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Nasopharyngeal carcinoma (NPC) is the most prevalent ENT-
tumour in Indonesia. We investigated the primary diagnostic
value of Epstein-Barr virus (EBV) DNA load and mRNA detection
in noninvasive nasopharyngeal (NP) brushings, obtained prospec-
tively from consecutive Indonesian ENT-patients with suspected
NPC (N 5 106) and controls. A subsequent routine NP biopsy was
taken for pathological examination and EBER-RISH, yielding 85
confirmed NPC and 21 non-NPC tumour patients. EBV DNA and
human DNA load were quantified by real-time PCR. NP brushings
from NPC patients contained extremely high EBV DNA loads
compared to the 88 non-NPC controls (p < 0.0001). Using mean
EBV DNA load in controls plus 3 SD as cut-off value, specificity,
sensitivity, positive and negative predictive values were 98, 90, 97
and 91%, respectively. Epstein-Barr nuclear antigen 1 (EBNA1)
and the carcinoma-specific BARF1 mRNA were detected by
nucleic acid sequence based amplification and found in 86 and
74% of NP brushings, confirming NPC tumour cell presence. EBV
RNA positivity was even higher in fresh samples stored at 280�C
until RNA expression analyses (88% for both EBNA1 and
BARF1). EBV RNA-negative NP brushings from proven NPC
cases had the lowest EBV DNA loads, indicating erroneous sam-
pling. No EBV mRNA was detected in NP brushings from healthy
donors and non-NPC patients. In conclusion, EBV DNA load mea-
surement combined with detection of BARF1 mRNA in simple NP
brushings allows noninvasive NPC diagnosis. It reflects carci-
noma-specific EBV involvement at the anatomical site of tumour
development and reduces the need for invasive biopsies. This pro-
cedure may be useful for confirmatory diagnosis in large serologi-
cal NPC screening programs and has potential as prognostic tool.
' 2006 Wiley-Liss, Inc.
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Undifferentiated nasopharyngeal carcinoma (NPC WHO type
III) is virtually 100% associated with Epstein-Barr virus (EBV)
and has a reported high incidence in most of South-East Asia and
intermediate incidence in North-African populations and in
Inuit.1–3 In Indonesia, with an ethnically diverse population of 225
million people, NPC is the most common ENT tumour with high
prevalence among native populations and a yearly overall inci-
dence estimated at 6.2/100,000.4 Extremely high incidence was
recently documented in native populations living on the island of
Sulawesi.5 In Yogyakarta, Central Java, NPC is the most prevalent
tumour among man and 4th most prevalent among females, with a
male/female ratio of 2.4, constituting respectively 22 and 8% of
all diagnosed malignancies.4

The strong etiological link between EBV and NPC has been
known for over 3 decades1–3,6 and is reflected by abnormal anti-
EBV antibody profiles, increased circulating EBV DNA levels
and by distinct EBV gene expression in the tumour cells.7–11 Clas-
sically, NPC is considered to have a latency type 2 EBV transcrip-
tion, with expression of EBV-encoded small RNAs 1 and 2
(EBER1/2), BamHI A rightward transcripts (BARTs), Epstein-
Barr nuclear antigen 1 (EBNA1) and latent membrane protein 2
(LMP2), while LMP1 is more heterogeneously expressed.2,12,13

Previously, we and others showed additional transcription of a vi-
ral oncogene encoded in the BamHI-A rightward frame 1
(BARF1).10,14,15 BARF1 mRNA is exclusively expressed in EBV-

positive carcinomas (i.e. NPC and EBV-positive gastric carcino-
mas) and is virtually absent from EBV-linked lymphoma.10,15

