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A commercial assay for detection of measles immunoglobulin G (IgG) in oral fluid was evaluated in a highly
vaccinated cohort using serum IgG as gold standard. In contrast to previous studies from cohorts protected by
natural immunity, antibody prevalence was significantly underestimated (�7.4%; confidence interval: �1.5 to
�13.2%; P � 0.01) due to a reduced sensitivity when antibody levels were low.

Vaccination strategies to control and eliminate measles have
been widely monitored by seroepidemiological studies. The
prevalence of immunoglobulin G (IgG) antibodies in the blood
is considered a solid correlate of population immunity. A ma-
jor drawback of serum IgG is the need to draw blood with all
its risks and ethical implications. Therefore, the detection of
IgG in oral fluid, which can be collected with relative ease, has
been promoted as a noninvasive alternative for seroprevalence
studies (6). Specific IgG of a number of viruses has been found
in oral fluid (3, 4, 7, 8). Nigatu et al. have developed an anti-
body capture enzyme immunoassay (EIA) to detect measles
IgG in oral fluid, which was recently commercialized (5). Es-
timates of antibody prevalence in two cohorts from Ethiopia
with low vaccination coverage did not significantly differ when
IgG in oral fluid and serum were compared (5, 6). The aim of
the present study was to evaluate IgG detection in oral fluid in
a highly vaccinated central European community.

Paired serum and oral fluid samples were collected from 283
school-children (age range: 18.1 to 21.9; mean age: 19.6; male:
20.1%) attending three different secondary schools in Luxem-
bourg. Most (87.3%) of them had received one or two doses of
measles vaccine during early childhood and/or adolescence.
The others were not vaccinated (6.0%) or had unreliable vac-
cination records (6.7%). Seventeen individuals with high se-
rum antibody titers were not vaccinated and are considered
convalescent measles patients. Informed consent was obtained
from all participants or their guardians. The study was ap-
proved by the local ethics committee and the responsible min-
istries.

Peripheral blood was obtained by venipuncture and incu-
bated for 1 h at 37°C. Serum was collected after centrifugation
for 25 min at 1,700 � g, divided into aliquots, and stored at
�20°C until testing. Anti-measles virus IgG levels in the serum
were assessed by the World Health Organization-recom-
mended EIA (Enzygnost; Dade-Behring, Marburg) with a val-
idated sensitivity and specificity of 99.6 and 100%. Antibody
status (positive �0.2 optical densities [OD]; negative �0.1
OD; or equivocal 0.1 to 0.2 OD) and concentrations (mIU/ml)

were determined using the alpha method (2) according to the
manufacturer’s protocol.

Oral fluid was collected as described elsewhere (7) by mov-
ing a cylindrical sponge (Oracol; Malvern Medical Develop-
ments, Worcester, United Kingdom) around the gums for
about 1 min and kept at 4°C until processing. Within a maxi-
mum of 4 h postcollection oral fluid was extracted from the
sponge by centrifugation (700 � g, 5 min) and immediately
stored undiluted at �20°C. Antibody levels were determined
using a commercial EIA recommended and optimized for oral
fluid (Microimmune Ltd., Middlesex) following strictly the
manufacturer’s instructions (positive, �1.25� the mean OD
of three negative controls [ODnc]); negative, �1.1� ODnc;
equivocal, between 1.1 to 1.25� ODnc). Briefly total IgG from
undiluted oral fluid was captured in anti-human IgG coated
microtiter wells. Recombinant measles nucleoprotein (rMVN), a
monoclonal antibody to rMVN conjugated to horseradish per-
oxidase and the substrate (tetramethylbenzidine) were sequen-
tially added to reveal the presence of measles-specific antibod-
ies. Sensitivity, specificity, and positive and negative predictive
values of the oral fluid assay were determined by comparison
to serum IgG as described by Nokes et al. (7) using the En-
zygnost test as a gold standard. Exact binomial confidence
intervals of proportions and differences between proportions
(z-test) were determined using SigmaStat version 3.0.1a soft-
ware (Systat software Inc., Point Richmond).

Measles specific IgG was measured in 283 paired oral fluid
and serum samples. Numbers of individuals with positive, neg-
ative, or equivocal absorbance values in the two assays are
shown in Table 1. When equivocal absorbances in either of the
assays were excluded, prevalence estimates obtained from se-
rum (89.0%, confidence interval [CI]: 84.8 to 92.4%) were
significantly higher than those for oral fluid (81.6%, CI: 76.6 to
86.0%). Higher values but similar differences were obtained
when equivocal values were included as positives (serum,
95.4%, CI: 92.3 to 97.5%; oral fluid, 88.3%, CI: 84.0 to 91.8%).
A concordant antibody status (positive, negative, equivocal)
was found in 227 individuals (80.2%). When individuals with
equivocal absorbances in either test were excluded, a concor-
dance of 90.0% was observed.

