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Background. Oral Epstein-Barr virus (EBV) status reflects host EBV activity and potentially links to EBV-associated diseases,
however, factors influencing oral EBV loads or reactivation, such as environmental exposures or host factors, are not fully understood.

Methods.

A 2-stage, multicenter, cross-sectional study of 6558 subjects from 21 administrative cities of southern China and 3

populations from representative geographical areas in China (referred to as the south, north, and northeastern populations) was
performed. The relationships between demographical factors and environmental exposures to EBV loads were analyzed by logistic

regression models.
Results.

Current smoking, with a dose-response effect, was found to be strongly associated with higher oral EBV loads in the

pooled data, with an odds ratio of 1.58 (95% confidence interval, 1.39-1.79), as well as in each of the separate populations. The odds
ratio increased to 3.06 when current smokers in southern China were compared to never smokers in northern China. Additionally,
higher oral EBV loads tended to be detected in older participants, male participants, and participants in southern China.

Conclusions.

This study provided evidence linking the effect of host-environmental factors, particularly smoking, to oral EBV

activity. It could strengthen our understanding of the possible causal roles of EBV-related diseases, which may help to prevent or

mitigate EBV-associated diseases.
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More than 95% of adults worldwide have been infected with
Epstein-Barr virus (EBV), and in most the virus persists inside
resting memory B cells asymptomatically [1, 2]. It has been sug-
gested that Waldeyer’s ring is the most common and important
site for EBV replication and persistence, which is characterized
by low-level viral shedding in saliva. EBV can be reactivated
irregularly during one’s lifetime through yet unclear mecha-
nisms, exhibiting a switch from latent infection to lytic replica-
tion and resulting in large quantities of EBV particles releasing
into saliva [3]. Saliva exchange is the main mode of EBV trans-
mission from person to person [4].

According to the latest report, 2.2 million new cancer cases
(15.4%) were attributable to carcinogenic pathogens worldwide,
and EBV, as the fifth most common infectious cause of cancer,
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caused about 120000 new cases in 2012, including lymphoid
and epithelial malignancies [5]. A prospective study found that
children with higher EBV antibody levels against lytic EBV
have a 30-fold higher risk of Burkitt lymphoma than those with
low antibody levels [6]. Another cohort study showed that ele-
vated anti-EBV antibody levels could be observed in patients
with Hodgkin disease before diagnosis [7, 8]. Several long-
term prospective studies of nasopharyngeal carcinoma (NPC)
also concluded similarly that people who carried elevated lev-
els of immunoglobulin A (IgA) to viral capsid antigen, IgA to
early antigen, or DNase may have a 20-30-fold increased risk
of NPC in EBV-endemic areas in southern China and Taiwan,
and the serological window could be detected several years
before NPC diagnosis [9, 10]. All of these findings consist-
ently suggest that individuals with high lytic EBV antibody
levels have greatly increased malignancy risks, revealing that
EBV reactivation could be present prior to clinical onset. Given
that EBV reactivation appears to play an important role in the
pathogenesis of EBV-associated disease [11-17], determining
the inducing factors would be helpful in the primary preven-
tion of EBV reactivation, even to the EBV-associated diseases.
Several agents, such as tetradecanoylphorbol acetate, phorbol
ester, calcium ionophores, and some extracts of food containing
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mycotoxin aflatoxin B1, Cantonese-style salted fish, Chinese
herbs have been reported to contribute to EBV reactivation
[18-25]. However, most of these synthetic or natural inducers
of EBV reactivation are reported on the basis of in vitro or in
vivo experiments and lack support by epidemiological data.
The aberrant elevations in global serum anti-EBV antibody lev-
els have served as indirect markers of EBV activity. To date, how-
ever, characteristics of oral EBV infection, which directly reflect
EBV activity, and oral EBV activation-associated host-environ-
ment factors have not been systematically studied, partly because
of the variability in oral EBV loads or limited sample sizes [26-28].
Here, we performed a large epidemiological study to sys-
tematically evaluate the associations between oral EBV loads
and both demographical factors and environmental exposures
among healthy carriers in China. A 2-stage, cross-sectional study
including 4 independent cohorts was conducted, and oral EBV
loads were analyzed separately and jointly. The epidemiological
study of oral EBV loads could improve understanding of oral
EBV infection status; person-to-person EBV transmission that
results in primary infection in infants or young children, rein-
fection in adults, and coinfection with different EBV subtypes
in adults; and possibly the etiology of some EBV-related dis-
eases, particularly NPC, which is prevalent in southern China.

