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ABSTRACT

Background: Human papillomavirus (HPV) infects and propagates in the cervical mucosal epithelium. Hence, in
addition to assessing systemic immunity, the accurate measurement of cervical immunity is important to evaluate
local immune responses to HPV infection and vaccination. This review discusses studies that investigated the
presence of infection and vaccine-induced HPV-specific antibodies in cervicovaginal secretions (CVS).

Methods: We searched the two main health sciences databases, PubMed and the ISI Web of Science, from the
earliest dates available to March 2019. From the eligible publications, information was extracted regarding: (i)
study design, (ii) the reported HPV-specific antibody concentrations in CVS (and the associated serum levels,
when provided), (iii) the CVS collection method, and (iv) the immunoassays used.

Results: The systematic search and selection process yielded 44 articles. The evidence of HPV-specific antibodies in
CVS after natural infection (26/44) and HPV vaccination (18/44) is discussed. Many studies indicate that HPV-
specific antibody detection in CVS is variable but feasible with a variety of collection methods and immunoassays.
Most CVS samples were collected by cervicovaginal washing or wicks, and antibody presence was mostly determined
by VLP-based ELISAs. The moderate to strong correlation between vaccine-induced antibody levels in serum and in
CVS indicates that HPV vaccines generate antibodies that transudate through the cervical mucosal epithelium.
Conclusion: Although HPV-specific antibodies have lower titres in CVS than in serum samples, studies have shown
that their detection in CVS is feasible. Nevertheless, the high variability of published observations and the lack of a
strictly uniform, well-validated method for the collection, isolation and quantification of antibodies indicates a
need for specific methods to improve and standardize the detection of HPV-specific antibodies in CVS.

1. Introduction

1.1. Humoral immune response to natural HPV infection

Persistent infection with an oncogenic human papillomavirus (HPV)
type is the major risk factor for the development of cervical carcinoma
[1], which is the fourth most common cancer in women worldwide [2].
HPV infections may persist due to a variety of viral immune evasion
mechanisms (reviewed in Refs. [3,4]). However, despite the mechan-
isms that are in place that allow HPV to evade host defences, at least
80-90% of genital HPV infections are cleared in approximately 12-24
months, indicating that the immune system is mostly able to eliminate
these infections [5].

Neutralizing antibodies are believed to be the main effectors of
protection against HPV infection by preventing the initial entry of the
virus into basal epithelial cells [6]. Although only small numbers of
virions are presumably exposed to the immune system, both mucosal
and systemic antibodies against selected HPV antigens have been de-
tected in infected women. However, the titres of these infection-in-
duced (IgA and IgG) antibodies are low, and seroconversion occurs
months or even years after infection. In addition, in some women, an-
tibodies are never detected, as only 50-70% of women eventually
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Fig. 1. Flow diagram of the literature search.

seroconvert. Furthermore, the detected antibodies do not necessarily
protect against subsequent infection, and it is unknown whether natural
immunity can persist throughout life [7]. Although HPV infects and
propagates in the cervical mucosal epithelium and has almost no
viremic phase, the ensuing humoral responses are most frequently de-
tected in sera. Inmune responses in cervicovaginal secretions (CVS) are
usually not investigated.

1.2. Humoral immune response to HPV vaccination

The discovery that the major capsid antigen, L1, of HPV could self-
assemble into virus-like particles (VLPs) that are highly immunogenic
led to the development and licensure of three VLP-based HPV vaccines
(the bivalent HPV16/18 vaccine, the quadrivalent HPV6/11/16/18
vaccine, and the nonavalent HPV 6/11/16/18/31/33/45/52/58 vac-
cine) [8-10]. The current HPV vaccines are delivered intramuscularly,
circumventing intra-epithelial immune evasion strategies. In contrast to
natural infection, HPV vaccination induces high-quality and sustained
serum (mostly IgG) antibody titres against HPV L1, conferring protec-
tion against persistent incident infections and pre-malignant neoplasias
[11]. In fact, HPV vaccination generates 10- to 100-fold higher titres of
L1-specific serum neutralizing antibodies than natural infection [4].

Since HPV requires disruption of the epithelial barrier to infect,
direct exudation of capillary and interstitial vaccine-induced type-spe-
cific HPV antibodies at these sites occur, neutralizing the virions. This
mechanism is probably elucidating why the quadri- and nonavalent
vaccines are highly protective against infections of cutaneous epithelia

(e.g. external genital warts), which are not routinely bathed in mucus.
However, also significant transudation of systemic antibodies (e.g. via
the neonatal Fn receptor [12,13]) in the female genital mucus takes
place. The impact on infection and transmission of these transudated
anti-HPV antibodies also warrants further investigation [4,14,15].
Genital HPV infections are rapidly acquired after the initiation of
sexual activity, hence, prophylactic HPV vaccination programmes gen-
erally target preadolescents prior to their initiation into sexual activity.
However, infection can occur throughout the lifetime of a sexually active
person [16,17]. HPV vaccines are therefore required to elicit potent,
long-lasting HPV-specific antibodies in serum that can exudate and
transudate into the genital mucosa, where the virus is first encountered.

1.3. Importance of humoral immune responses in female genital secretions

The evaluation of immunogenicity in HPV vaccine trials has relied
largely on serology. In the absence of a correlate of protection, it is
generally accepted that the presence of high concentrations of vaccine-
induced neutralizing antibodies in serum that are greater than those
elicited by natural infection are the best indicator of long-term pro-
tection against HPV infection. Nevertheless, as cervical cancers typi-
cally occur at the cervical transformation zone, HPV-specific antibodies
need to exudate/transudate from serum in mucosal secretions to pre-
vent new infections, to block re-infection at another site in the cervical,
vaginal or vulvar region, and to stop possible transmission [18].

The purpose of this exhaustive review is to provide an overview of
the published studies that have reported the detection of HPV-specific
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antibodies in CVS, whether or not these are linked to the detection of
serological HPV-specific antibody titres. In addition, we have assessed
how different settings and methodologies contributed to various out-
comes and discussed the potential relevance of mucosal HPV-specific
antibody detection. In this review, we want to assess the current
knowledge to aid future studies investigating mucosal HPV-specific
antibodies to evaluate the immunogenicity of current HPV vaccines and
the impact of altered dosing schemes or new vaccine formulations.