BARF1 has transforming activity in vitro and in vivo.16–18 BARF1
encodes a 33 kDa type-II membrane protein that can be cleaved
after amino acid 20 to release a soluble 29 kDa fragment with mi-
togenic activity, whereas the remaining transmembrane domain
increases bcl-2 expression, thus contributing to cell growth and
survival. Recent reports further substantiated that BARF1 protein
is rapidly and efficiently secreted by epithelial cells.19–21 Currently,
diagnosis of WHO type III NPC requires a biopsy from the
primary tumour site or metastases for histopathological assess-
ment and demonstration of EBV involvement by in situ hybridisa-
tion for EBER1/2. Even at the early stages of NPC, patients are
characterised by aberrant serological responses to EBV compared
to healthy EBV-carriers. Both IgG and IgA antibody responses to
defined EBV proteins may be used as NPC markers.11 Quantita-
tion of circulating EBV DNA may be useful for prognostic moni-
toring in a subset of patients,9 but because of low or negative EBV
DNA values in a significant number of NPC patients, this method
is less suited for primary diagnosis.22 EBV DNA in the blood of
NPC patients appears highly fragmented, reflecting tumour apo-
ptosis or necrosis.22,23

Because serology and quantitation of circulating viral DNA
only indirectly reflect carcinoma-associated activity of EBV in the
nasopharyngeal (NP) region, we further explored the consistent
etiological link between NPC and EBV in this study. We hypothe-
sized that NPC may be more directly reflected by elevated viral
DNA levels plus carcinoma-specific viral transcriptional activity
at the site of the primary tumour. This is indicated by recent
reports, showing elevated EBV DNA loads in NP swab samples of
NPC patients using nonstandardized PCR techniques.24–27 Thus,
we investigated in more detail the diagnostic value of EBV DNA
load quantification and EBV mRNA detection, in particular
BARF1 and EBNA1 mRNA, in NP brushing specimens from con-
secutive Indonesian ENT patients with suspected NPC and various
controls. In all patients suspected for NPC a biopsy was taken
from the same site to confirm presence or absence of NPC by
using EBER in situ hybridisation (EBER-RISH) and immunohis-
tochemical staining for EBNA1 and LMP1. We used a clinically
well-validated LightCycler (LC)-based real-time PCR for rapid
and accurate EBV DNA load determination28,29 and nucleic acid
sequence based amplification (NASBA) assays for sensitive and
specific detection of viral mRNAs in high EBV DNA back-
grounds.10,15 RT-PCR was used in addition to confirm the pres-
ence of spliced EBV mRNA. This combined EBV DNA/mRNA
approach may enable diagnosis of NPC by directly revealing aber-
rant tumour-related EBV activity at the anatomical site of NPC
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tumour development. This noninvasive procedure may allow
objective NPC diagnosis and may reduce the number of invasive
biopsies required. It may also be used as confirmatory test in sero-
logical screening programs and is a putative prognostic tool.

Materials and methods

Patients

NPC patients (N 5 85) were identified at Sardjito Academic
Hospital, Gadjah Mada University School of Medicine, (Yogya-
karta, Indonesia) in a population of 106 ENT-patients suspected of
having NPC based on first clinical examination in the period
2002–2004. Diagnosis was based on pathological assessment of
paraffin-embedded tumour biopsy specimens, EBER1/2 in situ
hybridisation using commercial PNA-based hybridisation probes
(Dakocytomation, Glostrup, Denmark) and immunohistochemical
staining for EBNA1 and LMP1, using previously described mono-
clonal antibodies.30,31 Approval of the local medical ethical com-
mittee was obtained for this study and all patients and controls
signed for informed consent. TNM staging was done for all
patients as described previously32 using clinical measurements
and CT scans as part of the routine work-up.

Cell lines

The EBV-positive NPC cell line C666-1 (kindly provided by
Dr. Dolly Huang), the EBV-positive marmoset lymphoblastoid
cell line (LCL) B95-8 and the human LCL JY were used as posi-
tive control for RNA amplification. Besides EBV latent RNAs,
both LCLs express B-cell associated lytic cycle EBV RNAs in a
minority of cells, including BARF1 mRNA. The C666-1 NPC cell
line has a latent EBV transcription phenotype including BARF1
mRNA expression. The EBV-negative Burkitt’s lymphoma cell
line Ramos (ATCC CRL-1596) was used as negative control.

