
CLINICAL AND DIAGNOSTIC LABORATORY IMMUNOLOGY, May 2003, p. 431–438 Vol. 10, No. 3
1071-412X/03/$08.00�0 DOI: 10.1128/CDLI.10.3.431–438.2003
Copyright © 2003, American Society for Microbiology. All Rights Reserved.

Human Papillomavirus-Specific Antibody Status in Oral Fluids
Modestly Reflects Serum Status in Human Immunodeficiency

Virus-Positive Individuals
Jennifer E. Cameron,1 Isaac V. Snowhite,1 Anil K. Chaturvedi,2 and Michael E. Hagensee1,3,4*

Department of Microbiology, Immunology, and Parasitology,1 Department of Medicine,3 and Stanley S. Scott Cancer Center,4

Louisiana State University Health Sciences Center, and Department of Epidemiology, Tulane University
School of Public Health and Tropical Medicine,2 New Orleans, Louisiana

Received 6 August 2002/Returned for modification 26 November 2002/Accepted 22 January 2003

Serological assays are valuable tools for studies of the epidemiology of human papillomaviruses (HPVs). The
efficacy of a less invasive oral-fluid assay for detection of HPV antibodies was examined. Matched serum, saliva,
and oral mucosal transudate (OMT) specimens collected from 150 human immunodeficiency virus-seropositive
patients were tested for immunoglobulin G antibodies against HPV-6 and HPV-11 combined (HPV-6/11) and
HPV-16 capsids. Antibodies to HPV were detected in both types of oral specimens. Seroprevalence rates were
55% for HPV-6/11 and 37% for HPV-16, whereas oral prevalence rates were significantly lower (for HPV-6/11
in saliva, 31%, and in OMT, 19%; for HPV-16 in saliva, 19%, and in OMT, 17%). HPV antibody detection in
OMT more accurately reflected the presence of antibodies in serum than did HPV antibody detection in saliva.
More stringent saliva assay cutpoints yielded stronger associations between oropositivity and seropositivity;
less stringent OMT cutpoints yielded stronger associations between oropositivity and seropositivity. Although
HPV antibodies were detected in oral fluids, further optimization of the assay is necessary before oral-fluid
testing can be implemented as a reliable alternative to serum testing for HPV.

Human papillomavirus (HPV) infection is the most common
viral sexually transmitted disease. Infection with low-risk HPV
types is associated with genital warts, while infection with high-
risk HPV types is associated with anogenital malignancies (43).
Research on HPV has been hindered by the difficulties en-
countered in establishing culture systems for the virus. To
circumvent this problem, researchers have produced viral cap-
sids of various types of HPV in vaccinia virus, yeast, and bac-
ulovirus expression systems (21, 24, 29, 44). These viral capsids
appear identical to natural viral capsids (19) and have been
used extensively in serological assays. The serological response
(mainly immunoglobulin G [IgG]) persists over time and is as-
sociated with the cumulative number of sex partners over a life-
time and not with the recent number of sex partners. Therefore,
seropositivity is thought to be a marker of past infection (10).

The persistence and type specificity of the serological re-
sponse to HPV has made HPV serology a useful epidemiolog-
ical tool. By using serological assays, researchers have been
able to follow trends in HPV infection rates in various popu-
lations and to establish risk factors for HPV infection and
HPV-related disease (6, 20, 28, 41). Unfortunately, serological
assays require the invasive procedure of venipuncture. An at-
tractive alternative to venipuncture is oral sampling, which
provides the advantages of convenience, prevention of acci-
dental transmission of blood-borne pathogens, the ease of use
in pediatric and geriatric populations, and the potential for
self-testing by patients in their own homes (15).