When the serum assay was taken as a gold standard and
individuals with equivocal results in either test (12.0%) were
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excluded, sensitivity and positive predictive values of the oral
fluid assay were 90.4% (CI: 86.0 to 93.8%) and 99.1% (CI: 96.7
to 99.9%), respectively. The specificity (77.8%; CI: 40.0 to
97.2%) as well as negative predictive values were lower (23.3%;
CI: 9.9 to 42.3%), but the number of seronegative individuals
(n � 13) was limited.

Figure 1 shows that the oral fluid assay misses many of the
individuals with low specific serum IgG. Sensitivity was signif-
icantly lower in our cohort of central European vaccinees than
those determined by Nokes et al. (6) in a cohort from rural
Ethiopia (97%). Very low and low vaccination coverage rates
(16.6 to 54.8%) were reported in that study from rural and
urban communities in Ethiopia. Furthermore, about half of the
individuals were �20 years old and unlikely to have been
vaccinated. The rural cohort may have consisted of 85% and
more of late convalescent measles patients. Natural infection
normally induces much higher, by some accounts 5 to 10 times

higher, antibodies than vaccination (1), similar to rubella (9).
Thus, the discrepancies in sensitivity may be fully explained by
the differences in antibody levels in individuals with wild-type
virus or vaccine-induced immunity. To compensate for low
antibody concentrations, the oral fluid EIA is based on total
IgG capture technology (5). In contrast, the serum EIA binds
measles-specific antibody only. This may partially account for
the difference in sensitivity between both methods. Figure 2
shows that the sensitivity of the oral fluid method increases
with higher serum antibody levels. The lowest sensitivity
(73.3%, CI: 54.1 to 87.7%) was found among individuals with
antibody titers below 500 mIU (0.28 OD) and gradually in-
creased to 100% (CI: 97.1 to 100%) when serum antibodies
reached �2,000 mIU (0.65 OD). As a consequence seropreva-
lence in a highly vaccinated community is underestimated by
oral fluid IgG detection due to an insufficient sensitivity of the
assay in the low titer range. However, the oral fluid test may be
useful to identify individuals with no or low serum antibodies
for revaccination. In this case a high specificity must be war-
ranted to avoid that seronegative individuals would be missed.
In the present cohort, 2 of 13 seronegative individuals gave
weak but false-positive results in the oral fluid assay. Although
only weakly positive, these false positive donors could only be
excluded at the expense of higher number of false negatives.
For instance, if the positive threshold is raised from 1.25� to
1.5� ODnc, the number of greyzone individuals would in-
crease from 19 to 59 in this study. A careful reevaluation of the
positive/negative cutoffs even in a cohort of vaccinees including
sufficient numbers of seronegative donors may not necessarily
be the solution. In general, overvaccination would be preferred
to undervaccination.

Our results show that characteristics, in particular the sen-
sitivity of measles antibody assays, largely depend on the vac-
cination status of the cohort and should be evaluated not only
in late convalescents but also in vaccinees.
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TABLE 1. Numbers of individuals by measles-specific antibody
status (positive, negative, equivocal) in serum and oral fluid

Oral fluid

Serum

TotalPositive
n (%)

Negative
n (%)

Equivocal
n (%)

Positive n (%) 217 (76.7) 2 (0.7) 12 (4.2) 231 (81.7)
Negative n (%) 23 (8.1) 7 (2.5) 3 (1.1) 33 (11.6)
Equivocal n (%) 12 (4.2) 4 (1.4) 3 (1.1) 19 (6.7)

Total 252 (89.0) 13 (4.6) 18 (6.4) 283 (100)

FIG. 1. Comparison of measles-specific IgG (OD values) in serum
and oral fluid of 283 adolescents. Horizontal lines indicate cutoff val-
ues of the serum assay (negative, �0.1 OD; positive, �0.2 OD; grey-
zone, 0.1 to 0.2 OD). IgG-positive (Œ), -negative (‚), and -equivocal
(�) oral fluid samples. In contrast to the serum assay, greyzone inter-
vals of the oral fluid assay are defined with respect to negative controls
on the same test plate and not in absolute OD values.

FIG. 2. Sensitivity and CI of the oral fluid test for different levels of
serum IgG (mIU). Number of individuals per category are given.
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