Nasopharyngeal brushing samples

NP brushing was performed by experienced ENT-specialists
and ENT resident trainees. In all cases, the NP brush sample was
taken prior to the biopsy in patients with suspected NPC, and both
were sampled from the same site, as defined by nasendoscopy. In
total, 85 NP brush samples were obtained from patients with sub-
sequently biopsy-proven EBER-positive NPC. Suspected NPC
patients who yielded an EBER-negative biopsy but were diag-
nosed with ENT malignancy were included as non-NPC tumour
controls. In total, 88 control NP brushings were sampled, obtained
from 21 patients with non-EBV-associated head and neck carcino-
mas and 22 patients with other otorhinolaryngological complaints;
as well as from healthy EBV-seropositive donors from the Yogya-
karta region (N 5 28) and Amsterdam (N 5 15) and 2 EBV-sero-
negative donors.

Nasendoscopy-guided NP brushings were taken after applying
local anaesthetic spray (1% Lidocaine; AstraZeneca, Waltham,
MA). A flexible nasendoscope was used to evaluate the entire
nasopharynx and the site of tumour involvement. For the brushing,
a standard Cytobrush Plus (Medscand, Malm€o, Sweden) with a
wire shaft was used, which was contained in a plastic catheter cov-
ering the entire shaft of the brush, to prevent contamination of
cells from non-NP sites. The catheter with brush was inserted via
the nose until the nasopharynx was reached. Then the brush was
released from the catheter and the cytobrush was gently rotated
for several times over the NP epithelium, returned into the catheter
and removed. Subsequently, for an initial series of samples, 2
smears were made on glass slides for cytological evaluation and
then the cytobrush tip (�1.5 cm) was cut-off and placed in 4 ml of
NucliSens lysis buffer (BioMerieux, Boxtel, The Netherlands),
mixed well and stored at 280�C until use. This buffer instantly
stabilizes DNA and RNA, permitting short-term transport and
storage at ambient temperatures and enabling long-term preserva-
tion at 280�C.33,34

EBV parameters in the brushing specimens were retrospectively
analysed batch wise and in a blinded fashion at the department of
Pathology, VU Medical Centre, Amsterdam, The Netherlands,
uninformed about the NPC status of the patients. For this purpose
NP brushing samples collected in Indonesia and stored in lysis
buffer within 2 hr after collection were sent on dry ice to Amster-
dam in 2 batches. The first arrived in thawed condition, whereas
the second was kept on dry ice during the entire transport. Further-
more, in order to yield as many NPC cells as possible for DNA
and RNA analyses, brushes from the second batch were directly
put in NucliSens lysis buffer without preparing glass slides for cy-
tology. This was also done for the posttherapy follow-up samples.

Blood and serum samples

Blood samples (9 ml) were drawn at the time of NP brushing/bi-
opsy collection and 0.5 ml was mixed immediately with 4.5 ml
NucliSens lysis buffer and stored at 280�C. The remaining blood
was used for preparation of serum by clotting at 14�C overnight
and subsequent removal of the clot by centrifugation. Serum was
aliquoted and stored at 220�C.

Nucleic acid isolation by silica-based extraction

DNA and RNA were simultaneously isolated from NP brushing
samples by silica-based nucleic acid extraction as described previ-
ously.35 One milliliter of lysate was used as input for the isolation
procedure and the nucleic acids were eluted in 100 ll of elution
buffer. Reagents for the isolation procedure were obtained from
BioMerieux, Boxtel, The Netherlands.

EBV DNA load and cellular DNA quantification by
quantitative LC-based real-time PCR assays

EBV DNA load in NP brushings was determined by a quantita-
tive LC-based real-time PCR targeting a highly conserved 213 bp
region of EBNA1, a single copy gene of EBV. This assay was
described in detail by us elsewhere.28,29

The amount of human diploid genome equivalents in NP brush-
ing specimens was determined by quantitative LC-PCR targeting
a 197 bp fragment of the human b-globin gene.36 Five microliters
of nucleic acid eluate was used as input for all PCR assays. b-glo-
bin DNA-negative samples (N 5 1) were excluded from the study.