METHODS

Study Populations
This project of the Chinese Environment, EBV, and Cancer
Study (CEEC) was reviewed and approved by the Human Ethics

Committee of Sun Yat-sen University Cancer Center. Written
informed consent was obtained from each subject before the in-
terview. Briefly, we conducted a 2-stage, multicenter study with
4 independent populations. One population, enrolled during
the initial stage, was from 21 cities in Guangdong Province in
southern China (defined as the 21RCCP population). The re-
maining 3 populations, enrolled during the validation stage,
were from Sihui City in Guangdong Province (defined as the
south population), Yangquan City in Shanxi Province (defined
as the north population), and Mishan City in Heilongjiang
Province (defined as the northeast population). The geo-
graphical distribution of the study populations is presented in
Figure 1. All male and female individuals were eligible if they
(1) were aged 20-80 years; (2) were free from any history of
cancer, immunological diseases, or acute diseases; (3) were local
residents who had lived in their ancestral home >10 years; and
(4) could answer the questionnaire independently.

The 21RCCP population was taken from the healthy subjects
reported in our previous study. Briefly, 2275 healthy controls
were recruited from physical examination centers in 21 admin-
istrative cities in Guangdong Province between 1 October 2005
and 1 October 2007. This study included 1640 subjects with
mouthwash samples; the sex of 1154 was male, the sex of 486
was female, and the mean age (+SD) was 46.40 + 11.39.

To validate the findings in the 2IRCCP population, we ex-
tended our study to 3 additional independent healthy popula-
tions. The south population was composed of healthy residents
from several administrative villages in Sihui City who were
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enrolled between 1 October 2015 and 1 August 2016. Initially,
1234 healthy participants were recruited, but 11 participants
were excluded because of a lack of samples. Of the 1223 enrolled
subjects, the sex of 839 was male, the sex of 384 was female,
and the mean age (+SD) was 46.89 + 11.47 years. The north
population was composed of healthy subjects who underwent
physical examination in the First General Hospital of Yangquan
City between 1 May and 1 October 2014. Initially, 2506 healthy
volunteers were consecutively enrolled, but 90 subjects were
excluded because they did not have saliva samples. Of the 2416
enrolled subjects, the sex of 1918 was male, the sex of 498 was
female, and the mean age (£SD) was 46.74 + 11.16 years. For the
northeast population, healthy participants were enrolled from 2
locations. The first location was the General Hospital of Mishan
City, where people underwent health check-ups, and the second
location comprised several administrative villages in Mishan
City. Healthy residents were recruited from both locations be-
tween 1 May and 1 September 2015. Initially, 1287 healthy par-
ticipants were recruited, but 9 subjects were excluded because of
a lack of samples. Of the 1279 enrolled subjects, the sex of 899
was male, the sex of 380 was female, and the mean age (+SD)
was 46.17 + 11.48 years.

Demographic and Behavioral Data Collection

All CEEC participants were asked to complete a comprehensive
face-to-face interview conducted by well-trained investigators,
using structured questionnaires. Demographic data (ie, age,
sex, and education level) and history of cancer in first-degree
relatives were collected. Data on environmental exposures, such
as smoking, alcohol consumption, and consumption of pre-
served vegetables, were recorded. For the female participants
in the north population, information about age, sex, education
level, and smoking status were collected. Additionally, data on
the consumption of the Cantonese dietary components of slow-
cooked soup, tea, herbal tea, and salted fish were also collected
specifically for the south population (Supplementary Materials).

Collection of Oral Samples, Extraction of EBV DNA, and Quantification of
EBV DNA Loads

Saliva and mouthwash were recognized as 2 types of samples
frequently used for oral EBV detection. For the 21RCCP pop-
ulation, 10-mL mouthwash samples were collected, and for the
other 3 populations, 2-3-mL pure saliva samples were collected
(Supplementary Materials). All samples were collected and pro-
cessed by standard procedures. Oral EBV loads were quantified
by real-time quantitative polymerase chain reaction (PCR) as
the number of EBV DNA copies per milliliter in mouthwash or
saliva specimens (Supplementary Materials) [29-31]. The sen-
sitivity of real-time quantitative PCR (5 copies per reaction) was
calculated by a standard serial dilution of DNA (Supplementary
Figure 1). All samples were tested in duplicate by the same
experimenters.

