the seropositivity of a 

serum sample [9-11]. The secreted alkaline phosphatase neutralization 
assay (SEAP-NA) with HPV PsV carrying a reporter gene has also been 
developed to measure the neutralization potential of HPV antibodies 
by blocking PsV from infecting the cells [12]. However, some studies 
have found that different assays yield different serology results, limiting 
the comparison of the results across studies and the choice of an assay 
for monitoring HPV antibody responses [13-20]. 

A high seroprevalence of HPV antibodies in HIV-infected women 
has been detected using the VLP-based assays [21-23], but neutralization 
assays have not been well conducted to examine the presence of HPV 
neutralizing antibodies in HIV-infected women. Advances in HPV 
immunology could have great implications for HPV-related cancer 
prevention in HIV populations [24]. In this exploratory study, we used 
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the VLP-based ELISA (VLP-ELISA), the neutralization assay with 
native HPV (NA-HPV), and the neutralization assay with PsV (NA-
PsV) to evaluate HPV antibody responses in HIV-infected women and 
to assess the agreement of seropositivity between these assays. 

Materials and Methods
HIV-infected women were recruited from 5 HIV/AIDS outpatient 

clinics in south central Pennsylvania during 2010 to 2012. Study 
participants provided oral, vaginal, and anal swabs and 10 ml of whole 
blood. HIV/AIDS-related medical information was obtained from the 
electronic medical records. The swab specimens were tested for the 
presence of 37 types of HPV DNA (Roche Diagnostics, Indianapolis, 
IN), and the serum samples were used for HPV serology tests. The 
serum samples were heat-inactivated at 56°C for 30 minutes and stored 
at -20°C prior to the tests. All the serum samples were tested using the 
VLP-ELISA, the NA-HPV, and the NA-PsV. To assess the reproducibility 
of the three assays, 9 serum samples were randomly chosen to 
repeat each assay. This study was approved by the Pennsylvania State 
University College of Medicine Institutional Review Board and written 
informed consent was obtained from each study participant. All work 
was performed in accordance with the ethical standards that guide 
biomedical research involving human subjects. 

HPV VLP-based ELISA (VLP-ELISA)

Direct ELISAs were performed to assess serum type-specific 
antibodies (IgG+IgA+IgM) to HPV VLP antigens as previously 
described [10]. Because we found high background signals from all 
serum samples that would cause false positive results, we first coated 
the ELISA plate wells with 200 ng/well of heparin conjugated to BSA, 
which was shown to reduce background in serum ELISAs [25]. Second 
we used the cottontail rabbit papillomavirus (CRPV) VLP antigens 
as a negative control to adjust for background reactivity in the serum 
samples [10]. Sera from previously reported virgins or sera from 
children is not a preferable negative control for these studies because 
our samples are from older, HIV-infected women and the possibility 
of finding HIV-infected women without HPV exposure is nearly 
impossible. The normal population will be negative against CRPV 
antigens as this virus grows on rabbits in the western United States 
and most people are not in contact with these animals. HPV16, 18, 
and CRPV L1 VLPs were produced in 293 TT cells and were used as 
the antigens [5,6,9,26]. CRPV VLP PBS-incubated wells were used as 
negative control wells. Each patient's serum and negative controls were 
tested at a final dilution of 1:100 in duplicate wells. The paired t-test was 
used (Sigmaplot 11, Systat Software Inc.) to compare the mean optical 
density (OD) A405/A490 values of the ELISA VLPs with the mean OD 
value of the serological reaction to the CRPV to determine HPV VLP 
antibody seropositivity [10]. If the mean VLP OD value is significantly 
higher than the mean CRPV OD value (at p-value<0.05), the serum is 
defined as seropositive. 