Nucleic acid sequence based amplification
for EBV RNA detection

NASBA is a sensitive, isothermal RNA amplification technique
that enables specific RNA amplification in a high DNA back-
ground, regardless of RNA splice patterns.37 NASBA reagents
were obtained from BioMerieux (NucliSens basic kit, BioMerieux,
Boxtel, The Netherlands). Oligonucleotide primers for LMP2 and
(nonspliced) BARF1 mRNA were described before.10,15 EBNA1
NASBA primers were located within the (nonspliced) open read-
ing frame of this gene, enabling simultaneous amplification of all
putative splice variants and EBNA1 transcripts derived from C,
W, Q or F promotor.10,15 Analytical and relative sensitivities of
the NASBA assays were previously determined at 10 mRNA mol-
ecules and an RNA amount equivalent to <1 EBV-infected cell,
respectively.10 Finally, for detection of A3/A4-spliced BART
RNA we used an RT-PCR assay.38 Several precautions were taken
during PCR and NASBA to avoid false positivity, as described
previously.29 In all experiments appropriate negative and positive
controls were included during nucleic acid isolation and amplifi-
cation.

EBV serology

All ENT patients and healthy controls were analysed for serum
IgG and IgA antibodies to EBV-specific and immunodominant
VCA-P18 (BFRF3) and EBNA1 (BKRF1) epitopes using syn-
thetic peptide-based ELISA tests and by immunoblot for EBV-
specific IgG and IgA antibody-diversity profiling, exactly as
described before.11
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Healthy controls were characterised by restricted IgG antibody
diversity profiles with IgG antibodies to VCA-p18 and/or EBNA1,
but rarely had EBV-specific IgA antibodies. NPC patients were
characterised by positive IgG and IgA responses to VCA-p18 and
EBNA1 epitopes and all had an abnormal IgG diversity profile on
immunoblot, used as confirmatory test.11

Results

NP brushings of NPC patients contain extremely
high EBV DNA loads

The NP brushing procedure was well tolerated and none of the
patients or controls complained of any negative effects caused by
the brushing procedure, except for nasal dripping or relative mild
bleeding in �40% of suspected NPC patients and an occasional
healthy control, which was nowhere comparable to the excessive
bleeding and pain often observed during and after taking the NP
biopsy. The use of a flexible endoscope facilitated proper sam-
pling at the site of suspected tumour mass.

To assess whether the brushing procedure was a reproducible
approach to collect cells from the nasopharynx, the amount of
human diploid genome equivalents was determined first by LC
PCR in 61 NP brushing samples (48 NPC patients and 13 con-
trols). This yielded a highly consistent and comparable value for
NP brushings of both NPC patients and controls (mean 5.3 3 106;
range 4.8 3 105 – 2.9 3 107), indicating that the NP brush proce-
dure is a reliable and reproducible means of sampling (Fig. 1). No
difference was observed for the amount of human diploid genome
equivalents in NP brushings from NPC patients vs. controls
(Mann-Whitney test, p5 0.21).

Quantitative analysis of EBV DNA copies was performed using
a standardised and well-validated LC-based real-time PCR for the
single copy EBNA1 gene. All NP brushing samples (100%) from
NPC patients (N 5 85) were positive for EBV DNA, with
extremely high viral DNA loads (median: 2.37 3 106 EBV DNA
copies/brushing; mean: 5.45 3 106 EBV DNA copies/brushing;
range 1.083 102 – 4.88 3 107; Fig. 2).

In the NP brushings from the control population (N 5 88 in
total), EBV DNA was detectable in 68/88 cases (77%) but the

EBV DNA load was very low ranging from 0–4, 158 EBV DNA
copies/NP brushing only (median: 177; mean: 376 EBV DNA
copies/NP brushing). A statistically significant higher EBV DNA
load was observed in NPC patients compared to controls (Mann-
Whitney test p < 0.0001), with only marginal overlap between
these 2 groups, as shown in Figure 2. In the controls, consisting of
21 non-NPC tumour patients, 22 patients with other ENT-com-
plaints and 45 healthy donors, no differences were observed in the
mean values of EBV DNA loads between the different popula-
tions, which were similarly low in all groups (Fig. 2).