Statistical Analyses

Since the distribution of data on EBV loads in mouthwash or
saliva samples were highly skewed, oral EBV loads were log,
transformed before analysis. In the comparison of EBV DNA
loads among geographical areas, data from the 21RCCP pop-
ulation was not included because the quantity of virus loads
in mouthwash specimens from this group was not compara-
ble with that in saliva specimens from the 3 other populations.
However, in the association analysis of oral EBV loads and risk
factors, all data were included and treated as categorical data
according to their corresponding median values. Univariate
logistic regression and multivariable analysis were conducted to
calculate the odds ratios (ORs) and 95% confidence intervals
(CIs) for potential risk factors associated with higher oral EBV
levels. Ordered logistic regression was used to assess the risk
of higher salivary EBV loads among different populations by
dividing the EBV loads from the 4 populations into quartiles.
Additive interaction was calculated to analyze the synergistic
effect between different geographical populations and smoking
status on the risk of higher oral EBV loads. Considering the dra-
matic different NPC rates among different geographical areas,
we combined the 21RCCP and south populations (defined as
the southern China population), where the NPC incidence was
10-20 cases/100 000, and we combined the north and northeast
populations (defined as the northern China population), where
the NPC incidence was <2 cases/100 000, in the subgroup anal-
ysis. Analyses were performed in Stata 10.0 (Stata Corp, College
Station, TX). The raw data in this article have been successfully
uploaded and locked in the Research Data Deposit (number
RDDA2018000552).

RESULTS

Geographical Difference of EBV DNA Loads

In total, 6558 subjects (1640 in the initial cross-sectional study
and 4918 in the extended study) were included in this study.
Oral EBV was detected in 78.88% of subjects (5173 of 6558). To
find possible differences in salivary EBV levels among differ-
ent geographical areas in China, median EBV DNA loads from
populations in different areas were analyzed. We found that sal-
ivary EBV loads were higher in subjects in the south popula-
tion, which has the highest risk of NPC among populations in
this study, than in those in the north and northeast populations.
The median log -transformed EBV load was 5.58 copies/mL
(interquartile range [IQR], 3.92-6.55 copies/mL) in the south
population, 4.57 copies/mL (IQR, 2.89-6.08 copies/mL) in
the northeast population, and 3.75 copies/mL (IQR, 0.00-5.40
copies/mL) in the north population. Ratios of the median EBV
loads showed a 68-fold difference between the south population
(3.83 x 10° copies/mL) and the north population (5.62 x 10°
copies/mL) and a 10-fold difference between the south pop-
ulation and the northeast populations (3.71 x 10* copies/mL;
Table 1).
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Table 1.

Comparison of Salivary Epstein-Barr Virus (EBV) DNA Loads Among Healthy Subjects in Different Geographical Areas of China

North Population

Northeast Population South Population

Salivary EBV Load (n = 2416) (n=1279) (n=1223)
Overall, EBV NDA copies/mL, median (IQR) 3.75 (0.00-5.40) 4.57 (2.89-6.08) 5.568 (3.92-6.55)
<P, P subjects, no. (%) 809 (33.49) 263 (20.56) 156 (12.76)

P, to <P, P subjects, no. (%) 640 (26.49) 356 (27.83) 232 (18.97)

P, to <P, P subjects, no. (%) 581 (24.05) 310 (24.24) 345 (28.21)
>P, P subjects, no. (%) 386 (15.98) 350 (27.37) 490 (40.07)

OR (95% Cl)® 1.00 (reference) 2.03 (1.79-2.31) 3.80 (3.33-4.34)

?Medians and interquartile ranges (IQRs) were used to describe the distribution of EBV loads among different populations, and log,-transformed numbers of EBV copies/mL of saliva was

used since the original values were highly skewed .

5P, Py, and P, refer to the first quartile of 10259, the median of 10*47, and third quartile of 1099 EBV copies/mL of saliva, respectively, in the total population of 4918 subjects .

°Ordered logistic regression analyses were used to assess odds ratios (ORs) and 95% confidence intervals (Cls) by adjusting for age (continuous variable), sex (male or female), and educa-

tion level (high school and less or university and greater) .

Oral EBV DNA Loads and Demographic Factors

Several demographic factors, including age, sex, and education
level, were associated with oral EBV levels in each of the 4 pop-
ulations. Overall, log,-transformed median oral EBV loads in
male subjects were higher than those in female subjects (4.78
copies/mL [IQR, 3.10-6.00 copies/mL] vs 3.60 copies/mL [IQR,
0-5.18 copies/mL]; adjusted OR, 2.05; 95% CI, 1.83-2.30). Oral
EBV loads increased with age (P < .001). Subjects with higher
education levels, especially those with bachelor’s degrees or
higher, had lower oral EBV levels than those with low education
levels of high school or less (adjusted OR, 0.88; 95% CI, .78-
.98). No association was detected between family history of can-
cer and oral EBV load in this study (Table 2).