Neutralization assays with native HPV (NA-HPV)

The NA-HPV were conducted in HaCaT cells using the method 
that we developed before [27]. Briefly, native HPV16 and HPV18 
were cultured using HPV16- or HPV18-persistently infected human 
foreskin keratinocyte (HFK) cell lines in the organotypic (raft) culture 
system [4,27,28]. Native HPV16 and HPV18 were then purified from 
the 20-day raft culture tissues [27]. Based on our previous experience, 
we chose a multiplicity of infection of 25 (MOI25) for the assay. The 
native HPV MOI25, patient serum (1:100 dilution) and media were 
combined and incubated at 37°C for one hour. A mixture of native virus 

and media without patient serum was used as the negative control. As 
a positive control for neutralization, we combined native HPV with 
previously characterized conformation dependent type-specific mouse 
monoclonal antibodies (mAbs) (HPV16.V5 and HPV18.J4) [10,29]. 
The mixtures were then placed on 175,000 adherent HaCaT cells in 24-
well plates and incubated at 37°C for 48 hours. The mRNAs of HPV-
infected cells were harvested with the RNeasy Mini Kit Kit (Qiagen Inc., 
Valencia, CA). Real-time quantitative PCR (RT-qPCR) was performed 
using the QuantiTech Probe RT-PCR Kit (Qiagen Inc., Valencia, CA) 
to assess relative expression levels of HPV E1^E4 transcripts based on 
the levels of the endogenous reference transcript (TBP). HPV16 and 
HPV18 primers and probes were developed using Gene Link Software 
(OligoAnalyzer 1.2 and OligoExplorer 1.2) [27]. The CT values of the 
mixtures were obtained and then transformed as the relative infectivity 
values using REST© software to determine neutralization potential 
[27,30]. The relative infectivity value was set to 1.0 for the negative 
control. Based on the reduction in infectivity compared with the 
negative control, the seropositivity was defined as having a ≤ 0.5 relative 
infectivity value (representing a 50% or more reduction in infectivity).

Neutralization assays with PsV (NA-PsV)

PsV16 and 18 encapsidating a secreting alkaline phosphatase 
plasmid were produced in 293TT cells and neutralization assays with 
PsV were performed in 293TT cells as previously described [6,12,31,32]. 
Briefly, 293TT cells were seeded in 96 well plates in DMEM without 
phenol red. The next day, approximately 1.6 × 105 PsV particles were 
incubated with an indicated dilution of patient sera or monoclonal 
antibody (mAb) for 1 hour at 37°C before adding to duplicate wells [31]. 
Three days post-seeding, 30 µl cell-culture supernatant was assayed 
with p-nitrophenylphosphate tablets (Sigma) dissolved in Tris buffer 
and secreted alkaline phosphatase signal was read at OD A405/A490. 
A mixture of PsV and media without patient serum was used as the 
negative control, and a mixture of PsV and mouse mAbs (H16.V5 and 
H18.J4, respectively) was used as the positive control for neutralization 
[10,29]. The seropositivity was defined using the same criterion for the 
NA-HPV (a 50% or more reduction in infectivity compared with the 
negative control). 

Assessment of non-specific neutralization

To rule out possible non-specific neutralization, we also conducted 
the neutralization assays with native CRPV (NA-CRPV) in RK-13 cells 
MOI25 to examine non-specific neutralization, as antibodies to HPV 
should not neutralize CRPV. CRPVs were obtained from infected rabbit 
xenografts grown in athymic mice. RK-13 cells (rabbit keratinocytes) 
were grown in DMEM (10% FBS) and 2.5 × 105 cells were seeded in 
12 well plates. After 24 hours, CRPV and a 1:50 dilution of sera were 
mixed in 100 ul culture media and incubated for 1 hour at 37ºC. 
Neutralizing monoclonal antibodies (CRPV.2C and CRPV.4B) were 
included as positive controls [33]. The following day 500 ul culture 
media was added to wells and 24 hours later the media was removed 
and fresh media was added. After a total incubation time of 120 hours 
the cells were lysed and harvested with TRIzol (Invitrogen). Total 
RNA was isolated from TRIzol and RT-qPCR was performed to assess 
relative expression levels of HPV E1^E4 transcripts [34,35]. A total 
of 400 ng of RNA was assayed in duplicate multiplex reactions with 
TATA-binding protein (TBP) as the internal reference control using 
the Brilliant II QRT-PCR kit (Agilent Technologies) on the Mx-3005 
(Agilent Technologies). All RT-qPCR data were analyzed using REST 
software [30]. The seropositivity was defined using the same criterion 
for the NA-HPV. All CRPV-seropositive samples were further diluted 
(1:100 and 1:200) to assess neutralization potential. 