2. Methods
2.1. Search strategy and selection criteria

A review of the literature was performed on March 15, 2019 using
the two main health sciences databases: PubMed (‘All Fields Contain”)
and ISI Web of Science (‘Title/Keywords/Abstracts’) (Fig. 1). In each
database, the following search terms were used: ‘(HPV* OR human
papilloma virus®* OR human papillomavirus* OR cervical cancer OR
cervical cancers OR cervical carcinoma* OR cancer of the cervix OR
cancers of the cervix) AND (mucosal OR cervicovaginal OR cervical
secretion* OR vaginal secretion*) AND (antibod* OR immune globulin*
OR immunoglobulin* OR IgG OR IgA OR immune OR immunity OR
immunologic)’. A prospective protocol was registered on PROSPERO
(identification number CRD42018104963). Studies were eligible for
inclusion if they reported on the detection of HPV-specific antibodies in
female genital mucosal secretions, whether or not these were compared
with the detection of HPV-specific antibodies in serum. The search was
restricted to English language studies that involved human subjects.
The databases were searched starting from the earliest dates. The re-
ference lists of the included articles were explored to identify other
relevant publications. Nevertheless, as with any systematic review, the
search string used for this review strikes a balance between complete-
ness and feasibility. It is inevitable that we missed some relevant re-
search.

2.2. Data extraction, synthesis and presentation of the results

From each eligible article, data related to: (i) study population
characteristics, (ii) the study context, (iii) the CVS collection method,
(iv) the immunoassays used, (v) the HPV-specific antibody concentra-
tion in CVS (and when provided, the associated serum titres) and (vi)
the normalization methods used were obtained. When applicable, other
interesting information that could had an influence on the detection of
HPV-specific antibodies in CVS was also collected. The extracted data
were heterogeneous, and therefore meta-analysis was not feasible.
Narrative reporting was used to describe the data from the studies.

3. Results and discussion
3.1. Search results

The search query identified a total of 1,549 records from PubMed
and the ISI Web of Science (Fig. 1). Within the total records, 348 were
duplicates and were therefore excluded. The remaining 1,201 records
were screened based on the title, abstract, keywords and full-text, if
necessary. Studies were excluded if they mostly concerned: (i) animal
research, (ii) other pathology, (iii) the detection of non-specific HPV
antibodies and (iv) language (to a lesser extent). Ultimately, 44 articles
were included in the full-text analysis. The selected papers were pub-
lished between 1989 and 2018. Evidence regarding HPV-specific anti-
bodies in CVS after natural HPV infection (26/44) [19-44] and HPV
vaccination (18/44) [45-62] was discussed. Most papers reported
paired CVS and serum data (36/44).
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3.2. Evaluation of naturally induced HPV-specific antibodies in CVS

Twenty-six articles were selected that investigated naturally induced
HPV-specific antibodies in CVS. In 18 articles, paired CVS and serum data
was reported. A summary of the articles and their main outcomes are given
in Table 1. Two papers that specifically investigated the reliability and va-
lidity of different CVS collection methods used for the detection of HPV-
specific antibodies are discussed in more detail in section 3.4.1 [27,39].

The included articles reported on antibodies in CVS from patients
with cervical neoplasia and cancer, patients with condylomata, women
with cervical ectopy, and women with normal cervical cytology. Two
studies were included in this review that investigated immune mod-
ulation in CVS after treatment [24,25], and three studies investigated
HPV-specific antibodies in CVS from HIV-infected women [29-31].

3.2.1. Mucosal antibodies against HPV proteins and their impact on HPV-
associated disease

Although small numbers of virions are presumably exposed to the
immune system, local antibodies against different HPV proteins have
been detected in CVS from HPV-infected women. The reported natu-
rally induced HPV-specific antibodies were predominantly type-specific
and directed against the late viral capsid proteins (L1/L2) but also
against 5 non-structural early proteins commonly expressed in disease-
associated HPV infections (E2/E4/E5/E6 and E7). Most studies were
limited only to the measurement of cervical antibodies against HPV16.

It has been suggested that mucosal antibodies may protect against
HPV16 infection and cervical disease [19]. However, although cervical
HPV-specific antibodies from women with active HPV16 infections have
been shown to have some virus neutralizing capabilities [28], in general,
local HPV-specific IgA and IgG presence do not correlate with viral clear-
ance [43] and are not effective in inducing the regression of established
lesions [20]. In contrast, detectable mucosal HPV-specific antibodies reflect
current infection and HPV-associated lesions by concordant HPV types,
respectively [21,23,40,44]. The same results were found for HPV18, al-
though such results were based on only a few studies [32,38,42,44].

As is the case for HPV-specific antibodies in serum, it seems that
there is also a several-month delay between initial cervical HPV in-
fection and the detection of cervical antibodies [26,34]. Persistence of
the IgG over time and the transient nature of the IgA was observed [38].
Most of the local IgA preceded the decline in the systemic presence.

Since the E6 and E7 oncoproteins are involved in tumour growth,
local antibodies against these oncoproteins have been thought to play
an important role in the monitoring of HPV-related cervical cancer
development. However, E6/E7 antibodies were inconsistently detected
and found to be unspecific for the diagnosis and/or prognosis of cer-
vical cancer [25,33,41-43].

In general, if they were detectable, the concentrations of naturally
induced antibodies collected from CVS were low, transient and extremely
variable. For example, although the study of Hagensee et al. (2000) was
longitudinal, the infrequent detection of cervical antibodies (10%) meant
that the kinetics of the cervical humoral immune response against HPV16
could not be analysed in detail [26]. Local HPV-specific IgA and IgG levels
did not correlate with virus clearance, nor did they strongly correlate with
disease course. The results suggest that the measurement of local antibody
production against selected HPV antigens is somewhat useful in the study
of HPV immunology but not in the diagnosis or prognostic prediction of
HPV infection. However, all observations should be interpreted with
caution, as the CVS methods used for the collection, processing and
measurement of HPV-specific antibody concentrations are not standar-
dized and are relatively insensitive due to low signal-to-noise ratios [63].