Current Smoking Enhances Oral EBV DNA Loads

Among the environmental factors we investigated, cigarette
smoking was consistently associated with higher oral EBV
levels, not only in the pooled data (adjusted OR, 1.58; 95%
CI, 1.39-1.79) but also in each of the 4 populations. The rela-
tionship between smoking and higher oral EBV loads was
only observed in current smokers and not in former smokers
(Table 2 and Supplementary Table 1). To confirm the relation-
ship between current smoking and higher oral EBV levels, we
performed a subgroup analysis according to smoking status and
found consistent and solid dose-response relationships between
current smoking and higher oral EBV loads. Smokers with a
longer smoking history, a greater number of cigarette packs
smoked per day, a greater cumulative number of pack-years of
smoking, and inhalation of smoke often had higher oral EBV
levels both in the pooled data (Table 3) and in each of the 4
populations (Supplementary Table 2).

Moreover, we found a synergistic interaction between dif-
ferent geographical areas and smoking status on higher oral
loads in an additive model (attributable proportion, 0.28 [95%
CI, .14-.41]; synergism index, 1.69 [95% CI, 1.24-2.31]), al-
though we did not find a similar interaction in the multipli-
cative model (Table 4). The risk of higher oral EBV loads for
current smokers in southern China (ie, subjects in the 2IRCCP

and the south populations) were markedly increased, reaching
levels 3-fold greater than the risk for never smokers in northern
China (ie, subjects in the north and northeast populations;
OR, 3.06; 95% CI, 2.55-3.67). More-detailed subgroup analyses
between smoking status and higher oral EBV load risk among
different geographical populations are presented in Figure 2.

Additionally, we found other factors associated with oral
EBV loads in the pooled data. The consumption of herbal tea
and Cantonese soup were positively associated with higher oral
EBV loads, and the consumption of alcohol and tea were neg-
atively associated with higher oral EBV loads, although we did
not observe similar associations in each population separately
(Table 2 and Supplementary Table 1).

DISCUSSION

Our study was a large-scale, multicenter epidemiological study
to investigate the oral EBV loads among subjects in multiple
independent healthy populations in China. To ensure the reli-
ability and accuracy of the data, several steps have been taken
in our study design. First, uniformly structured questionnaires
and consecutive enrollment of participants were used through-
out our cross-sectional studies. This may reduce possible bias
due to nonrandom selection of subjects, recall bias, and report-
ing bias. This was evidenced by the nearly matched prevalence
of current smoking between our study population (52.9%
for male subjects and 1.2 % for female subjects) and findings
from the Global Adult Tobacco Survey in China from the lat-
est WHO report (52.9% and 2.4%, respectively). Second, the
validity of the questionnaires was tested in 906 subjects from
the 21RCCP population by comparison of self-reported smok-
ing status with serum cotinine levels, an objective indicator of
smoking. Self-reported smoking status was highly concord-
ant with median serum cotinine levels, with values of 0.99 ng/
mL (IQR, 0.60-1.53 ng/mL), 1.44 ng/mL (IQR, 0.88-2.75 ng/
mL), and 143.92 ng/mL (IQR, 73.01-228.33 ng/mL) for never
smokers, former smokers, and current smokers. Oral EBV loads
were correlated with serum cotinine levels (P = .0008; data not
shown). In addition, we established a reliable method to quantify
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Table 2. Associations Between Potential Risk Factors and Oral Epstein-Barr Virus (EBV) Levels Among Healthy Subjects in China

Subjects With Low Oral EBV Loads,? Subjects With High Oral EBV Loads,? Adjusted

Variable? No. (%) No. (%) OR (95% Cl) OR (95% Cl)©
Age, y

<30 270 (567.20) 202 (42.80) 1.00 (reference) 1.00 (reference)

31-40 865 (52.78) 774 (4722) 1.20 (.97-1.47) 1.14 (.92-1.40)

41-50 1106 (51.78) 1030 (48.22) 1.24 (1.02-1.52) 1.15 (.93-1.41)

51-60 715 (45.22) 866 (54.78) 1.62 (1.32-1.99) 1.48 (1.19-1.83)

>60 321 (44.03) 408 (55.97) 1.70 (1.34-2.15) 1.60 (1.26-2.04)

B <.001 <.001
Sex

Female 1102 (63.04) 646 (36.96) 1.00 (reference) 1.00 (reference)

Male 2175 (45.22) 2635 (54.78) 2.07 (1.85-2.31) 2.05 (1.83-2.30)
Education level

High school or less 2284 (48.31) 2444 (51.69) 1.00 (reference) 1.00 (reference)

