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Increases Detection Sensitivity in Oral Fluid
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Paired serum-oral fluid samples from 127 hepatitis C virus (HCV)-positive and 31 HCV-negative patients
were tested for the presence of anti-HCV using the Ortho HCV 3.0 ELISA. Using the immunoglobulin G
(IgG)-specific detection antibody provided with the HCV 3.0 ELISA we attained 100% sensitivity and specificity
with serum samples; however, sensitivity in oral fluid samples was only 81%. By modifying the HCV 3.0 ELISA
to utilize a secondary antibody cocktail that recognizes not only IgG but IgA and IgM as well, we attained 100%
specificity and sensitivity with oral fluid samples.

The use of oral fluid in diagnostic tests provides many ad-
vantages over traditional serum-based analyses. Oral fluid col-
lection is rapid and noninvasive and eliminates the risks of
needle exposure. Furthermore, oral fluid can be collected by
nonmedical personnel, thus relieving health care professionals
of the time-consuming and economic burden of obtaining se-
rum samples. Indeed, oral fluid-based assays may prove to be
the preferred method of testing for infants and young children
and in developing nations, as well as for patient groups where
blood collection is difficult, such as intravenous drug users, who
constitute a significant portion of total hepatitis C virus (HCV)
cases.

Assays developed to utilize oral fluid instead of serum have
shown promise in the detection of virus-specific antibodies in
patients infected with human immunodeficiency virus (9),
HBV (3), HAV (14), and rubella (12) and following immuni-
zation with HAV (8), rotavirus (17), and poliovirus (18). Re-
cently, attempts to detect HCV-specific antibodies using oral
fluid with modified serum-based enzyme-linked immunosor-
bent assays (ELISA) have also shown promise (4, 5, 13, 15, 16).
Using a modified protocol to test oral fluid in the Ortho HCV
3.0 ELISA, McIntyre et al. (10) achieved 72% sensitivity and
98% specificity from a group of 18 HCV-seropositive and 49
HCV-seronegative donors. In the same study, 100% sensitivity
and specificity were achieved using a modified protocol with
the MONOLISA HCV assay (Sanofi Diagnostics Pasteur). It is
unclear what factors led to the differences in sensitivity be-
tween the kits, however, and these results indicate that indi-
vidual HCV assays must be optimized for use with oral fluid
samples, as minor differences in design may affect the outcome
of the test significantly.

Oral fluid consists of a mixture of salivary gland secretions
and gingival crevicular fluid, the former being enriched with
immunoglobulin A (IgA) and the latter being a mixture of
predominately IgG and IgM (11, 13). While the relative pro-
portions of the individual classes of immunoglobulins are
thought to be similar in serum and oral fluid, the overall con-
centration of immunoglobulins in oral fluid is likely 800- to

1,000-fold less than that in serum (11). Indeed, this dramatic
reduction in the concentration of antibodies in oral fluid may
be responsible for the decreased detection sensitivity of anti-
HCV antibodies in oral fluid; serum-based immunoassays
modified to test for HCV in oral fluid utilize tracer antibodies
that recognize only antibodies of the IgG class while other
classes of antibodies remain undetected (5, 10, 13). With the
relatively low levels of antibodies present in oral fluid overall,
it is likely that many of the false negatives obtained using
modified serum-based assays to test oral fluid are the result of
HCV-positive patients possessing levels of anti-HCV IgG in
their oral fluid that are so low as to be undetectable by immu-
noassays recognizing only IgG class antibodies.