3.2.2. Low concordance between antibody presence in CVS and serum after
natural infection

Eighteen out of the 26 included studies that investigated naturally
induced antibodies in CVS also provided results regarding serum HPV-
specific antibody titres. However, not all studies tested both types of
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samples with the same substrates or assays. Furthermore, it must be
noted that comparison between different studies was difficult because
of the few numbers of HPV-infected women whose samples had con-
verted (both serum and CVS).

Bontkes et al. (1999) were the first to investigate in more detail the
association between local and systemic antibody prevalence (both IgA
and IgG) against HPV16 VLP. Systemic but not local IgA correlated with
the clearance of HPV16. As the systemic IgA prevalence was not ac-
companied by local IgA, the systemic IgA responses in patients with
HPV16 clearance were suggested to be a by-product of an effective
cellular immune response induced in the local lymph nodes that was
mediated by cytokines. A relatively strong correlation between local
and systemic IgG titres was found [20]. VLP-specific IgG antibodies
detected locally had likely entered the mucosal surface by transudation
from the serum. IgG was often found both locally and systemically at
the same time in HPV16 patients. In some cases, local but not systemic
IgG was detected, suggesting that some local IgG-producing B-cells
must have been present in these individuals. Systemic and local cervical
neutralizing-antibody prevalence was further directly compared by
Mbulawa and colleagues (2008) and were found to not correlate sig-
nificantly within individuals, similar results were obtained by Dreyfus
et al. (1995) [23,31]. Passmore and colleagues (2007) further observed
poor concordance and correlation between cervicovaginal, oral, and
serum IgG and IgA responses to HPV16 [35]. The observations of the
latter studies do not support the idea of a “common mucosal immune
system” or a link between naturally induced HPV-specific antibodies in
the genital tract and the systemic circulation. The variations observed
between the different studies might be due to differences in study po-
pulation characteristics, the collection or analysis methods used.

Overall, the immune profiles did not correlate well between serum
and CVS, necessitating the direct collection of CVS to study cervix-
specific immunity to HPV in natural history studies. In addition, more
studies are needed to determine whether the mucosal immune response
may be more important than the systemic response in determining the
outcome for infections such as HPV.

3.3. Evaluation of vaccine-induced HPV-specific antibodies in CVS

Eighteen publications that reported on 11 studies investigated vac-
cine-induced HPV-specific antibodies in CVS [46-61]. All papers re-
ported paired CVS and serum data. Three papers reported cervical mu-
cosal immune responses after the administration of HPV11 and HPV16
VLPs [50,54,55], nine articles reported responses to the bivalent HPV16/
18 vaccine (Cervarix®, GlaxoSmithKline Biologicals) [51,53,56-62], one
article reported responses to the quadrivalent HPV6,/11/16/18 vaccine
(Gardasil®, Merck) [52], and four articles compared the latter two vac-
cines [46-49]. In addition, one letter to the editor was included [45]. A
summary of the papers and their main outcomes is given in Table 2. All
studies were performed on healthy women.

3.3.1. Vaccine-induced antibody assessment in CVS

The presence of HPV-specific vaccine-induced antibodies at the cer-
vical epithelium was first observed after experimental HPV vaccination
[50,55]. Nardelli-Haefliger et al. (2003) detected high titres of anti-
HPV16-specific IgG antibodies in the cervical secretions of women im-
munized with the experimental HPV16 L1 VLP vaccine [55]. All partici-
pants had detectable titres of anti-HPV16 IgG in their cervical secretions,
which showed promise in terms of vaccine efficacy. In addition, Fife et al.
(2004) investigated two candidate HPV vaccines (HPV16 L1 VLP and
HPV11 L1 VLP vaccine) in a dose-escalation trial. In this study, only half of
the study participants who received the three highest experimental HPV11
vaccine doses had detectable anti-HPV11 titres in their CVS. The propor-
tion of study participants who had detectable antibody titres in CVS was
even lower than that in the HPV16 vaccine study [50]. The dilution factor
resulting from the lavage procedure used in this study could have reduced
the number of study participants with genital tract antibodies compared
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with that found in the study by Nardelli-Haefliger et al. [55]. Additionally,
two studies were identified that investigated CVS antibody titres after
mucosal vaccination (nasal/aerosol/sublingual), which was used as an
alternative to intramuscular immunization [52,54]. However, in contrast
to results in mice [64,65], mucosal vaccination in women was found to be
poorly immunogenic to induce antibodies in CVS.

The majority of identified vaccine studies explored the presence of
HPV-specific vaccine-induced antibodies at the cervix after bivalent
HPV16/18 vaccination. Kemp and colleagues (2008) detected anti-HPV
antibodies at the cervix in women (aged 18-25 years) for up to two years
after the first vaccine dose of the bivalent HPV vaccine. Presence in-
dicated the efficacy of site-specific vaccine-induced immunity [53]. The
same results were found by Scherpenisse et al. (2013) in a younger co-
hort (aged 14-16 years) [57]. Nevertheless, in 10% and 30% of the girls,
Scherpenisse and colleagues were not able to detect HPV16 and 18 an-
tibodies, respectively, in CVS, although the HPV16 and 18 antibody titres
in serum were high. In addition, reduced cervicopositivity compared to
seropositivity was shown in other studies after bivalent HPV vaccination
[51,56,58-61]. Briefly, a pooled analysis of data from four clinical trials
showed that the positivity rates for anti-HPV16 and 18 antibodies in CVS
were 95% and 92%, respectively, at month seven and ranged between
71-100% and 55-100%, respectively, from month 12 through 36 [60].
The study by Petdja et al. (2011) reported data after 48 months and
showed that anti-HPV16/18 antibodies in CVS were still detectable in
subjects aged 15-25 years (in 84% and 70% of subjects for HPV16 and
18, respectively) [56]. The follow-up study by Schwarz et al. (2015)
showed that after six years, serum anti-HPV16/18 titres were still con-
sistently higher in women who had detectable anti-HPV16,/18 antibodies
in CVS [58]. Anti-HPV16 and anti-HPV18 antibodies were detected in
approximately 72% and 54-69% of the CVS samples, respectively. After
ten years of follow-up, anti-HPV16 antibodies were detected in
54%-70% of CVS samples from women, and anti-HPV-18 antibodies
were detected in 35-45% of CVS samples [59]. A downside was that,
only a few CVS samples were collected which were evaluable at the end
of the study by Schwarz et al. (2017). Nevertheless, it is reasonable to
conclude that when antibody titres are reduced or can no longer be de-
tected in serum following vaccination, fewer antibodies will transudate
into CVS to provide protection against HPV at the site of infection.

