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 Background: Ebstein-Barr virus (EBV) plays a critical role in nasopharynx cancer, which can be effectively monitored by se-
rum levels of early antigen antibody (EA-IgA) and viral capsid antigen antibody (VCA-IgA). This study explored 
the diagnostic value of combined assays of sialic acid (SA), EA-IgA, and VCA-IgA via the expressional assay.

 Material/Methods: A total of 42 nasopharynx cancer patients and 42 benign rhinitis and healthy controls were recruited in this 
study. Serum EA-IgA and VCA-IgA were tested by enzyme-linked immunosorbent assay (ELISA) and enzymatic 
assay of serum SA. Specificity and sensitivity of those 3 assays were compared. The diagnostic value of each 
parameter was evaluated by ROC curves.

 Results: All 3 indexes (SA, EA-IgA and VCA-IgA) showed elevated serum levels in nasopharynx cancer patients when 
compared to those with rhinitis, who had higher levels than healthy individuals. Concentrations of these fac-
tors were also positively correlated with the TNM staging of cancer. The sensitivity and specificity were 30.95% 
and 83.33% (in SA), 57.14% and 95.24% (in EA-IgA), and 76.19% and 92.86% (in VCA-IgA), respectively. VCA-IgA 
had the highest sensitivity among all 3 indexes. The combined assay increased the diagnostic sensitivity to 
92.86% without compromising specificity.

 Conclusions: SA, EA-IgA, and VCA-IgA levels were significantly elevated in nasopharynx patients’ serum. The combined as-
say may have clinical value in diagnosis and monitoring.
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Background

Nasopharyngeal cancer is the most common malignant tumor 
of the ear, nose, and throat in Chinese [1,2]. The tumor com-
monly develops in the top or lateral wall of the nasopharynx 
cavity, making it hard to identify in routine physical examina-
tion. Such characteristics, plus the insidious onset with few 
significant clinical symptoms, impede the diagnosis of phar-
ynx cancer until it has reached the late stage, causing unsat-
isfactory treatment efficacy and higher mortality rates [3,4]. 
Therefore, early diagnosis is of critical importance for improving 
patient survival rates. It is now widely accepted that Ebstein-
Barr virus (EBV) is a cacogenic herpesvirus and is a main viral 
factor for nasopharynx cancer. The major EBV antigens after 
viral activation include intracellular early antigen (EA) and vi-
ral capsid antigen (VCA), both of which have been identified 
in nasopharynx cancer cells, along with their specific antibod-
ies, EA-IgA and VCA-IgA, making all these molecules biologi-
cal markers predicting cancer prognosis [5,6]. Therefore, se-
rum levels of EA-IgA and VCA-IgA can reflect the physiological 
state of intracellular EBV, further predicting the stage of can-
cer. Sialic acid (SA) is also known to be related with the occur-
rence and metastasis of malignant tumors and can be used 
to predict the metastatic stage [7,8]. This study thus investi-
gated the serum level of SA, VCA-IgA, and EA-IgA in nasophar-
ynx cancer patients to elucidate the diagnostic implication of 
combined assays and to provide a strategy for further devel-
opment of clinical diagnostic methods.

Material and Methods

General information of patients

A total of 42 nasopharynx cancer patients (20 males and 22 
females; ages 20~67 years old, average=44.6±0.7 years old) 
admitted to the Second Municipal Hospital of Weihai between 
September 2012 and October 2013 were recruited in this study, 
along with 42 patients with benign rhinitis (23 males and 19 
females; ages 21~66 years old, average=44.7±0.5 years old) 
and 42 healthy adults (21 males and 21 females; ages 22~68 
years old, average=43.7±0.6 years old). All nasopharynx cancer 
patients received confirmed diagnosis by pathological exami-
nation as low-differentiation squamous cell carcinoma accord-
ing to UICC standard (6th version, 2002). TNM staging revealed 
8 cases at stage I, 16 at stage II patients, 13 at stage III, and 
5 at stage IV cancer. All patients had no other inflammatory 
disease and had not received any post-operative chemothera-
py or immunomodulation therapy. No difference regarding age 
or sex distribution was detected among all 3 groups (p>0.05), 
which were thus comparable. This study was pre-approved 
by the Ethics Committee of the Second Municipal Hospital of 
Weihai and we obtained written consent from all participants.

