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Assessment of antibody responses to Epstein-Barr virus (EBV) antigens has been used to assist in naso-
pharyngeal carcinoma (NPC) diagnosis by several methods. In this study, we evaluated an in-house Luminex
multianalyte profiling (xMAP) technology and commercial enzyme-linked immunosorbent assay (ELISA) kits
for serological examination of EBV-specific antibody responses in 135 NPC patients and 130 healthy controls.
Four EBV biomarkers were measured: immunoglobulin A (IgA) against viral capsid antigen (VCA), EBV
nuclear antigen 1 (EBNA1), diffused early antigen (EA-D), and IgG against EA-D. The sensitivities and
specificities of the four markers ranged between 71.5 and 90% for xMAP assays and 80 and 92% for ELISA.
Logistic regression analysis revealed that the combined markers in the xMAP assay had overall sensitivity and
specificity values of 82% and 92%, respectively. The correlation coefficient (r) values for the xMAP assay and
ELISA were lowest for IgA-VCA (0.468) and highest for IgA-EBNA1 (0.846); for IgA–EA-D and IgG–EA-D, the
r values were 0.719 and 0.798, respectively. The concordances of the two methods for NPC discrimination were
good (79 to 88%). Our results suggest that both the xMAP assay and ELISA are satisfactory for EBV antibody
evaluation when multiple antigens are included.

Nasopharyngeal carcinoma (NPC) is a squamous-cell carci-
noma that arises in the epithelium of the nasopharynx (34).
NPC is rare worldwide, with an incidence lower than 1 per
100,000 persons per year in Western countries. However, it has
a high incidence in south China, especially in the Cantonese
region around Guangzhou, where the incidence is �30 to 80
per 100,000 persons per year (26, 31). NPC is usually poorly
differentiated or undifferentiated but has a relatively high sen-
sitivity to radiation therapy (31). Therefore, more than 70% of
NPC patients treated by radiotherapy and chemotherapy at
early stages have a 5-year survival rate (24). Unfortunately,
most NPC patients are at advanced stages when first diagnosed
due to a lack of an efficient method for earlier diagnosis of
NPC. In order to increase the NPC survival rate, it is urgent
and important that an efficient method for screening of NPC
be developed.

It is well documented that Epstein-Barr virus (EBV) infec-
tion is associated with NPC. First, NPC patients typically have
higher titers of immunoglobulin A (IgA) and IgG against lytic
antigens of EBV than healthy EBV carriers (14, 16). Second,
elevated EBV antibody levels can precede clinical onset of
NPC by 1 to 5 years (3, 18). Third, there are fluctuations of
EBV antibody levels after NPC therapy (35). Thus, serological

testing for EBV could be useful for diagnosis and prognosis of
NPC. Currently, titers of IgA antibody against the EBV viral
capsid antigen (VCA) and the diffuse early antigens (EA-D)
are regularly tested in many clinical centers (7, 15–17). Fur-
thermore, many serological markers of EBV infection, includ-
ing VCA, EA, EBV nuclear antigen 1 (EBNA1), Zta, and
DNase, have also been developed in recent years (3, 5, 13, 14).

Both IgA-VCA and IgA–EA-D serology assays are being
tested in most laboratories in south China by immunoenzy-
matic assays with slides, using EBV-infected cell lines as a
target (7, 18). However, this method is only semiquantitative
and is difficult to standardize. As an alternative approach, the
enzyme-linked immunosorbent assay (ELISA) technique is
easy to automate and is more suitable for mass screening. But
the current ELISA for EBV serology can examine only one or
two antigens. One technology, called Luminex multianalyte
profiling (xMAP), based on flow cytometry analysis of mi-
crobeads, has been developed recently. The beads are inter-
nally color coded with two fluorescent dyes, and each bead is
covalently coupled with any specific molecule, such as an an-
tigen or antibody, and has a unique ratio of these dyes to
represent a detection signal. By use of the relative fluorescence
intensity (FI) levels detected by R-phycoerythrin-labeled de-
tection antibodies, the antigen-antibody reactions occurring on
the bead surface are quantitated (10, 23). Furthermore, more
than 100 distinct reactions can be carried out simultaneously
on the various beads in one tube, in which the individual bead
is identified by a Luminex 100 or 200 instrument (11, 12, 21).
Obviously, the xMAP assay requires a smaller sample volume,
fewer procedure steps, and less total reaction time than tradi-
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tional ELISA (27, 29). Moreover, the xMAP technology is
highly reproducible because each result is the mean for �100
readings (28). Therefore, xMAP assays have been applied in
allergy testing, cancer marker detection, diagnosis of infectious
diseases, and cytokine quantification, etc. (6, 12, 30).