file:///E:/TotalJournals/OMICS/JCCR/JCCRVolume.5/JCCRVolume%205.2/JCCR5.2_AI/l 


Citation: Du P, Brendle S, Milici J, Camacho F, Zurlo J, et al. (2015) Comparisons of VLP-Based ELISA, Neutralization Assays with Native HPV, and 
Neutralization Assays with PsV in Detecting HPV Antibody Responses in HIV-Infected Women. J AIDS Clin Res 6: 433. doi:10.4172/2155-
6113.1000433

Page 3 of 6

Volume 6 • Issue 3 • 1000433
J AIDS Clin Res
ISSN: 2155-6113 JAR an open access journal 

Statistical analysis

The seroprevalence, the cross-reactivity between HPV16 and 
HPV18, and the reproducibility were examined for each assay. Because 
this study focused on the seropositivity as a dichotomous variable 
(Yes or No), Cohen’s kappa coefficients were calculated to evaluate the 
cross-reactivity and the reproducibility. To assess the agreement and the 
consistency between the three assays, intraclass correlation coefficients 
(ICC) were calculated to distinguish the results that could be highly 
correlated but with little agreement, while kappa coefficients were used 
to rule out a random agreement due to chance.

Results
A total of 94 HIV-infected women were included in this study and 

none of them ever received HPV vaccines. Most of HIV-infected women 
in this study were older than 40 years (median age=46 years, age range: 
20-66 years), non-Hispanic whites (52%), and had more than 5 lifetime 
sexual partners (68%). The majority of these women acquired HIV via 
heterosexual contact (74%) and had been infected with HIV for more 
than 10 years (67%). At the time of recruitment, 82% of women were 
taking combined antiretroviral therapy for HIV infection. About 55% 
of women had an average CD4 counts >500 cells/mm3 and 61% had low 
HIV RNA viral loads (undetectable at ≤ 75 copies/mm3). More than 
half of these women (54%) had at least one abnormal cervical cytology 
(atypical squamous cells of undetermined significance or worse) in 
previous years, and two women were diagnosed with invasive cervical 
cancer in 2001 and 2003. 

Overall, the seroprevalence detected by the VLP-ELISA, the NA-
HPV, and the NA-PsV in 94 HIV-infected women was 35%, 51%, and 

27% for HPV16 antibody, and 14%, 44% and 21% for HPV18 antibody, 
respectively (Table 1). Kappa coefficients indicated a low cross-reactivity 
between HPV16 and HPV18 for the NA-HPV (kappa=0.04, 95% 
confidence interval: -0.15, 0.24), but a moderate cross-reactivity for the 
VLP-ELISA (kappa=0.35) and the NA-PsV (kappa=0.33). HPV16 DNA 
was detected from oral, vaginal, or anal swabs in six women (6%); all 
of these women were seropositive by the NA-HPV but only two were 
seropositive by the VLP-ELISA or the NA-PsV. One woman who was 
HPV18 DNA positive was seropositive by all three assays. 

The serology results varied across the three assays (Table 2). The 
concordant seropositive or seronegative results were observed only 
among 34% of the samples for HPV16 and 53% for HPV18. None of 
the assays could fully capture the seropositivity as some samples were 
only seropositive in one assay but not in other two assays. Both the 
agreement and the consistency of the results (measured by the kappa 
coefficients and the ICCs) were very low between these three assays 
(Table 3). There was a slight agreement between the neutralization 
assays with native HPV18 and PsV18 (kappa=0.29). 