Serum assays

Peripheral venous blood samples were collected and centrifuged 
at 2000 g for 10 min to extract the serum. EA-IgA and VCA-IgA 
levels were quantified using enzyme-linked immunosorbent as-
say (ELISA) using test kits (Zhongshan Biotech, China) follow-
ing the manual instructions. Enzymatic method was used to 
examine serum SA levels using a test kit (Zhongshan Biotech, 
China). When any 2 factors were tested together, the result 
was defined as positive when any index showed positive val-
ues, but was defined as negative only if both factors showed 
negative results. When all 3 indexes were checked altogether, 
positive results occurred when any factor showed a positive 
value, while negative results were identified only when all 3 
indexes showed negative results. ROC curve analysis was used 
to determine the threshold of SA, EA-IgA, and VCA-IgA levels.

Polymerase chain reaction (PCR)

Paraffin-embedded blocks were cut into 10-μm-thick sec-
tions. These microdissected tumor tissues were put into 1.5-
mL EP tubes and treated with 0.5 mL of TaKaRa DEXPAT™ 
(TaKaRa, Japan) to extract DNA according to the manufactur-
er’s instructions. The samples were incubated at 100°C for 
10 min and centrifuged at 12 000 rpm for 10 min. The su-
pernatant containing DNA was transferred to new EP tubes 
and stored at –20°C until used as the template for subse-
quent PCR. The template DNA (1 μg) was mixed with 10× buf-
fer (100 mM Tris-HCl, 500 mM KCl, 15 mM MgCl2), 10 mM 
dNTP mixture, 1.5 μU Taq polymerase (TaKaRa, Japan), and 
the primers EBVF 5’-CCAGACAGCAGCCAATTGTC-3’, and EBVR 
5’-GGTAGAAGACCCCCTCTTAC-3’. The targeted PCR product was 
129 base pairs long. The PCR reaction conditions were as fol-
lows: initial denaturation at 95ºC for 5 min; 35 cycles of de-
naturation at 95ºC for 30 s; annealing at 57ºC for 30 s and ex-
tension at 72ºC for 1 min, and a step of final extension at 72ºC 
for 7 min. The amplification products were electrophoresed in 
a 2% agarose gel and then stained with ethidium bromide.

Statistical analysis

The SPSS 19.0 software package was used to analyze all col-
lected data, of which ratios were compared by chi-square test. 
Data are presented as mean ± standard deviation (SD) and 
were compared by analysis of variance (ANOVA) or Student’s 
t-test. ROC curve was used to evaluate the diagnostic implica-
tion of SA, EA-IgA, and VCA-IgA. A statistical significance was 
defined when p<0.05.
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Results

Serum levels of SA, EA-IgA and VCA-IgA

Our results (Table 1) showed higher SA, EA-IgA, and VCA-IgA 
serum levels in nasopharynx cancer patients compared to rhi-
nitis patients, who also had higher serum levels than healthy 
individuals (p<0.05 in all cases compared).

Serum levels of SA, EA-IgA, and VCA-IgA across different 
TNM stages

We further compared the serum expression levels of these 
3 factors across different TNM stages of pharynx cancer pa-
tients and found higher serum levels of all indexes in late-
stage cases (Table 2).

ROC curve analysis

We plotted ROC curves using both healthy controls and naso-
pharynx cancer patients as the subjects. The areas under the 
curve (AUC), which represents the diagnostic efficacy, were 
0.807, 0.932, and 0.989 for SA, EA-IgA, and VCA-IgA, respec-
tively (Figure 1, Table 3). Therefore, all these 3 factors had sat-
isfactory diagnostic efficacy for nasopharynx cancer, with bet-
ter efficacy in VCA-IgA.