Although commercial xMAP assay kits for testing IgG and
IgM against EBV have been developed to evaluate EBV in-
fection status (22), NPC patients usually have higher IgA but
not IgM responses to EBV antigens (16). In this study, we
established in-house xMAP assays for four EBV antibody
markers for NPC diagnosis (IgAs against VCA, EBNA1, and
EA-D and IgG against EA-D) and analyzed the correlation
and concordance between this new assay and the commercial
ELISA.

MATERIALS AND METHODS

Patients and controls. One hundred thirty-five patients with newly diagnosed
and pathologically confirmed NPC were collected from Sun Yat-Sen University
Cancer Center. The stages of disease progression were classified according to the
1996 Union International Cancer Control classification. The NPC case group,
including 1 patient with stage I NPC, 20 with stage II NPC, 75 with stage III NPC,
and 39 with stage IV NPC, had 97 males and 38 females, with an age range of 23
to 77 (mean, 45.8 � 11.3) years. One hundred thirty healthy volunteers were
collected as normal controls, including 66 males and 64 females, with an age
range of 18 to 75 (mean, 40.1 � 14.6) years. Informally written consent was
obtained from all participants.

xMAP analysis. (i) Coupling of proteins to beads. Coupling of recombinant
EBV antigens VCA-gp125, EA-D, and EBNA1 (Biodesign, Saco, ME) to the
carboxylated beads (Luminex Corp., Austin, TX) was done by previously re-
ported protocols (30). Briefly, 2.5 � 106 beads were washed with activation buffer
(10 mM NaH2PO4, pH 6.3), resuspended in 80 �l of activation buffer, and
sonicated for 10 s. Both 10 �l of N-hydroxysulfosuccinimide (Pierce, Rockford,
IL) solution and 10 �l of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hy-
drochloride (Pierce, Rockford, IL) solution were diluted to 50 mg/ml in activa-
tion buffer and added to the bead suspension. After being mixed, the beads were
incubated with rotation for 20 min at room temperature (RT) in the dark. The
activated beads were subsequently washed twice with coupling buffer (10 mM
NaH2PO4, 150 mM NaCl, pH 7.4) and then incubated with 500 �l of azide-free
protein solution (diluted to 250 �g/ml in coupling buffer) for 2 h. The beads were
washed thrice with washing buffer (1� phosphate-buffered saline [PBS], 0.05%
Tween 20) and resuspended in 100 �l of blocking/storage buffer (1� PBS, 1%
bovine serum albumin). Finally, the beads were counted with a hemocytometer,
adjusted to a concentration of 1.25 � 106 beads/ml with storage buffer, and
protected from light at 4°C.

(ii) Serum sample test. The conjugated beads were diluted with storage buffer
at 1,000 beads in 50 �l per reaction well and then added to the 96-well filtration
system (Millipore, Billerica, MA). Sera diluted to 1:21 in storage buffer (20
�l/well) were added and incubated with the beads for 30 min at RT in the dark.
After three washes, 150 �l of R-phycoerythrin-conjugated goat anti-human IgA
or IgG (1:200 in PBS; SouthernBiotech, Birmingham, AL) was added to each
reaction well and incubated for 30 min. The detection analysis was performed by
the Luminex 100 multianalytic system (Bio-Rad, Hercules, CA). All tests were
carried out in duplicate.

ELISA. We performed VCA-IgA, EBNA1-IgA, EA-IgA, and EA-IgG immu-
noassays by using commercial EBV ELISA kits (IBL, Hamburg, Germany),

following the recommended protocols. Briefly, microtiter plates were incubated
with sera diluted to 1:100 in diluent buffer (100 �l/well) for 1 h at RT in the dark.
After three washes, 100 �l of enzyme conjugate was added and incubated for 30
min at RT in the dark. After three washes, 100 �l of TMB (3,4,5-trimethoxy-
benzaldehyde) substrate solution was added to each well and incubated for 20
min at RT in the dark. The reaction was stopped by adding 100 �l/well of TMB
stop solution, and optical density at 450 nm (OD450) was determined by an
immunoanalyzer (Thermo Electron Co., Waltham, MA). Each individual serum
sample was tested in duplicate. Standard sera were included in each plate.

Statistical analysis. The results were analyzed using the statistics software
program SPSS (version 16.0). The unpaired t test was used to compare the mean
values from the NPC and healthy groups; one-way analysis of variance was used
to compare the mean FI values of EBV antibody markers among a population
with different ages and cancer stages; receiver operating characteristic (ROC)
curve analysis was employed to assess the diagnostic values. Logistic regression
was used to create a diagnostic model of NPC. Linear correlations between the
xMAP assay and ELISA were analyzed with Spearman’s method.