Cut-off values (COV) for EBV LC were defined by calculating
the mean EBV DNA load in NP brushings from the control popu-
lation plus 2 standard deviations (i.e. 1666 EBV DNA copies/NP
brushing) or the mean plus 3 standard deviations (i.e. 2312 EBV
DNA copies/NP brushing). These COV were used to determine
sensitivity, specificity, positive and negative predictive values, as
indicated in Table I. Using COV, these diagnostic parameters
were �90%. Of the 79 individuals exceeding the COV in PCR,
77 were confirmed as NPC cases by EBER-positive biopsies
(Table I). Only 2 controls (1 healthy EBV-carrier and 1 non-NPC
tumour patient) showed a slightly elevated EBV DNA load above
COV, illustrating the high specificity of this approach (Fig. 2, Table
I). Interestingly, the healthy carrier showed IgA reactivity to EBNA1
and VCA-p18, which is very characteristic for NPC patients, but is
normally rarely observed in healthy EBV-carriers,11 indicating puta-
tive aberrant EBV activity in this individual. We are now regularly
examining this volunteer for EBV and clinical parameters.

The EBV DNA load in the NP brush samples from NPC
patients showed no relation to the number of cells, defining 1 cell
as 2 diploid human genome equivalents (Spearman’s q 5 0.29;
see Fig. 3), indicating that most DNA collected on the brush was
derived from normal cells. This is in agreement with the cytologi-
cal observation revealing many polymorph nuclear leukocytes and

FIGURE 1 – NPC patients and controls have similar numbers of
human diploid genome equivalents/NP brushing, as determined by
quantitative LightCycler-based real-time PCR and EBV DNA load in
nasopharyngeal brushing samples (‘‘EBV DNA copies/NP brushing’’)
is unrelated to the number of diploid genome equivalents.

FIGURE 2 – Nasopharyngeal brushings obtained from NPC patients
have significantly higher EBV DNA loads compared to non-NPC con-
trols (p < 0.0001). Control group 1 consists of 45 healthy individuals
(open circles indicate the 2 EBV-seronegative individuals), control
group 2 of 22 patients with ENT complaints but without malignancy
and control group 3 consists of 21 non-NPC tumour patients. The dot-
ted line indicates the cut-off value, calculated as the mean EBV DNA
load in NP brushings from the controls plus 3 standard deviations.
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normal columnar epithelial cells with only sporadic NPC tumour
cells per field of microscopic observation (data not shown). Two
EBV-negative healthy individuals yielded negative EBV DNA
values whereas the cellular DNA load was within the normal
range. A significant linear correlation was obtained between the
EBV DNA load expressed per NP brush and the EBV DNA load
expressed per human diploid genome equivalent (Spearman’s q 5
0.94; p < 0.0001), as shown in Figure 3. This reflects the constant
level and abundance of normal cells relative to NPC cells in the
brush samples. Therefore, the value of EBV DNA load per brush
was used for all further analyses.

The amount of EBV DNA in the NP brushing was not related to
TNM stage (Kruskal-Wallis test p 5 0.223) or primary tumour
size (Kruskal-Wallis test p 5 0.755). Finally, EBV DNA load in
the NP brushing was unrelated to EBV DNA load in the whole
blood of patients (r2 5 0.05; p 5 0.07), as determined by a
recently described 99 bp LC-PCR.22

EBV RNA is abundantly detectable in NP brushings:
EBV is transcriptionally active and expresses the
carcinoma-specific BARF1 oncogene

For a total of 78 out of 85 NP brushings samples (92%) from
NPC patients, RNA profiling could be performed using NASBA
and RT-PCR. As a control for RNA quality and in order to detect
general EBV transcriptional activity, we performed a NASBA
assay for EBNA1 mRNA, which is expressed in all EBV-associ-

ated malignancies, including NPC.12 Sixty-seven out 78 (86%)
were EBNA1 mRNA-positive, reflecting EBV transcriptional ac-
tivity in NP brushing samples (Fig. 4). This was confirmed by par-
allel RT-PCR positivity for the noncoding BARTs, which were
detected in 69% of samples tested and in 76% of EBNA1 mRNA
positive samples (Table II).