Sensitivity and specificity of all indexes

With reference to serum levels and ROC curves for SA, EA-IgA, 
and VCA-IgA in both normal and nasopharynx cancer patients, 
we defined positive signals as SA >650 mg/L, or EA-IgA >1.1, 
or VCA-IgA >1.1. Thus, the sensitivity and specificity of SA, 

Group
SA

(mg/L) 
EA-IgA

(against standard)
VCA-IgA

(against standard)

Control  564.51±41.42  0.55±0.11  0.64±0.22

Rhinitis  590.32±42.65*  0.79±0.17*  0.86±0.26*

Cancer  695.17±62.14*,#  1.21±0.38*,#  2.52±0.44*,#

F value 12.613 36.354 32.396

P value 0.01 0.00 0.00

Table 1. Serum levels of SA, EA-IgA and VCA-IgA.

* p<0.05 compared to the control group; # p<0.05 compared to the rhinitis patients.

Group N
SA 

(mg/L) 
EA-IgA 

(against standard)
VCA-IgA 

(against standard)

Stage I 8  608.22±32.15  0.83±0.17*  0.89±0.13*

Stage II 16  635.11±32.08*  1.14±0.16*  1.21±0.16*

Stage III 13  676.16±24.16*  1.20±0.18*  2.44±0.13*

Stage IV 5  705.05±22.34*  1.45±0.21*  2.56±0.21*

F value – 12.315 12.528 14.403

P value – 0.01 0.000 0.00

Table 2. Serum levels of SA, EA-IgA and VCA-IgA across different TNM stages.

* p<0.05 with statistical significance.

Figure 1. ROC curves of SA, EA-IgA, and VCA-IgA.
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VCA-IgA, and EA-IgA in diagnosis of nasopharynx cancer were 
30.95% and 83.33%, 76.19% and 92.86%, and 57.14% and 
95.24%, respectively. The omission diagnostic rate and misdi-
agnosis rates were 69.05% and 16.67%, 23.81% and 7.14%, 
and 42.86% and 4.76% for SA, VCA-IgA, and EA-IgA, respec-
tively. In summary, when only 1 index is used for diagnosis, 
VCA-IgA has the highest sensitivity and EA-IgA has the highest 
specificity. There were statistically significant sensitivity and 
false-positive rates among the 3 indexes (Table 4).

Diagnostic efficacy of combined assays

Using 2 or 3 of these indexes, combined assays had higher 
sensitivity (92.86%) and negative prediction power (91.18%) 
without compromising specificity (Table 5).

EBV PCR

EBV was detected in 38 of 42 cases (90%) of nasopharynx can-
cer by PCR, but not in the benign cases or the control group.

Discussion

Various factors, including genetics, EBV infection, and environ-
mental toxicity, underlie the pathogenesis of nasopharynx can-
cer [9,10]. The expression products of EBV may interact with 
related genes of epithelial cells to initiate a cascade of molec-
ular events leading to the occurrence of nasopharynx cancer, 
thus making the level of EA-IgA and VCA-IgA good clinical in-
dexes for cancer condition [11–13]. Due to the insidious onset 
and difficulty of identification in routine examination, serolog-
ical indexes are of critical importance for large-scale screening 
and early diagnosis for nasopharynx cancer [14,15]. Currently 
used indexes, such as SA, VCA-IgA, and EA-IgA, had advantag-
es over classical pathological examination after biopsy [16,17]. 
This study investigated the utility of SA, VCA-IgA, and EA-IgA 
in a combined assay for diagnosis of nasopharynx cancer.

EBV genome has been identified in most populations affected 
by nasopharynx cancer in southern China [18,19]. In the oc-
currence of cancer, the EBV genome initiates the transcription 

Index AUC SD* Significance**
95% confidence interval

Lower limit Upper limit

SA .807 .049 .000 .711 .904

EA-IgA .932 .033 .000 .868 .996

VCA- IgA .989 .009 .000 .972 .999

Table 3. Area under curve (AUC) of ROC analysis.

* Under the non-parametric hypothesis; ** null hypothesis: AUC=0.5.