After natural infection, HPV-specific IgA antibodies were detectable
at the cervix, mainly in women with persistent HPV infections [32,38].
Data regarding IgA antibody responses after vaccination are limited
[51,57] since IgG is the principal antibody class present in the female
genital tract and systemic immunization is known to induce mainly IgG
production [66]. However, HPV16/18-specific IgA responses, although
considerably lower than IgG responses, were reported in CVS after HPV
vaccination in two studies [51,57].

3.3.2. Differences in CVS antibody levels induced by different HPV vaccines

Direct comparison of the clinical trial data for bivalent and quad-
rivalent HPV vaccines from different studies is often not feasible given
the differences in study design and the methodologies used to evaluate
HPV16/18-specific immune responses. Four papers that reported on two
head-to-head studies were identified that investigated the mucosal im-
mune responses to quadrivalent and bivalent vaccines using the same
methodology for the assessment of immune responses and reactogenicity
[46-49].

Einstein et al. (2009) conducted a randomized, observer-blind study
to compare the two vaccines in a single, well-defined population of
healthy women aged 18-45 years [47-49]. The study showed at month
7 and month 48 that a greater proportion of the women who received
the bivalent vaccine had detectable HPV type-specific neutralizing an-
tibodies in CVS than those who received the quadrivalent vaccine.
These findings are consistent with the results found by Draper et al.
(2013) [46]. Nevertheless, further long-term studies are needed to
understand whether the differences in the levels of local immune re-
sponses produced by the vaccines have clinical importance.
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Table 3

Papillomavirus Research 8 (2019) 100185

Correlations between antibody levels in pairs of CVS and serum samples after HPV vaccination.

Study vaccine Study (publication

Number of participants

Measured anti-HPV Correlation between

year) [ref] (total age range) antibody response antibody levels in paired CVS
and serum samples
HPV-16 VLPs Nardelli-Haefliger N =18 (18-45y) HPV-16 (contraceptive p=.86
(2003) [55] group)
HPV-16 (ovulatory group) p=.27
HPV-11 or 16 Fife (2004) [45] N = 249 (18-25y) HPV-11 T=.27
VLPs HPV-16 Not reported
HPV-16/18 Kemp (2008b) N = 50 (18-25y) HPV-16 (ELISA) p=.73
vaccine [53] HPV-16 (SEAP) p=.74
(2HPV) HPV-18 (ELISA) p=.75
HPV-18 (SEAP) p=.64
Schwarz (2010) N = 350 (10-65y) HPV-16 r=.84-.92
[60] HPV-18 r=.90-.91
Petdjd (2011) [56] N = 321 (10-25y) HPV-16 r=.84
HPV-18 r=.90
Scherpenisse N = 1151 (14-16y) HPV-16 IgG p=.58
(2013) [57] HPV-18 IgG p=.50
HPV-16 IgA p=.54
HPV-18 IgA p=.55
Schwarz (2009) N = 531 (15-55y) HPV-16 r=.73-.90
[61] HPV-18 r=.82-.93
Schwarz (2015) N = 488 (15-55y) HPV-16 r=.81-.96
[58] HPV-18 r=.69 - .84
Schwarz (2017) N = 470 (15-55y) HPV-16 r=.64
[59] HPV-18 r=.38
HPV-16/18 Einstein (2009) N = 920 (18-45y) HPV-16 (ELISA) r=.74
vaccine [471,° HPV-16 (PBNA) r=.64
(2HPV) HPV-18 (ELISA) r=.83
HPV-6/ HPV-18 (PBNA) T =.46
11/16/18 Einstein (2011) N =799 (18-45y) HPV-16 (2HPV) r=.91
vaccine [48],° HPV-16 (4HPV) r=.97
(4HPV) HPV-18 (2HPV) r=.96
HPV-18 (4HPV) r=.90
Einstein (2014) N = 524 (18-45y) HPV-16 (2HPV) r=.88
[49],° HPV-16 (4HPV) r=.82
HPV-18 (2HPV) r=.47
HPV-18 (4HPV) r=.66
Draper (2009) N =198 (12-15y) HPV-16 (ELISA) r=.80
[46], HPV-16 (PBNA) r=.73
HPV-18 (ELISA) r=.69
HPV-18 (PBNA) r=.74
HPV31 (ELISA) r=.84
HPV45 (ELISA) r=.71

No correlations were reported by Refs. [51,52,54,62].

@ Since the mechanism of transudation of serum antibodies into the CVS is expected to be the same regardless of the vaccine eliciting the immune response, overall Pearson
correlation coefficients were calculated for each antigen using data for Cervarix® (2HPV) and Gardasil® (4HPV) combined. Abbreviations: p, Spearman correlation coefficient; t,
Kendall's © value; r, Pearson correlation coefficient; SEAP-NA, secreted alkaline phosphatase neutralization assay; PBNA, pseudovirion-based neutralization assay.

To the best of our knowledge, no studies have yet reported the de-
tection of mucosal HPV-specific antibodies: (i) after the current re-
commended 2-dose schedule (0, 6-12 month schedule) in preadolescents,
(ii) in one-dose HPV vaccine trials, (iii) after immunization with the re-
cently licensed nonavalent vaccine (Gardasil9®, Merck), or (iv) after HPV
vaccination administered before or immediately after surgical treatment.
The last case is of particular interest since vaccination before or im-
mediately after treatment could produce a massive number of local anti-
bodies within the basal membrane of the cervical surface. During the re-
generation of the removed tissue, these antibodies could prevent self-
reinfection of the surgical site by blocking virus entry into the basal layers
of uninfected cells, hence preventing disease relapse [67].

3.3.3. Vaccine-induced HPV-specific antibody CVS levels show correlation
with serum levels

Several studies were performed to assess whether serum antibody le-
vels are correlated with levels in the mucosa. In general, studies reported a
moderate to strong correlation between the HPV16 and 18 antibody levels
in serum and CVS, suggesting that vaccine-induced HPV antibodies
transudate from the systemic circulation to the cervical mucosa to provide,
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together with exudated HPV antibodies, protection against HPV infection
(the correlations are shown in Table 3). This hypothesis is supported by
the strong correlation between the levels of antibodies specific for diph-
theria and tetanus toxoid in serum and CVS because these vaccine-induced
antibodies are not produced in the genital matrix [57,68].