To confirm that the elevated EBV DNA loads in the NP brush-
ings indeed reflect carcinoma-associated EBV activity, we investi-
gated the expression of BARF1 mRNA, a carcinoma-specific viral
transcript. BARF1 mRNA positivity was seen in 58/78 (74%) of
all samples and in 57/67 (85%) of EBNA1 mRNA-positive sam-
ples. This carcinoma-specific EBV transcription in NP brushings
directly reflects oncogenic viral activity at the anatomical site of
tumour development.

In addition to BARF1 expression, we studied expression of
LMP2 mRNA, which is consistently expressed in NPC tissue
biopsies.39 LMP2 mRNA was detectable in 67/78 (86%) of NP
brushings and in 66/67 (99%) of EBNA1-positive samples.

The first batch of NP brushing specimens analysed for EBV
mRNA arrived at ambient temperature at the Amsterdam labora-
tory (see Materials and Methods), which may influence RNA qual-
ity. Therefore, we also separately analysed the first and second
(frozen) batch of samples. For the first batch EBNA1 and BARF1
mRNA positivity was respectively 39/46 (85%) and 30/46 (65%)
in brushing samples from NPC patients. The second batch (N 5
32) showed significantly higher mRNA positivity (28/32 (88%)
for EBNA1 and 28/32 (88%) for BARF1 mRNA in NPC patients,
indicating an effect of shipment conditions on RNA quality.

Remarkably, the 8 NP brushing specimens from NPC patients
that were below COV in EBV DNA load assay (see Table I; EBV
DNA load range 108–910 EBV DNA copies/NP brushing), were
also negative for EBNA1, BARF1, BARTs and LMP2 RNA, prob-
ably reflecting incorrect sampling. b-globin DNA copies were
within the normal range for these samples.

In the control population, no EBV mRNA was detectable in the
tested NP brushings, despite positivity for a low copy cellular
U1A snRNP housekeeping RNA and the presence of EBV DNA.

TABLE I – SPECIFICITY, SENSITIVITY, POSITIVE PREDICTIVE VALUE (PPV) AND NEGATIVE PREDICTIVE VALUE
(NPV) OF EBV DNA LOAD QUANTIFICATION IN NASOPHARYNGEAL BRUSHINGS AT DIFFERENT CUT-OFF

VALUES (COV)

COV 5Mean EBV load in controls1
2 standard deviations (5 1666 EBV

DNA copies/brushing)

COV5 Mean EBV load in controls
1 3 standard deviations (5 2312
EBV DNA copies/brushing)

Below COV Above COV Below COV Above COV

NPC patients (N5 85) 8 77 8 77
Controls (N 5 88) 85 3 86 2
Specificity 97% 98%
Sensitivity 91% 91%
PPV 96% 97%
NPV 91% 91%

FIGURE 4 – EBNA I and BARF1 RNA expression in NP brushings
samples as determined by NASBA, in relation to EBV DNA load.
Shown is an autoradiogram of NASBA products hybridised with a ra-
dioactive labelled internal oligonucleotide probe.

FIGURE 3 – Linear correlation between numbers of EBV DNA cop-
ies expressed per nasopharyngeal brushing sample (‘‘EBV DNA load/
NP brushing’’) or per human diploid genome equivalent.
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This confirms our previous findings that BARF1 mRNA is a carci-
noma-specific marker.10,12,15

Discussion

Diagnosis of primary NPC currently requires pathological
assessment of a biopsy taken from the postnasal space. This is an
invasive and painful procedure that may lead to extensive bleeding
and cannot be repeated easily without compromising the patient.
In this study, we show that detection of EBV DNA load and carci-
noma-specific BARF1 mRNA in NP brushings provides a highly
specific and noninvasive diagnostic tool for NPC. Of the 79 indi-
viduals who were above COV in the quantitative EBV PCR assay,
77 were subsequently diagnosed with NPC by histological exami-
nation of an NP biopsy and demonstration of EBV involvement by
in situ EBER RNA expression. Although detection of molecular
markers may not entirely replace the biopsy, as previously indi-
cated,40,41 EBV DNA quantification in NP brushings combined
with qualitative BARF1 and EBNA1 mRNA detection may
greatly reduce the number of invasive NP biopsies required. In
addition, this method may be used repeatedly for posttherapy
monitoring and detection of local recurrent disease (study in
progress). The feasibility of this approach was recently shown27,42