Four samples (4%) showed seropositivity against CRPV in the 
NA-CRPV and were determined to have non-specific neutralization 
effects (at a 1:50 dilution). Of these four samples, one was seropositive 
with native HPV18, one was seropositive with native HPV16 and 18, 
one was seropositive with VLP16 and 18 and native HPV18, and one 
was seropositive with VLP16 and 18, native HPV18, and PsV16 and 
18. The samples were then diluted to 1:100 and three samples still 
neutralized CRPV. When the samples were further diluted to 1:200, no 
neutralization effect was observed. 

Nine random samples were repeated for each assay for HPV16 

VLP-ELISA* NA-HPV** NA-PsV**
HPV16 HPV16 HPV16

Positive Negative Positive Negative Positive Negative

HPV18  
Negative 11 2 22 19 11 9
Positive 22 59 26 27 14 60

Seroprevalence
      HPV16 35% 51% 27%
      HPV18 14% 44% 21%
Cross-reactivity
Kappa coefficients† 0.35 (0.16, 0.53) 0.04 (-0.15, 0.24) 0.33 (0.11, 0.54)

*Definition of seropositive for VLP-ELISA: If the mean VLP OD value is significantly higher than the mean CRPV OD value (at p-value<0.05), the serum is defined as 
seropositive.
**Definition of seropositive for NA-HPV and NA-PsV: If the relative infectivity value is ≤ 0.5 compared with the negative control (representing a 50% or more reduction in 
infectivity), the serum is defined as seropositive.
†Kappa coefficients are used to assess the cross-reactivity, which is represented by the degree of agreement between two tests (HPV16 and HPV18).  Kappa value ranges 
from 0 or <0 (a lack of agreement or a purely random coincidence) to 1 (a perfect agreement).    
Table 1: Results of HPV16 or HPV18 antibody detected by the 3 assays among 94 HIV-infected women.

VLP16-ELISA NA-HPV16 NA-PsV16 N of women VLP18-ELISA NA-HPV18 NA-PsV18 N of women
+ + + 7 + + + 4
+ + - 11 + + - 3
+ - + 3 + - + 0
+ - - 12 + - - 6
- + + 9 - + + 11
- + - 21 - + - 23
- - + 6 - - + 5
- - - 25 - - - 46

+: Seropositive
-: Seronegative

Table 2: The distribution of seropositivity results across the 3 assays.
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and HPV18. There was an excellent reproducibility of the results in 
the NA-HPV (kappa=1.00 for HPV16 and kappa=0.77 for HPV18), 
but a low reproducibility in the VLP-ELISA (kappa=-0.17 for VLP16 
and kappa=0 for VLP18) or the NA-PsV (kappa=-0.15 for PsV16 and 
kappa=0 for PsV18). 

Discussion 
We have found that the detection of HPV16/18 antibody responses 

varies across different assays in HIV-infected women. As the majority of 
women in our study acquired HIV via high-risk heterosexual contacts 
and more than 50% of women have a history of an abnormal cervical 
cytology, it is likely that some HIV-infected women were previously 
infected with HPV16 or 18 but cleared the infection. Because antibody 
responses following natural HPV infection is usually weak and not well 
correlated with the presence of HPV DNA [36], a sensitive and reliable 
approach is needed to define HPV seropositivity. 

In our study the NA-HPV yields the highest seroprevalence for 
both HPV16 (51%) and HPV18 (44%) antibodies and also shows the 
lowest cross-reactivity (kappa=0.04) and an excellent reproducibility 
(kappa=1 and 0.77). Furthermore, the presence of HPV16 or HPV18 
neutralizing antibody is observed in all HPV16- or HPV18-DNA 
positive women, suggesting that the NA-HPV is a sensitive method to 
study HPV serology. The results of the NA-HPV are unlikely caused 
by non-specific binding as the cross-reactivity between HPV16 and 
HPV18 is very low. If our study findings were due to non-specific 
reactivity or false positivity, we would observe a strong agreement 
between neutralizations with HPV16 and HPV18. The results from 
the NA-CRPV (4% seropositivity) also support the lack of non-specific 
neutralization. 