University or greater 968 (54.05) 823 (45.95) 0.79 (.71-.89) 0.88 (.78-.98)
Family history of tumor

No 2713 (50.30) 2681 (49.70) 1.00 (reference) 1.00 (reference)

Yes 529 (48.27) 567 (561.73) 1.08 (.95-1.24) 1.06 (.92-1.21)
Family history of NPC

No 3186 (49.97) 3190 (50.03) 1.00 (reference) 1.00 (reference)

Yes 56 (49.12) 58 (50.88) 1.03 (.71-1.50) 1.11 (.76-1.61)
Cigarette smoking

Never smoker 1930 (57.46) 1429 (42.54) 1.00 (reference) 1.00 (reference)

Former smoker 314 (50.48) 308 (49.52) 1.32 (1.11-1.57) 0.97 (.80-1.17)

Current smoker 1026 (40.05) 15636 (59.95) 2.02 (1.82-2.24) 1.58 (1.39-1.79)

Ptrendd <.001 <.001
Alcohol consumption

Nondrinker 1493 (45.98) 1754 (54.02) 1.00 (reference) 1.00 (reference)

<1 drink/day 688 (51.08) 659 (48.92) 0.82 (.72-.93) 0.74 (.65-.85)

> 1 drink/day 694 (47.86) 756 (52.14) 0.93 (.82-1.05) 0.80 (.70-.91)

Prond® .083 <.001
Preserved vegetable consumption

Less than monthly 2276 (47.52) 2514 (52.48) 1.00 (reference) 1.00 (reference)

Monthly 399 (45.39) 480 (54.61) 1.09 (.94-1.26) 1.14 (.98-1.32)

Weekly or more 190 (51.77) 177 (48.23) 0.84 (.68-1.04) 0.83 (.67-1.03)

Prong .540 .696
Tea intake

Less than monthly 390 (41.01) 561 (68.99) 1.00 (reference) 1.00 (reference)

Monthly 309 (45.71) 367 (54.29) 0.83 (.68-1.01) 0.81 (.66-1.00)

Weekly or more 508 (41.20) 725 (58.80) 0.99 (.84-1.18) 0.77 (.64-.93)

Bl .965 .008
Herbal tea intake

Less than monthly 262 (45.09) 319 (564.91) 1.00 (reference) 1.00 (reference)

Monthly 562 (39.63) 856 (60.37) 1.25 (1.03-1.562) 1.26 (1.03-1.55)

Weekly or more 376 (44.44) 470 (55.56) 1.03 (.83-1.27) 1.00 (.81-1.25)

Prong .904 .695
Cantonese soup consumption

Less than monthly 50 (45.05) 61 (54.95) 1.00 (reference) 1.00 (reference)

Monthly 192 (36.02) 341 (63.98) 1.46 (.96-2.20) 1.56 (1.02-2.38)

Weekly or more 958 (43.57) 1241 (56.43) 1.06 (.72-1.56) 1.15 (.78-1.70)

Bl 053 119
Salted fish consumption

Less than monthly 1122 (42.27) 1519 (57.73) 1.00 (reference) 1.00 (reference)

Monthly 44 (35.48) 80 (64.52) 1.33(.91-1.94) 1.30 (.89-1.90)

Weekly or more 45 (47.37) 50 (52.63) 0.81 (.64-1.23) 0.80 (.52-1.22)

P .875 779

trend

2Data on Cantonese tea, Chinese herbal tea, slow-cooked soup, and salted fish were available only for the 21RCCP and south populations.

°Oral EBV levels were divided into low and high levels according to the median number of EBV copies in saliva or mouthwash per milliliter. For mouthwash EBV loads in the 21RCCP pop-
ulation, a low EBV level refers to <10*%° copies/mL of mouthwash and a high EBV level refers to >10*%° copies/mL of mouthwash; for salivary EBV loads in the south, north, and northeast

populations, a low EBV level refers to <10%47 copies/mL of saliva, and a high EBV level refers to >10%47 copies/mL of saliva.