and our ongoing study confirms the observations that high post-
therapy EBV DNA loads in brushing samples correlate with
unfavourable clinical outcome (data not shown). Our preliminary
data furthermore indicate that follow-up NP brushing sampling is
a noninvasive and well tolerated prognostic strategy, without any
noticeable side effects and suited for monitoring of kinetic
changes in EBV DNA load during chemo- and radiotherapy (M.A.
et al, in preparation).

The EBV DNA load approach has high positive and negative
predictive value (Table I). It can assist in clinical patient manage-
ment and it can be repeated more easily and frequently than the bi-
opsy. NP brushing with direct storage of samples in the described
DNA and RNA-stabilizing buffer33,34 is a relatively cheap method
that, combined with a portable nasendoscope, may be used ‘‘in the
field’’ in regions with high NPC incidence, e.g., in developing
countries such as Indonesia, where medical facilities are poor.
Nasendoscopy may even not be required for experienced exam-
iners. Thus, the strategy described here may improve future popu-
lation-based screening studies for confirmation of NPC presence,
for example following initial risk assessment by serological
screening for EBV-specific IgA and IgG.11 Monitoring of EBV
parameters reflecting increased viral burden and carcinoma-spe-
cific transcriptional activity is more sensitive and specific than
previously described cytological evaluation of NP brushing
smears (Refs. 43,44; Harijadi et al, unpublished data).

A small number of NP brushing samples was below COV in
LC-PCR. These specimens were also negative for EBNA1 and
BARF1 transcription, despite high total cell numbers in the sample
as determined by quantitative human b-globin PCR. This may be
because of erroneous brushing of an anatomical site with no NPC
involvement or limited release of NPC cells during brushing. NPC
cells at the surface may also be obscured by blood or tumour detri-

tus.43 However, in our study, we did not find any correlation
between NP bleeding and EBV DNA levels (data not shown).
Moreover, there is a possibility that a deeply located tumour is
missed by the NP brushing procedure, while the deep biopsy may
be able to yield sufficient number of tumour cells in such case.27,43

It is not uncommon that multiple biopsies are needed in some
patients to make definite NPC diagnosis.25 The NP brushing pro-
cedure has a false negativity rate comparable to that of the diag-
nostic NP biopsy. Repeated brushing, however, is feasible because
of its noninvasive nature compared to NP biopsies. Whether
repeated brushing could give additional primary diagnostic value
in individuals below EBV DNA load COV could not be assessed
in our current retrospective EBV DNA load analysis, but the feasi-
bility of repeating the brushing procedure without significantly
compromising the patient is apparent from the ongoing prognostic
follow-up study discussed above.

Some studies showed complete absence of EBV DNA in NP
brushings obtained from healthy EBV-carriers.24,26 This may be
because of insensitive, qualitative (multiplex) PCR assays24 or
insufficient brushing of the NP epithelium in these controls. In
contrast, several other studies25,45 and our present study using sen-
sitive quantitative real-time PCR, have found EBV DNA in brush-
ing specimens from most healthy carriers, albeit at low levels.
This is not surprising, as EBV-infected B-lymphocytes have a
homing preference for the NP region (Waldeyer’s ring) and virus
is shed into the oropharyngeal space.46,47

It is yet unclear whether the carcinoma-specific BARF1 mRNA
is consistently expressed in all NPC cases. Decaussin et al.48

showed BARF1 mRNA expression in 85% (23/27) of EBV-posi-
tive, North African NPC biopsies (all confirmed by protein detec-
tion). In our current larger study, we found a similar positivity
rate, with BARF1 mRNA in 88% of EBNA1 mRNA-positive sam-
ples. This may indicate that BARF1 expression is heterogeneous
between tumours, although low RNA expression levels in a minor-
ity of tumour cells cannot be excluded. We could detect viral
LMP2 mRNA in nearly all tested samples and recent studies
showed that this gene may contribute to carcinogenesis.49,50 We
believe BARF1 mRNA is a better NPC marker, because LMP2
may be detectable in latently EBV-infected B-cells in the circula-
tion of healthy EBV-seropositive individuals and is therefore not
carcinoma-specific.46 However, since LMP2 mRNA is absent
from control brushings, the high transcription level in tumour cells
in NPC patients may be used as carcinoma marker, e.g. by using a
quantitative NASBA or RT-PCR assay.