The seroprevalence of HPV16 and 18 antibodies detected by the 
VLP-ELISA (35% and 14%, respectively) in our study are lower than the 
seroprevalence (~50%) reported in previous research [21,22]. Because 
the majority of our study population are women older than 40 years, 
the results could be due to the low levels of seroreactivity. We also 
performed the NA-PsV as PsVs are easy to produce and less expensive 
when compared to the native HPV. If the neutralization results are 
comparable, PsV could be used as a reasonable surrogate of native 
HPV for the neutralization assay. The NA-PsV yields an intermediate 
seropositivity compared with the VLP-ELISA and the NA-HPV, but the 
cross-reactivity and the reproducibility are similar to the VLP-ELISA. 

We have also identified that the agreement between the three 
assays is generally low, although the direct comparison of the results 
may not be applicable because of different experimental designs and 
definitions of seropositivity. The inconsistent results between the three 
assays are likely caused by weak antibody responses following natural 
HPV infection in older women and different methods of the assays. In 
addition, HIV infection and the use of combined antiretroviral therapy 
might complicate HPV antibody responses and the natural history of 
HPV infection in HIV-infected women [37,38]. 

It has been increasingly recognized that HPV antibody responses 
vary across different assays [13,15-20]. The VLP-based assays are 
inexpensive, less labor-intensive, and multiple HPV VLP types can 
be tested simultaneously. However, only about 50% of HPV DNA 
positive people would be tested seropositive with the type-specific 
HPV antibody using a VLP-based assay [36]. Non-specific binding or 
binding on linear epitopes (not conformational epitopes) of the VLPs 
may also cause false seropositivity. Because VLPs are empty particles, 
the neutralization potential of HPV antibodies cannot be evaluated 
using the VLP-based assays. The NA-PsV has been shown as a better 
approach because the function of HPV antibodies can be assessed and 
the cross-reactivity or non-specific binding is generally low [12], thus, 
the NA-PsV is considered as the “gold standard” for measuring HPV 
neutralizing antibodies [13,15,32]. Nonetheless, PsVs differ in many 
characteristics from native HPV [27,39]. As both VLPs and PsVs are 
recombinant particles, denatured particles could cause false negative 
results and variable results, especially for unvaccinated people with 
low levels of seroreactivity [7,8]. The NA-HPV, mainly used in in vitro 
studies, can provide sensitive and reliable serology results. Another 
great advantage of the NA-HPV is that native HPVs are used to better 
understand host immunity against HPV infection. But due to unique 
technical requirements (the raft culture system) and labor intensity, the 
NA-HPV has not been utilized in population research. Given the merits 
of each assay, the selection of an appropriate assay is not obvious. The 
VLP-ELISA and NA-PsV are well established approaches to examine 
immune responses for vaccinated women with high titers of HPV 
antibodies, while the NA-HPV seems an appropriate method for HIV-
infected women with low levels of HPV antibodies. 

Several limitations need to be discussed when interpreting our 
study findings. First, in this exploratory study we have used different 
approaches for the VLP-based ELISA (CRPV VLP) and for the 
neutralization assay (NA-HPV) and our study population is older, thus, 
our results may not be comparable with previous findings. Second, as 
we focus on the overall seropositivity, we have not separated specific 
serum IgG, IgM and IgA antibody responses and not tested the titers of 
HPV antibodies with sequential dilutions of the serum. Last, because 
this study is a cross-sectional study with a small sample size, the results 
need to be confirmed with a larger scale study. 

In conclusion, our study suggests that the NA-HPV appears 
to be a sensitive and reliable approach in detecting natural HPV 
antibodies in HIV-infected women, and also offers an opportunity 
to directly examine the function of HPV antibodies and measure the 
neutralization potential. Therefore, in addition to widely used VLP-
ELISA and NA-PsV, the NA-HPV approach can be applied in HPV 
natural history studies or HPV vaccine studies to better understand 
host immunity against HPV infection in HIV population as well as in 
other populations. 
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