°Multivariable logistic regression was used by adjusting for age (continuous variable), sex (male or female), and education level (high school and less or university and greater).

dLinear trends tests were performed by treating ordered categorical variables as continuous variables.
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Table 3. Dose-Response Between Cigarette Smoking and Oral Epstein-Barr Virus (EBV) Levels Among Healthy Subjects in China

Current Smoker Former Smoker

Variable Low/High EBV Loads? Adjusted OR (95% CI)° P Low/High EBV Loads? Adjusted OR (95% Cl)° P
Age at smoking initiation, y

Never 1930/1429 1.00 (reference) 1930/1429 1.00 (reference)

>20 548/847 1.71 (1.48-1.98) <.001 168/165 1.02 (.80-1.31) .834

<20 472/682 1.68 (1.43-1.97) <.001 145/140 1.04 (.80-1.34) .763

- <.001 736
Daily smoking amount, packs

Never 1930/1429 1.00 (reference) 1930/1429 1.00 (reference)

<1 447/573 1.46 (1.25-1.72) <.001 141/109 0.84 (.64-1.10) .203

>1 569/957 1.91 (1.64-2.21) <.001 137/169 1.28 (1.00-1.65) .054

Prond” <.001 169
Smoking duration, y

Never 1930/1429 1.00 (reference) 1930/1429 1.00 (reference)

<25 532/682 1.61 (1.37-1.88) <.001 174/171 1.10 (.87-1.40) 414

>25 486/851 1.80 (1.54-2.11) <.001 105/108 0.98 (.73-1.32) .886

Prendt <.001 811
Cumulative amount smoked, pack-years

Never 1930/1429 1.00 (reference) 1930/1429 1.00 (reference)

<20 538/685 1.53 (1.32-1.79) <.001 166/153 1.02 (.80-1.30) .888

>20 479/845 1.89 (1.62-2.21) <.001 112/125 1.11 (.84-1.48) 455

Prend® <.001 486
Smoking type, inhaled or not inhaled

Never 1930/1429 1.00 (reference) 1930/1429 1.00 (reference)

Did not inhale 405/533 1.49 (1.26-1.75) <.001 136/110 0.89 (.67-1.17) .397

Inhaled 597/973 1.85 (1.60-2.14) <.001 167/179 1.11 (.88-1.42) .378

- <.001 0.554 654

2Qral EBV levels were divided into low and high levels according to the median number of EBV copies in saliva or mouthwash, per milliliter. For mouthwash EBV loads in the 21RCCP pop-
ulation, a low EBV level refers to <10%%° copies/mL of mouthwash and a high EBV level refers to >10*5% copies/mL of mouthwash; for salivary EBV loads in the south, north, and northeast
populations, a low EBV level refers to <10%47 copies/mL of saliva, and a high EBV level refers to >10%47 copies/mL of saliva.

bLogistic regression analyses were used to assess odds ratios (ORs) and 95% confidence intervals (Cls) by adjusting for age (continuous variable), sex (male or female), education level (high
school and less or university and greater), and alcohol consumption (nondrinker, <1 drink/day, or >1 drink/day).

CLinear trends tests were performed by treating ordered categorical variables as continuous variables.

the oral EBV loads by using a quantitative PCR method. Until and a probe targeting the EBV BamHI-W genomic region and
now, it was difficult to compare EBV loads across different stud- successfully improved the EBV DNA detection sensitivity to
ies owing to the lack of a uniform reference standard for oral 5 copies/reaction. Since EBV can be reactivated periodically
EBV quantification. In this study, we designed eflicient primers and virus shedding is relatively stable over short periods but

Table 4. Interaction Analysis of Smoking Status and Oral Epstein-Barr Virus (EBV) Levels Among Healthy Subjects in Different Geographical Areas of
China

Subjects in Northern China? Subjects in Southern China?
Smoking Adjusted Adjusted
Status Low/High EBV Loads® OR (95%Cl) © P Low/High EBV Loads® OR (95%Cl) © P
Never 1181/672 1.00 (reference) / 749/757 1.61 (1.37-1.89) <.001
Current 711/815 1.61 (1.37-1.88) <.001 315/721 3.06 (2.55-3.67) <.001
AP 0.28 (.14-.41)
sld 1.69 (1.24-2.31)

aSubjects in northern China are from the north and northeast populations, where the annual incidence of nasopharyngeal carcinoma (NPC) was <1 case/100000 persons; subjects in south-
ern China are from the 21RCCP and south populations, where the NPC incidence was >20 cases/100000 persons.

5Qral EBV levels were divided into low and high levels according to the median number of EBV copies in saliva or mouthwash, per milliliter. For mouthwash EBV loads in the 21RCCP pop-
ulation, a low EBV level refers to <10%%° copies/mL of mouthwash and a high EBV level refers to >10*5% copies/mL of mouthwash; for salivary EBV loads in the south, north, and northeast
populations, a low EBV level refers to <10%47 copies/mL of saliva, and a high EBV level refers to >10%47 copies/mL of saliva.

‘Logistic regression analyses were used to assess odds ratios (ORs) and 95% confidence intervals (Cls) by adjusting for age (continuous variable), sex (male or female), education level (high
school and less or university and greater), and alcohol consumption (nondrinker, <1 drink/day, or >1 drink/day).