RESULTS

Examination of EBV serology by the xMAP assay. The an-
tibody levels of IgA-VCA gp125, IgA-EBNA1, IgA–EA-D, and
IgG–EA-D were detected by xMAP assays with 135 NPC pa-
tients and 130 healthy controls. The mean FI values for NPC
patients and healthy controls are summarized in Table 1, show-
ing that levels for all four antibodies were significantly higher
in NPC patients than in controls in the xMAP assays (P �
0.0001).

To evaluate the accuracy of our xMAP-based assays for
discrimination between NPC cases and healthy controls, we
performed ROC analysis to define the optimal cutoff values
and examine the sensitivity and specificity for NPC diagnosis.
The corresponding diagnostic values for serological markers of
EBV infection as determined by the xMAP technology are
shown in Table 2. The data demonstrated that IgG–EA-D had
the highest area under the ROC curve (AUC), with sensitivity
and specificity values of 87.4% and 90%, respectively, whereas
IgA-VCA gp125 had the lowest AUC, with sensitivity and
specificity values of 76.3% and 71.5%, respectively. However,
analysis of variance showed no significant differences among
these four EBV biomarkers (P � 0.05) when NPC patients
were further classified separately by cancer stage, gender,
or age.

Assessment of combined EBV markers for NPC diagnosis.
Since EBV serological spectra are different individually, eval-
uation of NPC status by EBV serology is not reliable when
based on any single antibody. Therefore, we attempted to
combine these EBV biomarkers for better diagnosis of NPC.

TABLE 1. Analysis of anti-EBV antibody values for 135 NPC
patients and 130 healthy controls

Anti-EBV
antibody

FI (mean � SEM) for
xMAP assay

OD (mean � SEM)
for ELISA

NPC
patients

Healthy
controls NPC patients Healthy

controls

IgA-VCA 2,193 � 232 657 � 77 0.991 � 0.064 0.145 � 0.012
IgA-EBNA1 9,380 � 389 4,674 � 356 0.380 � 0.020 0.125 � 0.016
IgA–EA-D 2,931 � 317 426 � 64 1.111 � 0.070 0.161 � 0.014
IgG–EA-D 7,948 � 545 784 � 170 1.201 � 0.080 0.211 � 0.012

TABLE 2. Diagnostic characteristics of EBV IgA-VCA, IgA-EBNA1,
IgA-EA, and IgG-EA for the xMAP technology and ELISA for

NPC patients (n � 135) and healthy controls (n � 130)

Assay and
EBV marker AUC (95% CI) Cutoff Sensitivity

(%)
Specificity

(%)

xMAP
IgA-VCA 0.785 (0.730–0.841) 700 (FI) 76.3 71.5
IgA-EBNA1 0.812 (0.760–0.864) 6,000 (FI) 74.1 75.4
IgA–EA-D 0.882 (0.843–0.922) 500 (FI) 79.3 81.8
IgG–EA-D 0.943 (0.916–0.970) 1,000 (FI) 87.4 90.0

ELISA
IgA-VCA 0.946 (0.919–0.972) 0.20 (OD) 91.9 83.8
IgA-EBNA1 0.863 (0.817–0.909) 0.15 (OD) 80.0 80.0
IgA–EA-D 0.960 (0.938–0.981) 0.25 (OD) 92.6 90.8
IgG–EA-D 0.926 (0.897–0.956) 0.30 (OD) 85.2 82.3
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As shown in Table 3, a combination of any two EBV markers
is more efficient for discriminating NPC patients from healthy
populations, and with a combination of all four biomarkers,
only 1.5% of the NPC patients were negative for all and none
of healthy controls was positive for all. If more than two mark-
ers with FI values higher than the cutoff were selected as the
positive standard for NPC diagnosis, the sensitivity could reach
95.8%.

Subsequently, we performed multivariate analysis to identify
the best combination of EBV biomarkers for serological diag-
nosis of NPC. In the logistic regression model, the sensitivity
and specificity were 81.5% and 92.3%, respectively, when all
four EBV markers were combined, showing a good diagnostic
panel with satisfactory accuracy for NPC detection.

Comparison of the xMAP assay and ELISA for detection
of EBV antibodies. For comparison, all serum samples were
detected by ELISA (see the table in the supplemental ma-
terial). The mean ODs for IgA-VCA, IgA-EBNA1, IgA–
EA-D, and IgG–EA-D are shown in Table 1. The mean OD
values for all EBV biomarkers were significantly different in
the two group populations. It appeared that, considered
separately (except for IgG–EA-D), the evaluations of IgA-
VCA, IgA-EBNA1, and IgA–EA-D by ELISA were better
than those by the xMAP assay for NPC diagnosis (Table 2).
In addition, among the four ELISAs, the one for IgA–EA-D
had the highest AUC (0.960) while that for IgA-EBNA1 had
the lowest AUC (0.863).