Saliva has frequently been used as a specimen for antibody

detection due to the ease and simplicity of its collection. Anti-
bodies to Helicobacter pylori, Schistosoma mansoni egg antigen,
Epstein-Barr virus, and human immunodeficiency virus (HIV)
have been detected in saliva specimens (2, 8, 12, 33, 38, 45, 52,
55); however, saliva may be less than ideal for antibody detec-
tion. Saliva contains salivary gland secretions as well as sloughed
cells, bacteria, mucin, and mucosal transudate (13). Bacteria
produce proteases that can degrade the antibodies present in
the sample, and mucins make saliva difficult to pipette (13).

An alternative to saliva is oral mucosal transudate (OMT),
an IgG-rich serous fluid that seeps across mucosal surfaces in
the oral cavity (13). OMT can be collected with the OraSure
device (OraSure Technologies, Inc.), which consists of a pad
designed to enhance the flow of serum transudate through the
gums and a transport vial containing a medium supplemented
with antibacterial agents to inhibit growth of oral flora dur-
ing transport. Antibodies to HIV can be assayed by using the
OraSure collection device, and these antibodies reflect serum
antibody status (13). The OraSure specimen has also been used
to measure antibodies to parvovirus B19 and hepatitis A, B,
and C viruses (9, 51). Antibodies to HPV have previously been
detected in OMT (36).

The purpose of this study was to examine the efficacy of an
oral-specimen assay for HPV antibodies as a noninvasive al-
ternative to serological testing. HIV-positive individuals were
chosen to participate in this study due to the higher HPV in-
fection rates in this population (34, 48, 49). We demonstrate
that HPV-specific IgG antibodies are detectable in oral fluids
and that their presence weakly correlates with the presence of
antibodies in serum. Further development of this oral-fluid
HPV antibody assay could lead to a safe, noninvasive epide-
miological tool for the study of HPVs.

(A portion of this work was presented previously [J. E.
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MATERIALS AND METHODS

Patient population and study design. Study participants were men and women
receiving routine blood draws at the HIV outpatient program at the Medical
Center of Louisiana, New Orleans. The study protocol was approved by the
Institutional Review Board of the Louisiana State University Health Sciences
Center prior to initiation. Informed consent was obtained followed by collection
of (i) whole saliva (participants were asked to expectorate approximately 5 ml of
saliva), (ii) OMT (collected by holding the OraSure swab between the buccal
mucosa and gingiva for approximately 2 min), and (iii) one tube of venous blood.
A total of 150 subjects were enrolled in the study. The majority of the population
was African American (59%), male (72%), and over the age of 35 years (63%).

In order to determine optimal collection, processing, and testing protocols for
the detection of HPV antibodies in oral specimens, two study cohorts were
established. Subjects in the first cohort (n � 100) were instructed to provide the
saliva sample first, followed by passively holding the OraSure pad between the
cheek and gums for approximately 2 min. The samples were frozen at �20°C
immediately upon arrival at the laboratory and were thawed and processed just

before testing. Subjects in the second cohort (n � 50) were instructed to vigor-
ously rub the gums with the OraSure pad first and then to hold it passively
between the cheek and gums for approximately 2 min. Subjects were asked to
provide the saliva specimen following collection of the OMT specimen. The
samples were processed fresh and then frozen at �20°C until tested.

FIG. 1. Correlations between oral-specimen adj OD values and serum adj OD values for the first cohort. Adj OD values were treated as
continuous variables, and paired samples were compared by using the Pearson correlation coefficient (r statistic). (A) HPV-6/11, saliva versus
serum; (B) HPV-6/11, OMT versus serum; (C) HPV-16, saliva versus serum; (D) HPV-16, OMT versus serum.