3.3.4. Detectable vaccine-induced antibody levels in CVS are lower than
serum levels

The study performed by Nardelli-Haefliger et al. (2003) found that
the levels of cervical HPV16 type-specific antibodies were 0.5-50% of
the systemic levels [55]. In a study by Kemp (2008), cervical antibody
levels were found to be 2-3 logs lower than serum levels [53]. IgG
antibody concentrations detected by Scherpenisse et al. (2013) in CVS
were approximately 2% of the IgG serum antibody concentrations for
both HPV16 and HPV18 [57]. Generally, it is difficult to estimate the
mucosal concentration of HPV-specific antibodies because the method
of recovery mostly leads to a dilution of the original secretion. In ad-
dition, a gradient of decreasing exudate antibody concentration would
be expected with increasing distance from the site of trauma or infec-
tion [69], it is plausible that the concentration of HPV-specific
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antibodies at the site of initial virus deposition, the basement mem-
brane, might approach that of systemic antibodies [53].

Whether the low CVS antibody titres observed in these studies are
sufficient to offer protection at the site of infection is unknown, as the
immune correlate of protection remains to be determined. However,
Longet et al. (2011) showed by in vivo genital HPV pseudovirion chal-
lenge in mice that very low vaccine-derived HPV-specific antibody le-
vels could protect against HPV infection and that these protective an-
tibody levels are far below the detection limits of pseudovirion-based
neutralization assays [69].

3.3.5. Cross-reactive antibodies detectable in CVS

The studies of Draper (2013) [46] and Scherpenisse (2013) [57]
sought to detect antibodies against non-vaccine types elicited by bi- and
quadrivalent HPV vaccination in CVS from vaccinated individuals.
Draper investigated CVS from young women (aged 12-15 years) to de-
tect antibodies against the closely related non-vaccine types HPV31 and
HPV45. All serum samples and the majority of the genital samples were
positive for antibodies against HPV31 and 45 VLPs, and a strong re-
lationship between the levels of HPV31- or HPV45-specific IgG in serum
and in genital samples was demonstrated (Table 3). The titres of serum
antibodies against non-vaccine types were 1% of the titres of antibodies
against vaccine types. Although it is difficult to understand how low
levels of cross-neutralizing antibodies in serum could result in sufficient
levels for protection at the site of infection, the data from Draper et al.
(2013) do at least indicate that such antibodies against HPV31 and
HPV45 are present in CVS. In addition, in the study by Scherpenisse et al.
(2013), a significant increase in the concentrations of IgG antibodies
against five cross-reactive HPV types (HPV31/33/45/52 and 58) in CVS
12 months after vaccination was observed. For the cross-reactive types,
no IgA responses could be detected in CVS by both studies. Notably, all

Papillomavirus Research 8 (2019) 100185

observations should be interpreted with caution, as both studies in-
dicated that the levels of cross-reactive antibodies detected in CVS were
close to or below the limits of detection of the assays used.

3.4. Methods used for HPV-specific antibody detection in CVS

The accurate collection and processing of CVS and the use of ap-
propriate immunoassays are of paramount importance for the reliable
evaluation of local humoral immune responses to HPV infections or
HPV vaccinations. Several different methods were used in the analysed
papers to collect the mucosal samples, extract the antibodies, and
measure HPV antibodies.

3.4.1. CVS collection methods

Measurements of local immune responses at the cervix have been
hampered by the difficulty in the reliable collection of female genital se-
cretions for use in immunological evaluation and the absence of an absolute
method of sampling. In Table 4, an overview is given of the different
methods used to collect CVS. Most CVS samples were collected by cervi-
covaginal lavage, during which the vaginal vault is rinsed with washing
buffer (mostly PBS, ranging from 1 to 20 mL) that is collected, and cervi-
covaginal wicks, which are Sno-strip, Ultracell, Merocel or Weck-cell sponges
that are inserted in the female genital tract and passively absorb CVS.

Despite the fact that there are numerous studies examining local HPV-
specific immunological responses in the female reproductive tract, only
two studies were found that have systematically examined the reliability
and validity of the various CVS collection methods used to detect HPV-
specific antibodies (Table 1) [27,39]. The first study, by Snowhite et al.
(2002), compared cervicovaginal lavage (CVL) with the use of Sno-strips
(SS). Unlike CVL, which collects a diluted admixture of the secretions of
the cervix and vagina, SS collects undiluted cervical secretions. The

Table 4
Overview of different methods used by the selected papers to collected CVS.
CVS collection method Studies Remarks
1/ Wick techniques
Tampon (self-collected) Scherpenisse et al. (2013) [57]
Ultracell sponges Kemp et al. (2008a) [27]
Merocel sponges Kemp et al. (2008a,b) [27,53]; Einstein et al.(2009/2011/2014) [47-49]; Schwarz
et al. (2009/2010/2015/2017) [58-61]; Petijd et al.(2011) [56]
Weck-cel sponges Nardelli-Haefliger et al. (2003/2005) [54,55]
Huo et al. (2012) [52]
Sno-strips Snowhite et al. (2002) [39]; Onda et al. (2003) [34]
Not reported Hagensee et al. (2000) [26]
2/ Aspiration, cervical-vaginal lavage techniques Volume

Collected by PBS
(2010) [32]

Rocha-Zavaleta et al. (2003/2004) [36,37]; Lopez et al. (2008) [28]; Monroy et al. 1mL

Gongalves et al. (2016) [51] 2mL

Snowhite et al. (2002) [39]; Nguyen et al. (2005) [33] 5mL

Tjiong et al. (2000/2001) [41,42] 20mL
Collected by physiologic serum Dreyfus et al. (1995) [23] Not reported
Collected by saline Marais et al. (2000/2009) [29,30] 5mL

Snyder et al. (1991) [40]
Not reported
[24]; Ferreira Costa (2018) [62]

Fife et al. (2004) [50]; Mbulawa et al. (2008) [31]; Ekalaksananan et al. (2014)