9The attributable proportion (AP) and synergism index (Sl) due to additive interaction were calculated.
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Age started smoking, age
Northern China, Never smoker (Reference)
initial age = 20 years
initial age < 20 years
Southern China, Never smoker
initial age = 20 years
initial age < 20 years

Daily smoking amount, packs
Northern China, Never smoker (reference)
daily amount < 1 pack
daily amount = 1 pack
Southern China, Never smoker

daily amount < 1 pack
daily amount > 1 pack

Smoking duration, years
Northern China, Never smoker (reference)
duration years < 25 years
duration years > 25 years

Southern China, Never smoker
duration years < 25 years
duration years > 25 years

Cumulative amount, pack-years
Northern China, Never smoker (reference)
cumulative amount < 20 pack-years
cumulative amount = 20 pack-years

Southern China, Never smoker
cumulative amount < 20 pack-years
cumulative amount = 20 pack-years

Type of smoking, inhaled or not

Northern China, Never smoker (reference)
inhaled smoke
did not inhale smoke

Southern China, Never smoker
inhaled smoke
did not inhale smoke

OR (95% CI)

) 1.00 (Reference)
—_— 1.67 (1.39 - 2.00)
—_— 1.53 (1.25 — 1.86)
— , 1.61 (1.37 — 1.89)
—_— 3.03 (2.42 - 3.79)
—_—— 3.09 (246 -3.89) P ,<.0001
i 1.00 (Reference)
—_— 1.44 (1.19 - 1.76)
—_— 1.76 (1.47 - 2.12)
— 1.61 (1.37 — 1.89)
—_— 2.57 (2.01 - 3.29)
—— 345(279-427) P ,,4<.0001
. 1.00 (Reference)
—_—— 1.58 (1.30 — 1.92)
—_— 1.64 (1.35 — 1.99)
—_— - 1.61(1.37 — 1.88)
—_— 2.72(2.16 - 3.43)
—— 345(274-434) P ,.,q<.0001
) 1.00 (Reference)
S 1.53 (1.27 — 1.85)
—_— 1.71 (1.40 — 2.07)
—_— 4 1.61 (1.37 - 1.88)
—_— 2.66 (2.11 - 3.36)
—— 345(277 431) P .,q<.0001
- 1.00 (Reference)
s — 1.40 (1.13 - 1.73)
—_— 1.74 (1.46 — 2.08)
—— 1.61 (1.37 — 1.89)
_— 2.57 (2.02 - 3.27)
—_—— 354 (284 4.40) P nq<.0001
[ [ [ 1
5 1 2 3 4 5

Figure 2. The relationship between cigarette smoking and oral Epstein-Barr virus (EBV) DNA loads in populations from areas of differing risks of nasopharyngeal carcinoma
(NPC), by smoking status. The southern China population includes the 21RCCP and south populations, where the NPC annual incidence was >20 cases/100000 persons, and
the northern China population includes the north and northeast populations, where the NPC incidence was very rare (ie, <1 case/100 000 persons). We stratified smoking cate-
gories by median values as the cutoffs for subgroup analysis (former smokers were excluded): age started smoking (>20 vs <20 years), smoking amount per day (<1 vs >1 pack),
smoking duration (<25 vs >25 years), cumulative amount (<20 vs >20 pack-years), and smoking type (did not inhale vs inhaled). Unconditional multivariable logistic regression
for a higher oral EBV load risk among different populations was calculated by adjusting age (continuous variables), sex (male and female), education level (high school and
less vs university and greater), and alcohol consumption (nondrinker, <1 drink/day, and >1 drink/day), with never smokers in low-risk areas as the reference. All tests were
2-sided. Squares denote study-specific odds ratios (ORs), horizontal lines denote study-specific 95% confidence intervals (Cls), and the solid vertical line denotes an OR of 1.0.

fluctuates through 3.5-5.5 logs over longer periods, it is difficult
to describe the characteristics of oral EBV without an epide-
miological study design with an adequate sample size. A multi-
center cross-sectional study with a large sample size is a feasible
strategy to describe the factors associated with oral EBV loads.
There is no doubt that performance of a large-scale prospective
study with a dynamic analysis of the oral EBV loads at different
time points during long periods would be very meaningful in
the future [26-28, 32].