Index Positive Sensitivity (%) Specificity (%)
Omission diagnosis 

(%)
Misdiagnosis (%)

SA ³650 mg/L  30.95 (13/42)  83.33 (35/42)  69.05 (29/42)  16.67 (7/42)

VCA-IgA >1.1  76.19 (32/42)  92.86 (39/42)  23.81 (10/42)  7.14 (3/42)

EA-IgA >1.1  57.14 (24/42)  95.24 (40/42)  42.86 (18/42)  4.76 (2/42)

c2 – 17.4920 3.8684 17.4920 3.8684

P – 0.00 0.14 0.00 0.14

Table 4. Test power of serum SA, EA-IgA and VCA-IgA in nasopharynx cancer diagnosis.

Indexes tested Sensitivity (%) Specificity (%) Positive power (%) Negative power (%)

SA+EA-IgA  71.43 (30/42)  76.19 (32/42) 75.00 72.73

SA+VCA-IgA  83.33 (35/42)  78.57 (33/42) 79.55 82.50

EA-IgA+ VCA-IgA  90.48 (38/42)  88.10 (37/42) 88.37 90.24

SA+ EA-IgA+ VCA-IgA  92.86 (39/42)  73.81 (31/42) 78.00 91.18

Table 5. Combined assay.
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of EBV antigens in epithelial cells. Therefore, serum levels of 
EA-IgA and VCA-IgA may effectively reflect the proliferation of 
EBV and the condition of the nasopharynx at an early stage. 
SA, on the other hand, is widely distributed in body tissues, 
where they are conjugated with glycoproteins or carbohydrate 
chains of glycolipid molecules and participate in cell surface 
physiological functions. The dynamic change of cell surface 
SA levels is correlated with malignant tumor progression and 
thus is recognized as a tumor marker [20]. This study revealed 
higher serum levels of SA, EA-IgA, and VCA-IgA in nasopharynx 
cancer patients compared to rhinitis patients, who had higher 
serum levels of those 3 factors than control adults. Moreover, 
cancer patients with late-stage tumors had further elevated 
serum indexes. TNM stage is a major factor predicting prog-
nosis of cancer. Current studies have not proved the efficacy 
of using serum EA-IgA and VCA-IgA levels in determining TNM 
stage of cancer, probably due to the relatively longer half-life 
of those 2 IgA molecules. However, the consistency between 
serum indexes and TNM stage in this study suggest the po-
tential value in reflecting the condition of cancer.

When a single index was used in diagnosis, VCA-IgA had high-
er sensitivity compared to EA-IgA, but EA-IgA had higher spec-
ificity. These results suggest that EA may be produced when 
EBV initiates its replication, causing its higher specificity but 
lower sensitivity. The omission diagnostic rate of all 3 factors, 
when used singly, is relatively higher. Even double-negative 
status for VCA-IgA and EA-IgA may not completely exclude na-
sopharynx cancer. Our results showed that the combined as-
says had higher sensitivity (92.86%) and negative prediction 

power (91.18%) without compromising its specificity, which 
was comparable to the detection rate of PCR analysis (90%). 
Therefore, clinical diagnosis should be made in conjunction 
with symptoms. ROC curves showed satisfactory diagnostic 
efficacy of all 3 of these serum indexes, among which VCA-
IgA had the highest efficacy. A single index, however, may not 
result in confirmed diagnosis, making the combined assay of 
all 3 indexes preferable due to improved sensitivity and neg-
ative power without compromising specificity. The combined 
assay has its inherent complementary benefits in the early-
diagnosis of nasopharynx cancer, therefore improving the di-
agnostic power of serological examination. In clinical practice, 
parallel assays including serological assays and pathological 
examinations are required to overcome the limit of a single 
index, thus minimizing the diagnostic omission or misdiag-
nosis. Such laboratory results should be considered together 
with clinical symptoms, such as nose bleeding without known 
reason, unilateral progressive obstruction of Eustachian tube, 
insidious headache, or neck lymph node swelling. Only by the 
comprehensive consideration of both clinical and laboratory 
results can one obtain accurate diagnosis.

Conclusions

Serum levels of SA, EA-IgA, and VCA-IgA were higher in naso-
pharynx patients, and the combined assay of these 3 factors 
has clinical utility for diagnosis and prognostic prediction for 
cancer patients.
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