TABLE 1. Comparison of OMT and saliva samples

Cohort and
sample Vol (ml)a Protein concn

(mg/ml)a
Total IgG

concn (�g/ml)a
Heme

content (%)b

First
OMT 1.0 (0.5–1.5) 3.44 (0.8–14.5) 14.4 (1.4–63.4) 1.2 (43)
Saliva 2.5 (0.1–12.5) 6.31 (0.9–40.0) 1.1 (0–9.9) 2.0 (61)

Second
OMT 1.2 (0.5–1.75) 4.77 (2.0–13.0)c 25.2 (1.0–262.3)c 1.8 (72)c

Saliva 3.2 (1.0–7.5) 2.33 (0–8.6)c 1.2 (0–3.2) 2.8 (98)c

a Mean values (ranges) of sample characteristics for oral specimens are shown.
b Mean Hemastix scores (0 to 4) are given, followed by the percentages of

samples that were positive (score � 0).
c Second cohort values (n � 50) that were statistically different from those for

the first cohort (n � 100) (P � 0.05).
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Sample processing. Blood tubes were centrifuged at 2,400 � g in a clinical
centrifuge, and sera were aliquoted and stored at 4°C until testing at a later date.
Saliva was centrifuged at 1,800 � g for 5 min at 4°C, and supernatants were
collected. OraSure collection devices were centrifuged at 2,400 � g in a clinical
centrifuge for 20 min to draw the OMT fluid from the collection pad.

Sample analysis. Total volumes were recorded for oral samples (OMT and
saliva) after processing. Oral samples were tested for total protein concentration
by using a bicinchoninic acid protein concentration assay (Pierce) in accordance
with the manufacturer’s protocol. The protein concentration of samples was
determined by using standard curves derived from the means of duplicate wells
of standard dilutions. Each plate of samples was analyzed against duplicate
standards tested on the same plate. The blood content of oral samples was
assessed by measurement of heme with Hemastix (Bayer Corp.) detection strips,
and results were recorded on a scale from 0 (negative) to 4 (highly positive).

Total IgG. Oral samples were tested for total IgG concentration by capture
enzyme-linked immunosorbent assay (ELISA). Immulon-2 microtiter plates
(Dynex Technologies) were coated with goat anti-human whole-molecule IgG at
5 �g/ml (Sigma Diagnostics, Inc.) overnight. The plates were washed with phos-
phate-buffered saline (PBS) and blocked with PBS plus 10% goat serum. Sam-
ples were added in triplicate at appropriate dilutions (saliva, 1:10; OMT, 1:100)
in blocking buffer and incubated for 1 h at 37°C. The plates were washed, secondary
antibody (goat anti-human whole-molecule IgG conjugated to horseradish peroxi-
dase; Sigma) was added at a dilution of 1:30,000 in blocking buffer, and the plates
were incubated for 1 h at room temperature. The plates were washed and de-
veloped with Sigmafast OPD (o-phenylenediamine dihydrochloride) (Sigma) for
15 min, the reaction was stopped with 1 N H2SO4, and absorbance was read on
an ELISA plate reader (Bio-tek Instruments, Inc.) at 450 nm. The median value
of results for the three replicates of each sample was used to calculate the
concentration based on the standard curve.

HPV-specific antibodies. Sera and oral fluids were tested for IgG antibodies to
HPV types 6 and 11 combined (HPV-6/11) and for HPV type 16 (HPV-16) by
type-specific capture ELISA (17). Briefly, Immulon-2 microtiter plates were

coated with monoclonal antibody (H11.B2 for the HPV-6/11 assay and H16.V5
for the HPV-16 assay, graciously provided by N. Christensen, Pennsylvania State
Medical Center, Hershey) optimally diluted in 0.9 M sodium carbonate buffer
(pH 9.5) and incubated overnight at room temperature. The plates were washed
with PBS and blocked for 1 h with Tris-buffered saline plus Tween plus 10% goat
serum. HPV-6/11 or HPV-16 capsids produced in vaccinia virus expression sys-
tems (21) were added at optimal dilutions in PBS (for HPV-6/11, capsid dilution
was optimized separately and the capsids were combined) (46) and incubated for
1 h at room temperature. The plates were again washed, samples were added at
appropriate dilutions in blocking buffer (serum, 1:100; OMT, 1:2 or undiluted in
first and second cohorts, respectively; saliva, undiluted), and plates were incu-
bated for 1 h at 37°C. The plates were washed, and secondary antibody (goat
anti-human IgG � chain conjugated to alkaline phosphatase, [Boehringer Mann-
heim]) was added at a 1/1,000 dilution in blocking buffer for 1 h at 37°C. The
plates were washed and developed with phosphatase substrate (Sigma Diagnos-
tics, Inc.) for 30 min, the reaction was stopped with 1 M NaOH, and absorbance
was read at 405 nm with an ELISA plate reader. Titers in serum were determined
in much the same way except that serial (twofold) dilutions of serum samples
were applied to plates after capsids were added to all wells.