Not reported
Not reported

3/ Cytobrush/swab

Device

Swabbing the endocervix
Swabbing ectocervix
Swabbing endo and ectocervix Elfgren et al. (1996) [25]
Veress et al. (1994) [43]
Swabbing endo/ectocervices posterior Sasagawa et al. (2003) [38]
fornix of the vagina
Vaginal swab (self-collected) Draper et al. (2013) [38]

Not reported

Bierl et al. (2005) [19]; Passmore et al. (2007) [35]
Dillner et al. (1993) [22]; Wang et al. (1996) [44]

Dillner et al. (1989) [21]; Bontkes et al. (1999) [20]

Digene sampler, Maryland, USA
Medscand, Mahno, Sweden

Not reported
Netcell Slimpack™ Polyvinyl acetate media;

Network Medical Products, UK
Not reported
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Table 5
Characteristics of different methods used by the different papers to collected CVS.
Characteristics Cervical wick Cervicovaginal lavages Cytobrush/swab
Minimal trauma +/- +
Known dilution of secretions +/- +/-
Minimal dilution of secretions + +
Sufficient material collected +
Ease of collection + +/- +
Self-insertion / self-collection possible + +

Abbreviations: +, good; + /-, moderate.

comparison of paired SS-CVL samples suggested that either collection
method allowed for the reproducible measurement of local antibodies.
However, in general, the immunoglobulin concentrations were 10-fold
higher when using SS, while the average eluted volume was approxi-
mately 10-fold smaller than the average volume recovered from CVL.
Additionally, the relative IgA/IgG ratio was higher for SS than for CVL,
which is reflected in the lack of correlation in IgA levels between CVL and
SS. These findings could reflect local variations at the different sample
sites in the female genital tract in antibody-producing cells, epithelial
receptor-mediated IgA secretion, and the transudation of serum im-
munoglobulins [70]. Secondly, Kemp et al. (2008) [27] evaluated anti-
body recovery using a cellulose-based Ultracell ophthalmic sponge (Ul-
tracell Medical Technologies, Inc., North Stonington, CT) and a polyvinyl
acetate-based Merocel ophthalmic sponge (Medtronic Ophthalmics,
Jacksonville, FL). They demonstrated full neutralizing antibody recovery
from Merocel sponges, while the recoveries from Ultracell sponges were
low and more variable. This difference was explained by the chemical
compositions of the sponges. The poor recovery from the Ultracell
sponges was in contrast with that found during a previous study that
analysed the recovery of cytokines and antibodies from different sponge
materials [71]. However, the Ultracell sponges evaluated in the study by
Castle et al. (2002) were made of polyvinyl alcohol, in contrast to the
cellulose-based Ultracell sponges used in the study by Kemp et al. (2008).

In general, it appears that when dilution of the sample may hamper
antibody detection, wicks would provide a valuable alternative collec-
tion method. However, the use of such devices should in no way da-
mage the cervical mucosa. Although reported as non-invasive, the ap-
plication of sponges at the cervix may induce microtraumas.
Hildesheim et al. (1998), for example, reported visible bleeding in 25%
of cases [72,73]. Likewise, almost half of all CVS samples collected in
the study by Schwarz (2010) were not suitable for analysis, mainly due
to blood contamination [60]. The characteristics of the different col-
lection methods used are summarized in Table 5.

In two studies, CVS was self-sampled (by a tampon [57] and a vaginal
swab [46]). The subjects in the study by Scherpenisse et al. (2013) reported
that the use of a tampon as a collection method was easy and comfortable.
To the best of our knowledge, no studies have yet explored the use of a
Softcup, although in other research areas, compared to lavage, the cervical
Softcup method resulted in a 13-fold higher level of total IgG [74,80].
Furthermore, no studies were found that investigated HPV-specific anti-
bodies in (first-void) urine. However, our research group recently pub-
lished that vaccine-induced HPV-type restricted antibodies can be detected
in first-void urine and correlated with paired serum levels [75]. Although
the inclusion of pre-teenage girls and young adolescents was considered,
this was not reasonable in several studies that involved a speculum exam
for CVS collection. Because of this, self-sampling and non-invasive urine
collection, which is feasible for (young) girls, could provide a good alter-
native for cervicovaginal sampling. In addition, this could increase study
participation rates and guarantee the avoidance of microtrauma.

3.4.2. Immunoassays used for HPV-specific antibody detection in CVS
Several assays have been developed to monitor antibodies to HPV

(reviewed in Ref. [76]). In Table 6, an overview is given of the im-

munoassays used within the included papers. Early studies of the
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mucosal responses to HPV infection used either bovine papillomavirus or
a denatured HPV protein as an antigen, which made the interpretation of
the results of these studies difficult. Currently, the pseudovirion-based
neutralization assay (PBNA) is the “gold standard” for the detection of
antibody responses to HPV. Nevertheless, most mucosal antibody re-
sponses in the selected studies were determined by VLP-based ELISAs.
Neutralizing and non-neutralizing antibodies detected in VLP-based as-
says are mainly type-restricted and directed against conformational
epitopes. In contrast to VLP-based ELISA, the pseudovirion-based neu-
tralizing assay used in seven of the included papers detects neutralization
activity, which may be a more relevant measurement of titers in pro-
phylactic vaccine studies [27,31,46,47,49,52,53]. However, Kemp et al.
(2008) observed a high correlation in women vaccinated with the
HPV16/18 vaccine when CVS anti-HPV16/18 antibodies were measured
by direct ELISA and PBNA. These results, combined with the higher re-
producibility and simplicity of ELISA, suggest that ELISA is a good sur-
rogate assay to measure neutralizing activity [53]. The variations in the
VLP-ELISA assay in the different studies could be accounted for by the
origin of the produced VLP and the different purification systems used.

Most studies used only centrifugation as a purification step before
antibody detection. This is remarkable given the low levels of HPV-
specific antibodies measured in CVS. However, three studies were
identified that explored the effect of an extra purification step on HPV-
specific antibody detection [28,41,42].

To distinguish a specific antibody response from background noise,
several studies compared the results to those obtained in HPV-naive per-
sons without prior HPV infection. Sera from young children (virgin girls)
could be used for such a study, yet CVS collection from young children is
unethical. Therefore, different arbitrary cut-offs were established.