In the present study, we hypothesized that the detection of
multiple classes of anti-HCV in oral fluid could increase the
detection sensitivity of the Ortho HCV 3.0 ELISA to levels
comparable with those attained using serum samples. Patients
for this study were preselected from 11 participating clinical
sites and shown to be either HCV positive or negative based on
a clinical diagnosis according to the Centers for Disease Con-
trol and Prevention testing algorithm (1). The status of serum
samples was further confirmed by repeat in-house testing using
the Ortho HCV 3.0 ELISA following the manufacturer’s in-
structions. Oral fluid samples were collected using a Salivette
kit (Sarstedt Research), whereby a polyester-coated cotton
plug is placed in the mouth of the patient until saturation and
is then centrifuged in a carrier tube for 5 min to extract the oral
fluid. The Salivette system was chosen for its ease of use and
because it does not use a sample buffer to dilute the specimens
as does the Omni-Sal system (Saliva Diagnostic Systems).
Paired samples were shipped overnight at 4°C and processed
immediately upon arrival. Samples were then stored at �80°C
until testing.

To determine if specific classes of antibodies were preferen-
tially enriched in serum or oral fluid samples, we examined the
composition of anti-HCV present in both fluids. Fourteen
paired HCV-positive oral fluid-serum samples (with sufficient
volumes of oral fluid for multiple ELISA) were chosen for
ELISA analysis and examined using secondary enzyme-conju-
gated antibodies (Jackson Immunoresearch) that recognize
only IgG, IgM, or IgA, respectively, to identify the different
classes of anti-HCV detectable in oral fluid (Fig. 1). Modifi-
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cation of the HCV 3.0 ELISA was necessary to achieve optimal
detection sensitivity and specificity; compared to the manufac-
turer’s instructions for use with serum, the oral fluid sample
volume was increased from 10 to 100 �l per well and the
sample incubation time was increased from 1 h at 37°C to
overnight at 4°C. Furthermore, a more sensitive two-part TMB
substrate kit (Pierce) was used for all testing in place of the
o-phenylenediamine tablets supplied with the HCV 3.0 kit.
Analysis of the optical densities (OD) generated by these 14
samples showed that anti-HCV of the IgG and IgM class was
most abundant in serum samples (mean OD � 1.85 and 1.03,
respectively), with little IgA-class anti-HCV present (OD �
0.24) (Fig. 1A). These samples were not treated for rheuma-

toid factor, however, and thus it is possible that elevated levels
of anti-IgM reactivity in serum samples may be attributable to
the presence of this interfering substance (7). In contrast, while
IgG (OD � 1.10) remained the major class of anti-HCV de-
tectable in oral fluid samples by the HCV 3.0 assay, a higher
level of anti-HCV IgA (OD � 0.42) was also detectable, while
nearly no anti-HCV IgM was present (OD � 0.02) (Fig. 1B).
Statistically, the mean OD of anti-HCV of the IgG and IgM
class is significantly reduced in oral fluid compared to serum
(P � 0.01), while the OD of IgA-class anti-HCV is not signif-
icantly different (P � 0.01). Interestingly, in a number of oral
fluid samples possessing low anti-HCV IgG levels, a significant
amount of anti-HCV IgA is detectable (Fig. 1B), which might

FIG. 1. Characterization of multiple classes of anti-HCV present in serum and oral fluid. Paired serum-oral fluid samples were screened by
HCV 3.0 ELISA using enzyme-conjugated antibodies specific for human IgG, IgM, or IgA, respectively. (A) In serum, high levels of anti-HCV
IgG- and IgM-class antibodies are detectable, while relatively little anti-HCV IgA is present. (B) In oral fluid, the majority of antibodies detectable
are of the IgG or IgA class, with little or no anti-HCV IgM present.

1268 NOTES CLIN. DIAGN. LAB. IMMUNOL.



contribute to a higher overall OD and thus render a positive
result. Indeed, the ability to detect anti-HCV of the IgA class
may also increase the likelihood of detection early during the
course of infection, as IgA is known to be present during the
earliest stages of the immune response (6).