HPV antibody reactivities for serum, saliva, and OMT samples was deter-
mined as follows. For each sample, the natural log of the median optical density
(OD) value of three wells lacking capsids (background) was subtracted from
the natural log of the median OD value of three wells containing capsids, thus
yielding an adjusted OD (adj OD) value. A positive reaction was determined by
comparing the specimen’s adj OD value to a determined cutpoint. Cutpoints for
serum assays were derived from the adj OD value of sera from children under the
age of 10 years with no history of sexual activity. Patients were considered HPV
seropositive if the adj OD values of their sera were greater than 2 standard
deviations above the mean of the adj OD values of the children’s sera, and by this
method all values for children’s samples fell below the cutpoint value. Cutpoints
for oral samples were determined by using the adj OD values of oral samples
collected from children under the age of 10 years. Oropositivity was defined by

FIG. 2. Correlations between oral-specimen adj OD values and serum adj OD values for the second cohort. (A) HPV-6/11, saliva versus serum;
(B) HPV-6/11, OMT versus serum; (C) HPV-16, saliva versus serum; (D) HPV-16, OMT versus serum.
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an adj OD value greater than 2 standard deviations above the mean of the adj
OD values of the children’s oral samples, with those children’s samples falling
above this cutpoint being excluded and the cutpoint being recalculated (4, 22, 34,
35, 37, 54). When no negative control population was available, arbitrarily se-
lected cutpoints were used to determine oropositivity (7, 11, 14, 49, 53). Other
approaches for determining assay cutpoints for oral specimens were examined,
including mathematical modeling, with the assumption that the adj OD values
would fall into two groups, defined as oropositive and oronegative, and a mod-
ified receiver operator curve approach (23, 40, 47). Serum antibody titers were
determined by graphing the OD values obtained for each individual’s dilution
curve and assessing the area under this curve with GraphPad Prism software.

Statistical analysis. Student’s t test was used to compare mean volumes and
the protein, heme, and IgG contents of different types of samples and between
sample groups. Chi-square analysis was used to compare HPV oropositivity
(determined by the arbitrary cutpoint of 0.100) to sample volume, protein con-
centration, blood content, and total IgG concentration. The kappa statistic (	)
was calculated to determine the association between HPV oropositivity and
seropositivity for each subject by using a variety of oral-sample cutpoints. A
Pearson correlation coefficient (r) was used to examine correlations between
serum OD values and oral-sample OD values for individual subjects and to
examine correlations between titers in serum and oral-sample OD values.

RESULTS

Characterization of oral specimens. The oral specimens (sa-
liva and OMT) were analyzed for total volume, protein con-
tent, heme content, and concentration of total IgG antibodies
in order to define the differences between saliva and OMT.
The OraSure device yielded an average volume of 1.12 ml,
while an average of 2.73 ml of saliva was obtained (P �
0.0001). Heme was detected in 89% of saliva samples com-
pared to 60% in OMT samples (P � 0.0001). While saliva
samples contained a slightly higher average protein concentra-
tion than OMT samples (4.9 and 3.9 mg/ml, respectively; P �
0.04), OMT samples contained higher average quantities of
total IgG than did saliva samples (16.16 and 1.1 �g/ml, respec-
tively; P � 0.0001).