Inherent differences in the types of antibody responses measured, the
lack of standardized reagents and the lack of uniform methods to es-
tablish cut-off values have made comparisons between assays difficult.
Although an international initiative has been launched for standardizing
and harmonizing serological assays used for HPV antibody testing [76],
until now, no accessible, uniform, and standardized assays, reagents, and
procedures to measure HPV-specific antibodies in serum and CVS have
been available. However, these are essential to ensure data quality and
allow the comparison of results from different studies and vaccines.

3.5. Possible factors affecting antibody detection in CVS

Mucosal samples are challenging for the measurement of antibodies
because of the low levels of antibodies present in genital secretions as
well as the presence of interfering components. In sharp contrast to
serum, CVS exhibit several characteristic features that must be con-
sidered in the collection and measurement of HPV-specific antibodies.
Various factors were found to significantly interfere with im-
munoglobulin measurement at the cervix.

3.5.1. Influence of the menstrual cycle and oral contraceptives

In contrast to IgA in other mucosal departments, IgG is the domi-
nant mucosal antibody within the female genital tract. However, the
female genital tract also differs as it is affected by the menstrual cycle,
which creates variations in the amounts of mucosal antibodies and
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Table 6

Immunoassays used in selected papers to detected HPV-specific antibodies in CVS.

Papillomavirus Research 8 (2019) 100185

Detection method

Studies

Cervical HPV-specific antibodies detected
(reported antibody class)

Neutralizing assays

SEAP-NA

PBNA

VLP-based assays

Kemp et al. (2008a) [27]

Kemp et al. (2008b) [53]

Mbulawa et al. (2008) [31]
Einstein et al. (2009/2014) [47,49]
Huo et al. (2012) [52]

Draper et al. (2013) [46]

nAb-HPV16/18
nAb-HPV16 V5 mouse
nAb-HPV16 (IgG/A)
nAb -HPV16/18
nAb-HPV16
nAb-HPV31/45

HPV VLP ELISA

VLP-based multiplex immunoassay

Nardelli-Haefliger et al. (2003) [55]
Fife et al. (2004) [50]
Nardelli-Haefliger et al. (2005)
Kemp et al. (2008a)

Einstein et al. (2009/2011/2014)
Petdjd et al. (2011)
Rocha-Zavaleta et al. (2003)
Passmore et al. (2007)

Mbulawa et al. (2008)

Huo et al. (2012)

Draper et al. (2013)

Schwarz et al. (2009/2010/2015/2017)

Monroy et al. (2010)
Bontkes et al. (1999)
Marais et al. (2000,2009)
Elfgren et al. (1996)

Bierl et al. (2005)
Sasagawa et al. (2003)
Gongalves et al. (2016)
Ferreira Costa et al. (2018)
Scherpenisse et al. (2013)

anti-HPV16 (IgG)
anti-HPV11/16 (IgG/A)
anti-HPV16 (sIgA, 1gG/A)
anti-HPV16/18 (IgG)
anti-HPV16/18 (IgG)
anti-HPV16/18 (IgG)
anti-HPV16 (sIgA/G)
anti-HPV16 (IgG/A)
anti-HPV16 (IgG/A)
anti-HPV6/16/18 (IgG/A)
anti-HPV16,/18/31/45
anti-HPV16/18 (IgG)
anti-HPV16/18 (IgA)
anti-HPV16 (IgG/A)
anti-HPV16 (IgG/A)
anti-HPV16 (IgA)
anti-HPV16 (IgG/A)
anti-HPV16,/18/31/45 (IgA/G)
anti-HPV 16/18 (IgG/A)
anti-HPV VLP (IgG/A)
anti-HPV16/18/31/33/45/52/58 (1gG/A)

Oligopeptide ELISA

Synthetic peptide based

Purified BPV-ELISA

Snyder et al. (1991)
Dillner et al. (1993)
Dreyfus et al. (1995)
Elfgren et al. (1996)

Veress et al. (1994)
Rocha-Zavaleta et al. (2004)
Nguyen et al. (2005)

Tjiong et al. (2001)

Wang et al. (1996)
Snowhite et al. (2002)

Onda et al. (2003)

Dillner et al. (1989;1993)

anti-HPV16 L1/E4

anti-HPV16 L1/L2/E2/E7 (IgA/G)
anti-HPV16 E2 (IgG/A)

anti-HPV16 E2/E7/L1/L2; HPV6 L1; HPV16/
18 peptide 245 (IgA/G)

anti-HPV16 E2/E7/L1/L2 HPV11 L2 (sIgA)
anti-HPV16 L1 (IgA)

anti-HPV16 E7 (IgG/A)

anti-HPV16/18 E6/E7 (IgG)
anti-HPV16,/18/33 L1 (IgA)
anti-HPV6/11/16/31/45 L1 (IgG/A)
anti-HPV16 L1 (IgA)

anti-PV (IgA/G)

Competitive Luminex immunoassay

HPV16 luminescence immunoassay (LIA)

Hagensee et al. (2000)

anti-HPV16 (IgG/(s)IgA)

Other

Radioactive immunoprecipitation assay (RIPA)

Inhibition assay, using HPV16 VLP and heparan sulfate proteoglycan-coated plates and
pseudo infection systems, using HPV16 pseudovirions

Western blotting using HPV16 L1 protein from VLP16 (Kim et al., 2010)

Tjiong et al. (2000)
Lopez et al. (2008)

Ekalaksananan et al. (2014)

anti-HPV16 E7 (IgG)
anti-HPV16 (IgG/A)

anti-HPV16 L1 (IgG/A)

Abbreviations: SEAP-NA, Secreted Alkaline Phosphatase Neutralization Assay; PBNA, Pseudovirion-based Neutralization Assay; VLP, virus-like particles; BPV, Bovine

papillomavirus; RIPA, Radioactive immunoprecipitation assay.

cervical secretions produced [77,78]. Nardelli-Haefliger et al. (2003)
found that the cervical titres of HPV-specific IgG and total human IgG
and IgA in an ovulating group varied during the menstrual cycle and
decreased approximately nine-fold during ovulation. Kemp et al. (2008)
found similar lower CVS IgG measurements mid-cycle based on a small
number of observations [53]. The decrease in vaccine-specific antibody
concentration during ovulation might represent a protective me-
chanism that reduces the levels of anti-sperm antibodies in the female
genital tract at a time when conception is most likely to occur [79].
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Although the evidence indicates there are hormone-dependent
variations in antibody levels, most studies did not take the menstrual
cycle into account when sampling. However, most studies did not
sample during menses to avoid blood contamination. Hence, the pro-
portion of positive CVS samples may be underestimated if secretions are
collected at random points in the cycle.