The correlation between the xMAP assay and ELISA results
for IgA-VCA was relatively low in the total population (r �
0.468), whereas that for IgA-EBNA1 was high (r � 0.846). The
correlation coefficient values for the two methods were 0.719
and 0.798 for IgA–EA-D and IgG–EA-D, respectively (Fig. 1).
All correlations were highly significant (P � 0.0001). More-
over, the concordances between the xMAP assay and ELISA
were assessed for different EBV markers in NPC diagnosis. As
shown in Table 4, there was strong concordance between the
two methods for each test evaluated. The IgA-VCA assay has
the lowest value (79%), and both the IgA-EBNA1 and the
IgG–EA-D assays have the highest (88%).

DISCUSSION

To reveal the individual diverse EBV antigen recognition
patterns, ELISA is currently utilized, but it has obvious prac-
tical issues, such as its limitation to one or two antigens per
reaction and its concentration range of 2 to 3 logs. In this
report, we developed xMAP assays for examining multiple
EBV antigens based on the Luminex platform, which needs
only two parallel plates to measure levels of IgA and IgG. For
example, evaluations of the four EBV antigens used in this
report can be achieved with only two sets of reagents and
serum samples. Moreover, the xMAP assay has a wider dy-
namic range (4 to 5 logs) with fluorescence than ELISA with
OD (8, 20). In addition, both the xMAP assay and ELISA
showed good concordances for most EBV biomarkers for dis-
criminating NPC patients from healthy populations, although
there were some discrepancies between the two methods for
each individual marker tested, based upon the correlation
analysis. Therefore, the xMAP assay may replace ELISA for
some EBV biomarkers.

The discrepancies between the xMAP and ELISA methods
could be attributed to differences in antigen coating, reaction
principles, and procedure (29). Our results showed that ELISA
was better for anti-EBV IgA and that the xMAP assay was
better for IgG–EA-D for distinguishing NPC patients from
healthy populations, although the reasons remain unclear. In
any immunoassay, specific recognition of high affinity between
an antigen and its antibody contributes to both specificity and
sensitivity. In fact, in our initial experiments, we performed
both multiple and single xMAP assays for measuring EBV
biomarkers, showing that both assays were consistent. Thus, we
speculate that the antigens can be specifically detected by in-
dividual antibodies with minor cross-reactions. In contrast,
some reports showed that the FI values of reporter antibodies
were influenced by multiple xMAP assays, which might be due
to the cross-reactions (8, 12).

The EBV VCA antigen consists of several proteins, such as
gp125, p18, and p23 (32). The VCA gp125 and EA-D used in
our xMAP assay were recombinant protein fragments derived
from Escherichia coli; however, the VCA and EA-D used in

TABLE 3. Distribution of results for combinations of two EBV biomarkers for NPC patients and healthy controls

EBV marker
and result

No. of sera for indicated antibody, treatment group, and EBV marker

IgA-EBNA1 IgA–EA-D IgG–EA-D

NPC Healthy NPC Healthy NPC Healthy

Positive Negative Positive Negative Positive Negative Positive Negative Positive Negative Positive Negative

IgA-VCA
Positive 80 23 15 21 87 16 15 21 92 26 1 35
Negative 20 12 18 76 21 11 12 82 11 6 12 82

IgA-EBNA1
Positive 86 14 9 24 87 31 3 30
Negative 22 13 14 83 13 4 10 87

IgA–EA-D
Positive 95 23 4 19
Negative 13 4 9 98
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other general serological detections of EBV were protein mix-
tures. Thus, the low correlation between the results for our
xMAP analysis and the commercial ELISA kit for IgA-VCA
might be due to the different sources of antigens. This notion
is also supported by the fact that there is a high correlation
coefficient for IgA-EBNA1 due to the use of similar compo-
nents in both methods. Overall, the correlation coefficients for
the xMAP assay and ELISA ranged from 0.7 to 0.9, consistent
with previous studies (22, 29). Therefore, if the proper com-
ponents of EBV antigens, such as EA-D and EBNA1, were
selected, both xMAP and ELISA assays could have relatively

high sensitivity, specificity, and AUC for EBV serodiagnosis
of NPC.

The flexibility of the xMAP technology as well as its through-
put ability gives it broad applications, such as cytokine and
chemokine analysis, antibody screening, HLA typing, pathogen
detection, and single-nucleotide polymorphism or mutation
analysis (1, 4, 8, 9, 19, 25, 36). Our results showed that the
xMAP assay is suitable for EBV antibody detection when
proper biomarkers are used and provides valid serological pro-
files of EBV in NPC patients. Thus, the xMAP assay is better
for serological detection of EBV titers for clinical diagnosis of
NPC than other methods currently used in clinical centers. In
addition, the xMAP technology may evaluate the antibodies in
serum, plasma, and other body fluids, such as saliva or DNA or
RNA from plasma or cancer tissues.
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