We then examined whether the detection of multiple classes
of anti-HCV antibodies, instead of IgG alone, could increase
the sensitivity of the Ortho HCV 3.0 ELISA in a modified oral
fluid-based format. Paired oral fluid-serum samples from 127
known HCV-seropositive and 31 HCV-seronegative donors
were screened using the HCV 3.0 assay according to the man-
ufacturer’s instructions, using the monoclonal anti-human
IgG-peroxidase detection antibody. Using serum samples, we
achieved 100% sensitivity and specificity with the HCV 3.0
assay (Table 1). Because there is no accepted cutoff value for
oral fluid in the HCV 3.0 kit, sensitivity and specificity were
determined by receiver-operator curve analysis at the 95%
confidence interval as well as by determining a cutoff 3.5 stan-
dard deviations above the mean of the 31 HCV-negative sam-
ples. Using the modified incubation protocol mentioned pre-
viously, along with the anti-IgG conjugate antibody of the
HCV 3.0 kit, detection sensitivity was reduced to 81% (103 of
127 samples), while specificity remained 100%.

Oral fluid samples were then rescreened using a 1:16,000
dilution of peroxidase-labeled goat anti-human IgG-IgM-IgA
antibody cocktail (Kirkegaard and Perry Laboratories, Gaith-
ersburg, Md.) in phosphate-buffered saline–1% bovine serum
albumin–10% goat serum instead of the monoclonal anti-hu-
man IgG provided with the HCV 3.0 kit. This antibody dilution
proved to have the greatest signal/noise ratio in titration stud-
ies and was used in all studies in which the antibody cocktail
was included. Using this modified protocol, anti-HCV was
detected in patient oral fluid samples with 100% sensitivity and
specificity by receiver-operator curve analysis or using the cal-
culated 3.5-standard deviation cutoff (cutoff � 0.026) (Table
1). All oral fluid samples from HCV-positive individuals that
were initially scored as HCV negative by the Ortho HCV 3.0
anti-IgG conjugate were subsequently scored as HCV positive
when the anti-IgG-IgM-IgA cocktail was used (Table 2).

Our results indicate that the use of a secondary antibody
cocktail that recognizes not only IgG but IgA and IgM as well
may aid in the detection of the relatively low levels of anti-
HCV antibodies present within oral fluid and thus increase
detection sensitivity. This increase in detection sensitivity when
such an antibody cocktail is used is in good agreement with our

data showing that a significant percentage of anti-HCV anti-
bodies in oral fluid exist in the form of IgA-class antibody
molecules (Fig. 1). A recent study by Van Doornum et al. (16)
showed that anti-HCV could be detected with up to 88%
sensitivity in oral fluid by using a modified protocol with the
MONOLISA anti-HCV Plus kit. Similar to the Ortho HCV 3.0
assay, however, this kit utilizes an anti-human IgG conjugate
antibody, and it is therefore incapable of detecting IgA-class
anti-HCV present in oral fluid samples. Furthermore, in con-
trast to the HCV 3.0 assay, the MONOLISA does not incor-
porate proteins from the core region of the HCV genome, and
sensitivity in oral fluid may be reduced by the inability to
capture antibodies directed against this highly antigenic region.
By detecting multiple classes of antibodies, and through the
use of an ELISA with a high percentage of the total antigenic
sequences of HCV coated onto the solid phase, we were able
to increase our detection sensitivity to levels comparable to
those obtained from serum-based analysis.

Thus, the results of this study suggest that while the detec-
tion of non-IgG-class anti-HCV is unnecessary in serum, where
overall antibody concentrations are extremely high and IgG-
class immunoglobulins predominate, detection of anti-HCV
IgG, IgM, and IgA in oral fluid samples may prove to be of
benefit in correctly diagnosing patients on the basis of samples
possessing relatively low levels of anti-HCV IgG. Indeed, pa-
tient oral fluid samples with low anti-HCV IgG levels may
escape detection in immunoassays that recognize only IgG
class immunoglobulins. By effectively increasing the pool of
antibodies detectable in oral fluid samples, it may be possible
to overcome the intrinsic difficulty of detecting the extremely
low levels of antibodies in oral fluid and allow the generation
of novel non-blood-based immunoassays.
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