Analysis of collection and processing protocols. Sample
characteristics of the two cohorts were compared in order to
determine which protocol yielded the best samples, particu-
larly the best OMT samples, for antibody detection assays
(Table 1). OMT specimens in the first cohort contained 3.44
mg of total protein per ml, while OMT specimens in the second
cohort contained 4.77 mg of total protein per ml (P � 0.001).
Although not significant, the average total IgG concentration
in OMT specimens of the second cohort was 25.2 �g/ml com-
pared to 14.4 �g/ml in OMT specimens of the first cohort. In
addition, 72% of OMT samples in the second cohort contained
detectable heme compared to 43% of samples in the first
cohort (P � 0.05).

Ability of HPV capture ELISA to detect spiked HPV-16
antibodies in oral specimens. In order to make certain that nei-
ther the OraSure transport medium nor saliva would inhibit
the ability of the HPV capture ELISA to detect HPV antibod-
ies, OraSure transport medium and saliva were spiked with
serum known to be highly reactive for antibodies to HPV-16. A
twofold dilution series of the serum in blocking buffer was
tested alongside a dilution curve of the spiked oral fluids. Nei-
ther OraSure transport medium nor saliva inhibited the ability
of the ELISA to detect HPV antibodies (data not shown).

HPV-specific IgG detection in an HIV-positive population.
Serum, saliva, and OMT samples were tested for HPV-6/11-
and HPV-16-specific IgG. Results for the two cohorts are pre-
sented separately. With the data set treated as a continuous

variable, for the first cohort, the adj OD of saliva correlated
with the adj OD of serum for HPV-6/11 (P � 0.002) and
HPV-16 (P � 0.01) (Fig. 1A and B). The adj OD of OMT
correlated with the adj OD of serum for HPV-6/11 (P � 0.01)
but not for HPV-16 (P � 0.45) (Fig. 1C and D). For the sec-
ond cohort, the adj OD of saliva correlated with the adj OD
of serum for HPV-6/11 (P � 0.01) but not for HPV-16 (P �
0.06). The adj OD of OMT correlated with the adj OD of
serum for HPV-6/11 (P � 0.001) and HPV-16 (P � 0.001)
(Fig. 2).

Various methods for determining antibody reactivity cut-
points were examined in order to optimize data interpretation
and analysis for oral specimens. By using a histogram tech-
nique, it was found that two distinct populations could not be
readily distinguished (data not shown).

Seropositivity was then determined by using cutpoints de-
rived from a negative control population, while oropositivity

FIG. 3. Prevalence of HPV-6/11- and HPV-16-specific IgG in se-
rum and oral specimens. (A) Prevalence of HPV antibodies in samples
from the first cohort (unstimulated OMT, n � 100); (B) prevalence of
HPV antibodies in samples from the second cohort (stimulated OMT,
n � 50). Seropositivity was defined by a negative control population.
Oropositivity was defined by the arbitrarily selected cutpoint of 0.100.
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was determined by using the arbitrarily assigned cutpoint of
0.100. In the first cohort, 51% of the subjects were seropositive
for HPV-6/11 and 43% were seropositive for HPV-16. When
saliva samples were used, 25% of subjects were oropositive for
HPV-6/11 and 17% were oropositive for HPV-16. When OMT
samples were used, 13 and 21% were oropositive for HPV-6/11
and HPV-16, respectively (Fig. 3A). In the second cohort, 64%
were seropositive for HPV-6/11 and 24% were seropositive for
HPV-16. When saliva samples were used, 44% were oroposi-
tive for HPV-6/11 and 24% were oropositive for HPV-16.
When OMT samples were used, 31 and 9% were oropositive
for HPV-6/11 and HPV-16, respectively (Fig. 3B).