Nardelli-Haefliger et al. (2003) also examined whether contra-
ceptives affected the immune response in women vaccinated with the
HPV16 VLP vaccine. After vaccination, the cervical titres of HPV-specific
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IgG and total human IgG and IgA in the contraceptive group were rela-
tively constant throughout the menstrual cycle. It is therefore suggested
that endogenous sex hormones are primarily responsible for the antibody
concentration in the female genital tract [55]. Scherpenisse et al. (2013)
did not find an difference between non-oral contraceptive (OC) users and
OC users in vaccine-derived HPV16 and 18 antibody levels one year after
the first HPV vaccination, even when the levels were normalized to the
total amount of IgG [57]. Kemp et al. (2008) also observed that OC use
was not an important modifier of the correlation observed between
serum and CVS measurements, which appears contract the data obtained
by Nardelli-Haefliger et al. [53] (Table 3). Consequently, the influence of
oral contraceptives on HPV-specific antibodies in CVS is still debatable,
and further studies are needed.

3.5.2. Influence of blood contamination

As high antibody levels are present in serum, even small traces of
blood could contribute considerably to the antibody levels in CVS. CVS
samples in most studies were collected regardless of the day of the
menstrual cycle, but samples were generally not collected during men-
struation to avoid blood contamination. The levels of blood were mea-
sured by a Haemastix™ test, although less stringent exclusion criteria
were also used, such as visible blood staining in CVS samples [29,30].

Blood contamination in CVS could be due to many factors: infection,
lesion (HPV-related or not), menstruation, or the sampling method it-
self. Most studies ensured that contamination with serum of systemic
origin was minimized to ensure that true mucosal immune responses
were measured. It should be noted, however, that it is important to
discern between the sources of blood in secretion collections, since
induced bleeding should be avoided, while bleeding that is not induced
by the collection instrument is a natural phenomenon at the cervix and
therefore an important route for the exposure of the cervix to immune-
related factors [72,73].

3.5.3. Influence of age

It was expected that post-menopausal women would produce less
CVS in their genital tracts because of decreased oestrogen production
[55,61]. However, the results of Schwarz et al. (2010) confirm that the
correlation between serum and CVS anti-HPV antibody levels is in-
dependent of age, with high correlations observed in all age groups
after vaccination. A high correlation between CVS and serum antibodies
in the 46- to 55-year-old age group was also found by Kemp et al.
(2008) [53]. These results indicate that serum IgG antibodies likely
transudate into the cervical epithelium regardless of age to confer site-
specific immunity at the cervix. However, further studies are required
to confirm these findings.

3.5.4. Normalization methods for measuring HPV-specific antibodies in
CVsS

In this review, several studies have presented the levels of HPV-
specific antibodies in a normalized form to correct for differences in the
techniques used to obtain the mucosal samples and subtle changes due
to hormonal or environmental influences. The most frequently used
method of normalization was to calculate the ratio of the HPV-specific
IgG titre divided by the total human IgG concentration in CVS. In ad-
dition, normalization was also performed based on the amount of total
protein [26,29,30,32,38,39] and according to differences in specimen
weight/volume pre- and post-sampling to estimate the dilution factor
[46,53,55,61]. However, in several studies, normalized and un-
normalized values resulted in similar response rates, so the uncorrected
values were used in the final analysis, and the normalization procedure
was not performed in further studies based on prior results
[20,26,34,53,57].

In the study by Elfgren and colleagues (1996), in addition to the
levels of total immunoglobulin, the cervical mucus samples were also
analysed for the presence of IgA against Epstein-Barr virus, which is a
ubiquitous virus that can also infect the cervix [25].
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4. Conclusion

HPV infects and propagates in cervical mucosal epithelium. Hence,
it is important to have appropriate tools to monitor and measure mu-
cosal antibodies in addition to systemic antibodies against HPV infec-
tion and vaccination. The aim of this review was to provide an overview
of published studies reporting the detection of HPV-specific antibodies
in CVS whether or not this was linked to the detection of HPV-specific
antibodies in serum. Although considerably lower in quantity than
systemic antibodies, studies have shown that HPV-specific antibody
detection in CVS is feasible. However, the high variability of published
observations and the lack of a strictly uniform, well-validated method
for the collection, isolation and quantification of HPV-specific anti-
bodies at the cervix indicates the need for specific methods that can
improve and standardize detection. Furthermore, heterogeneity in ab-
sorbed and extracted sample volumes requires normalization to allow
valid inter-individual comparisons.

The levels of naturally induced HPV-specific antibodies in CVS were
very low and near the detection limits, indicating that antibody mea-
surements in CVS in a non-vaccinated population might be challenging.
The extreme variation observed may reflect differences in collection
techniques or the study populations. This creates difficulties for inter-
preting published results to elucidate the local immune responses to
HPV. Further examinations of naturally developed antibodies with
more sensitive assays may provide additional insight into the strengths
and limitations of the natural immune response to HPV.

Intramuscular immunization with HPV vaccines was shown to be
highly effective at inducing both serum and mucosal antibodies.
Furthermore, the moderate to strong correlation of HPV-specific anti-
body levels in serum and CVS suggests that vaccine-induced HPV an-
tibodies exude/transudate from the systemic circulation to the cervical
mucosa to provide protection against HPV infection. However, more
studies are needed to reveal how the correlations among mucosal an-
tibodies, serological antibodies, and HPV infection and disease are in-
volved with physiological disease progression and immune prevention
mechanisms. Furthermore, it is not known whether or how local im-
munity at the cervix affects the long-term duration of HPV vaccine ef-
ficacy. Additional longer-term efficacy studies should help to clarify
whether serum antibody levels and/or cervical antibody levels are the
primary correlate of vaccine efficacy.
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