In addition to viral RNA profiling, the NP brushing specimen
could also be useful for investigating EBV gene polymorphisms,
mutations in human oncogenes, epigenetic changes and for cellu-
lar gene expression profiling to predict tumour behaviour and
prognostication. Sensitivity and specificity of the NP brushing pro-
cedure may be increased by using a combination of molecular car-
cinoma markers.25,40,41 Cellular genetic markers, e.g. hypermeth-
ylation of numerous tumour suppressor gene promotor regions,
have been described25,40,41 and could putatively be added to future
multianalyte NPC screenings approaches, for example to confirm
first-round serological EBV screening. This is, however, the first

TABLE II – EBV RNA POSITIVITY IN NASOPHARYNGEAL BRUSHING SAMPLES OBTAINED FROM NPC PATIENTS

EBV RNA
target

All brushing samples Brushing samples stored at 280�C

No. positive
NP brushings/
no. tested

No. positive
NP brushings/no.

EBNA1-positive NP brushings

No. positive
NP brushings/
no. tested

No. positive
NP brushings/no.

EBNA1-positive NP brushings

EBNA1 67/78 (86%) na 28/32 (88%) na
BARF1 58/78 (74%) 57/67 (85%) 28/32 (88%) 27/28 (96%)
BARTs 54/78 (69%) 51/67 (76%) 23/32 (72%) 20/28 (72%)
LMP2 67/78 (86%) 66/67 (99%) 29/32 (91%) 28/28 (100%)

EBNA1, Epstein-Barr nuclear antigen 1; BARF1, BamHI-A rightward frame 1; BARTs, BamHI-A rightward transcripts and LMP2, latent
membrane protein 2. Data are shown for all collected brushing samples for which RNA analyses could be completed (N 5 78, including samples
stored at room temperature) and for the batch of fresh samples, which was consistently stored at 280�C until RNA isolation and amplification
procedures (N 5 32).
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description of an EBV-encoded oncogene, i.e. BARF1, as a carci-
noma marker in NP brushings.

Although EBV DNA load monitoring in blood, plasma or serum
of NPC patients has widely been described, circulating viral DNA
levels are relatively low (100–2,000 copies/ml plasma or blood) in
a significant subset of NPC patients thus making accurate quantifi-
cation and definite diagnosis difficult.22 The circulating EBV
DNA is fragmented and is probably derived from apoptosed NPC
cells releasing their DNA content into the blood.22,23 Furthermore,
blood samples from NPC patients are BARF1 mRNA-negative,22

indicating absence of circulating tumour cells. Thus demonstration
of an elevated viral DNA burden plus carcinoma-specific viral
mRNA expression in NP brushings is preferable in patients sus-
pected for NPC.

In conclusion, quantitative monitoring of EBV DNA and simul-
taneous EBNA1 and BARF1 mRNA detection in NP brushing
samples is a specific, noninvasive tool for diagnosis in patients
suspected for NPC, directly detecting aberrant and carcinoma-spe-
cific EBV activity at the anatomical site of primary tumour devel-

opment. Because of its noninvasive nature the NP brushing
method would be a valuable tool that can be used frequently dur-
ing prognostic follow-up. Moreover, the NP-brush method may be
particularly useful as confirmatory test for NPC risk assessment in
population screening studies, using for example IgA and IgG se-
rology to specific EBV proteins as initial diagnostic marker.11 Our
approach may further support implementation of population-based
screening programs in South-East Asia and North Africa, where
NPC incidence is the highest. The feasibility of such an approach
is underlined by studies from our institute indicating detection of
human papillomavirus DNA in cervical brushings as a sensitive
tool for population-based cervical carcinoma screenings pro-
grams.51,52
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