With the above-determined cutpoints, 	 was used to exam-
ine the associations between oropositivity and seropositivity. A
	 value between 0 and 0.40 reflects poor or marginal agree-
ment between the specimens, 0.40 � 	 � 0.75 reflects good
agreement, and a 	 of �0.75 reflects excellent agreement (3).
Oropositivity was not associated with seropositivity for either
HPV-6/11 or HPV-16 in the specimens collected in the first
cohort (all 	 values were �0.10). For the second cohort,
oropositivity based on saliva samples was not associated with

seropositivity for either virus type; oropositivity based on OMT
samples, however, more accurately reflected seropositivity for
HPV-6/11 (	 � 0.35) and for HPV-16 (	 � 0.49). Due to the
improved association between oropositivity and seropositivity
in the second cohort, further cutpoint analysis was restricted to
this cohort.

To determine a more accurate cutpoint for oral-fluid assays,
saliva and OMT samples were collected from children under
the age of 10 years to serve as negative controls. By using this
method to analyze the samples from the second cohort, 66%
were seropositive for HPV-6/11 and 22% were seropositive for
HPV-16; 22 and 6% were oropositive for HPV-6/11 and HPV-
16, respectively, based on saliva samples; and 14 and 10% were
oropositive for HPV-6/11 and HPV-16, respectively, based on
OMT samples (Fig. 4). With these cutpoints, oropositivity was
not associated with seropositivity for HPV-6/11. For HPV-16,
OMT sample positivity more accurately reflected seropositivity
than did saliva sample positivity (	 values of 0.49 and 0.31,
respectively).

Finally, arbitrary serial cutpoints were selected for the oral-
sample assays (modified receiver operator curves), and the
associations between oropositivity (based on these cutpoints)
and seropositivity (based on cutpoints derived from a negative
control population) were examined by calculating the 	 coef-
ficient (Table 2). For salivary antibodies, no significant associ-
ation was seen for HPV-6/11 when any assay cutpoint was used.
A saliva assay cutpoint value of 0.300 yielded specificities of
100% (no seronegative subjects had falsely positive results for
a saliva sample) and moderately reflected seropositivity for
HPV-16 (	 � 0.31). Saliva sample positivity and seropositivity
were in strongest agreement when a cutpoint value of 0.080
was used for the HPV-6/11 assay and when a cutpoint value of
0.300 was used for the HPV-16 assay.

When a cutpoint of 0.000 for HPV-6/11 antibodies in OMT
was used, oropositivity reflected seropositivity (	 � 0.46) and
yielded a sensitivity of 81% but a corresponding specificity of
only 64%. With an assay cutpoint of 0.100, OMT sample pos-
itivity for HPV-6/11 moderately reflected seropositivity (	 �

FIG. 4. Prevalence of HPV IgG in specimens when negative con-
trol cutpoints were used. Both seropositivity and oropositivity were
determined by using cutpoints derived from samples collected from
children under the age of 10 years. Only the samples in the second
cohort (n � 50) are represented.

TABLE 2. Associations between oropositivity and seropositivity,
evaluated by using serial cutpoint values, for the

second cohort (n � 50)

Virus and
specimen type

Cutpoint
value 	a Sensitivity

(%)
Specificity

(%)

HPV-6/11
Saliva 0.040 0.12 63 50

0.060 0.09 60 50
0.080 0.21 60 64
0.100 0.14 52 64
0.205b 0.09 26 86
0.250 0.08 19 93
0.300 0.13 19 100

OMT 0.000 0.46 81 64
0.040 0.37 63 79
0.060 0.23 48 79
0.080 0.35 48 93
0.100 0.35 44 100
0.148b 0.13 19 100
0.200 0.11 15 100

HPV-16
Saliva 0.040 0.03 44 59

0.060 0.09 44 69
0.080 0.11 44 69
0.100 0.21 44 78
0.230b 0.31 22 97
0.250 0.25 22 97
0.300 0.31 22 100

OMT 0.000 0.31 67 72
0.040 0.43 56 88
0.060 0.54 56 94
0.080 0.54 56 94
0.100 0.49 44 97
0.121b 0.49 44 97
0.200 0.38 33 97

a The kappa statistic (	) was used to examine the associations between HPV
oropositivity and seropositivity with different cutpoint values to define oroposi-
tivity in saliva and OMT in the second cohort.

b Cutpoint values were derived from the mean plus 2 standard deviations of
the adj OD values of negative controls (children’s oral specimens).
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0.35) and sensitivity dropped to 44% while specificity increased
to 100%. For HPV-16 antibodies in OMT, oropositivity most
strongly reflected seropositivity when an assay cutpoint be-
tween 0.060 and 0.080 was used; this cutpoint gave a sensitivity
of 56% and a specificity of 94%. OMT sample positivity and
seropositivity were in strongest agreement when a cutpoint of
0.000 was used for the HPV-6/11 assay and when a cutpoint of
0.060 was used for the HPV-16 assay.

Serum antibody titers versus oral-sample adj OD values.
We believed that the apparently low sensitivity of the oral
assays may have prevented the detection of HPV antibodies in
subjects with low serum HPV antibody titers. Therefore, the
relationship between serum antibody titer for all seropositive
specimens (both cohorts) and the corresponding oral-speci-
men antibody reactivity was examined. For HPV-6/11, oral-
sample adj OD values correlated with serum antibody titers
(saliva, P � 0.0001; OMT, P � 0.001). This was not true,
however, for HPV-16 antibodies (Fig. 5).

DISCUSSION

Genital infection with the types of HPV that have a high risk
for oncogenicity can lead to malignancy. Serological studies of
HPV contribute greatly to the knowledge of prevalence and
transmission of HPV as well as the risk factors for HPV-

related disease. This information is valuable for guiding cur-
rent efforts to develop HPV vaccines containing the most prev-
alent viral genotypes. Serological studies are limited by the
requirement of venipuncture, which is unpleasant, invasive,
and difficult to perform in some populations (e.g., the obese,
the elderly, children, and intravenous drug abusers). A prom-
ising alternative to venipuncture is oral-specimen sampling.

Marais et al. (36) recently demonstrated the ability to detect
HPV-specific antibodies in OMT. The data presented here are
difficult to compare with those of Marais et al. due to differ-
ences in the study populations and study designs. The present
study utilized a group of HIV-positive men and women from New
Orleans with unknown genital HPV status; the study by Marais et
al. examined South African women with cervical malignancies.
This study does, however, corroborate the apparently low oral-
fluid anti-HPV IgG titers reported by Marais et al.

This study is the first to thoroughly and systematically com-
pare oral-sampling methods (saliva versus OMT) for HPV
antibody detection to an established HPV serum antibody
detection assay. Antibodies (IgG) to HPV-6/11 and HPV-16
could be detected in both saliva and OMT. A capture ELISA
system was used to increase the probability that a detected
antibody response was truly HPV specific and to increase sen-
sitivity. By using oral specimens collected from children under

FIG. 5. Correlations between serum HPV IgG titers and oral-specimen adj OD values. Seropositive samples from both cohorts were diluted
twofold and tested for HPV antibody titers, and the Pearson r statistic was used to examine correlations between serum antibody titers and oral-
specimen OD values. (A) HPV-6/11, saliva adj OD versus serum antibody titer, shown as the area under the curve (AUC); (B) HPV-6/11, OMT adj
OD versus serum antibody titer; (C) HPV-16, saliva adj OD versus serum antibody titer; (D) HPV-16, OMT adj OD versus serum antibody titer.
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the age of 10 years as negative controls, a cutpoint value could
be determined. There were saliva and OMT specimens in the
test population that displayed OD values above this cutpoint,
indicating that these samples were most likely true positives.
Although IgA antibodies are more prevalent in oral fluids than
IgG, anti-HPV IgA was not examined in this study. This is
because anti-HPV IgA serum responses are much more tran-
sient than anti-HPV IgG serum responses (5, 10), and so the
“gold standard” serological test for HPV has been based on
IgG response.

Because an OMT specimen contains systemically derived
IgG, correlations between oral-fluid HPV antibody status and
serum HPV antibody status were expected to be stronger with
OMT samples than with saliva samples. This was true when
OMT collection, processing, and testing protocols were opti-
mal. We believe that the stimulation of the OMT was crucial to
increasing the total antibodies in the specimens and that fresh
processing helped greatly to retrieve the maximum specimen
volume from the OraSure pad. Testing the samples in an un-
diluted state helped to increase the sensitivity of the assay.

HPV seropositivity rates were high in this HIV-positive pop-
ulation. This was expected due to the common risk factor of
increased sexual partners for infection with both viruses.
Oropositivity rates were generally lower than seropositivity
rates regardless of the oral sample cutpoints used. This, cou-
pled with the low sensitivity rates, indicates that the testing of
oral fluids may regularly yield false negatives. Titers of anti-
bodies in serum are generally low (assays are conducted using
1/100 dilutions of serum), and antibody titers in oral fluids
appear to be even lower. A more sensitive assay, such as a
chemiluminescence assay (18), might boost the detection rates
of HPV antibodies in oral fluids. Alternatively, concentrating
immunoglobulins in oral specimens could increase the detec-
tion of HPV-specific antibodies.

Individuals with lower serum antibody titers were expected
to have correspondingly lower oral-specimen OD values, which
may potentially explain the false-negative results found for
some oral specimens. This proved to be true for HPV-6/11 but
not for HPV-16 antibodies in both saliva and OMT. This could
be due to differences in the mucosal immune responses to
these divergent viral types.

Testing of oral specimens for HPV-specific antibodies is
complicated by the fact that a negative control population is
not yet well defined. While children serve as reasonable neg-
ative controls for HPV serological assays, strong oral antibody
reactivity in children’s saliva (adj OD values up to 1.00 in saliva
and up to 0.300 in OMT) suggests that some children might
have been exposed to HPV and thus are not appropriate neg-
ative controls for oral-specimen testing for HPV antibodies.
An assessment of arbitrarily selected cutpoints for oral speci-
mens showed that higher saliva cutpoints gave stronger asso-
ciations with serum antibody status but at the expense of sen-
sitivity of the assay. For OMT, lower cutpoints appeared to
give the strongest association between oropositivity and sero-
positivity. Methods for determining appropriate cutpoints for
oral specimens will need to be further assessed in order to
improve the accuracy of the diagnosis.

Testing of saliva is further complicated by the recent findings
of oral infections with HPV types generally thought to infect
the genital tract (25–27, 30, 39, 42, 50), particularly in HIV-

infected individuals (16, 31). Oral infection with HPV could
invoke a local antibody response detectable in saliva. In this
study, the oral-cavity HPV status of the patients was not tested
and so the influence of oral HPV infections on the data pre-
sented here is not known. We do not believe that oral HPV
infection played a significant role in the detection of antibodies
in this study due to the low prevalence of oral antibodies and
the relatively low titers of antibody observed in the oral spec-
imens.

Oral-specimen HPV antibody testing is an attractive alter-
native to serum testing. Further analysis, however, is necessary
to completely evaluate its utility as a research tool. In partic-
ular, a more thorough assessment of the usefulness of oral-
specimen testing in women and the relationships between HPV
oropositivity and HPV-related disease is imperative. Assay sen-
sitivity must be improved, and cutpoint issues must be resolved.
Alternatively, antibody detection in oral fluids may provide a
useful tool for the study of the mucosal immune response to
the virus. This study demonstrates that HPV-specific antibod-
ies can be detected in oral specimens. These antibody re-
sponses, particularly in saliva, could be compared to antibody
responses in the cervix in women in order to examine the pos-
sibility of a common mucosal immune response to HPV. Cyto-
kine detection in oral specimens (1, 32) could be combined
with oral HPV-specific antibody and DNA testing to more com-
pletely define the oral mucosal response to local HPV infec-
tion.
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