With reliable data, the risk factors of environmental expo-
sures that could affect oral EBV loads or reactivation were de-
termined. The strong epidemiological evidence of geographical
and smoking history and its correlation with high oral EBV
loads provides important information for clarifying the path-
ogenesis of EBV-associated diseases such as NPC in southern
China, Southeast Asia, and North Africa. Previous studies
have reported that smoking was associated with many EBV-
associated diseases. The established mechanisms of cigarette
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smoking in cancer development are the exposure to carcino-
gens, the formation of covalent bonds between the carcinogens
and DNA adducts, and the resulting permanent mutations in
critical genes of somatic cells and so on [33]. It has been re-
ported that PI3K and MAPK pathways play an important role
in recurrent chemical reactivations of EBV, which promotes ge-
nome instability and enhances tumor progression [17]. Given
that EBV reactivation appears to play an important role in the
pathogenesis of EBV-associated diseases [15, 16], we think
smoking-induced EBV reactivation could contribution to the
pathogenesis of EBV-associated diseases.

The large variation in oral EBV loads among individuals,
from undetectable levels (<5 copies in this study) to several bil-
lion copies/mL, was consistent with previous findings of virus
shedding dynamics in healthy carriers [32]. However, oral EBV
DNA loads have been seldom reported from other populations,
especially those with a large sample size. Nevertheless, there
are still several interesting studies. In a study from the United
States [32], 2 subjects were asked to rinse repeatedly with 5 mL
of fluid, and EBV copies in 8 repeated rinses were detected. The
average virus per rinse was 4.5 x 10° copies/5 mL for subject 1
and 8.5 x 107 copies/5 mL for subject 2. The EBV DNA loads
ranged from 10* to 107 copies/mL, which was quite compara-
ble with our results. Another study in Japan did not detect oral
EBYV loads, but they reported a prevalence of salivary oral EBV
of 90% in 48 adults aged 21-57 years, compared with 78.88% in
our study [34]. We observed a difference in both salivary EBV
detection rates (69.54%, 82.49%, and 90.76%) and median sal-
ivary EBV loads (3.83 x 10°, 3.71 x 10% and 5.62 x 10° copies/
mL) among participants from the north, northeast, and south
populations. The salivary EBV loads in the south population,
where NPC is endemic, were higher than those in the northeast
and north populations, where NPC is nonendemic. Moreover,
higher oral EBV loads were found in male subjects, older indi-
viduals, and those with lower education levels, which may be
related to chronic interpersonal stress, relatively unhealthy envi-
ronments, or weakened host immune systems in these popula-
tions [35]. It is noteworthy that all of the above results suggest
that EBV tends to be reactivated in the host oral cavity in sub-
groups of populations that are at high risk for NPC. We there-
fore speculate that the high oral EBV loads in these populations
may contribute to the incidence of NPC, although elsewhere it
was suggested that establishment of a latent and transforming
infection in epithelial cells is potentially an important causative
factor for the development of NPC [36]. Nevertheless, our study
provides strong epidemiological evidence for differences in oral
EBV loads between populations in NPC-endemic and nonen-
demic regions and supports the need for further investigations
into the possible role of oral EBV biology in NPC.

EBV reactivation can be triggered by many factors, includ-
ing various chemical agents or biological stimuli in vitro or in

vivo [18-25, 37]. Interestingly, in this epidemiological study, we

found a dose-dependent relationship between current smoking
and higher oral EBV DNA loads in all populations (P, ,<.001).
EBV in the host oral cavity tended to be reactivated in the cur-
rent-smoker subgroup, which was consistent with the reported
subpopulations with a high incidence of EBV-associated dis-
eases [38-40]. Moreover, the EBV loads were lower in those
who quit smoking, suggesting that smoking cessation might
create unfavorable conditions for EBV reactivation. In our pre-
vious study, we described the relationship between smoking
and elevated levels of serum IgA to viral capsid antigen, the
indirect marker of host immunity to EBV lytic replication, and
the cell biology assays in that study provided direct evidence
that cigarette smoke extract could induce EBV reactivation in
vitro [41]. Recently, a prospective study conducted in Hong
Kong reported similar results that cigarette smoking was associ-
ated with plasma EBV DNA loads [42]. Whether smoking may
lead to higher levels of EBV reactivation systemically needs to
be further investigated. Here, we provided population-based
evidence that environmental inducers for oral EBV reactiva-
tion, such as smoking, indeed exist. Although the underlying
mechanisms of smoking-related virus reactivation are not
fully understood, some earlier studies suggested that impaired
immunity of smokers could interfere with the ability of the host
to clear virus infection [43, 44]. However, our data indicate that
smoking might directly trigger EBV reactivation and increase
the chance of EBV infection of nasopharyngeal epithelial cells.

In addition to current smoking, other risk factors, such as
consumption of herbal tea and Cantonese soup with herbs,
were also found to be associated with higher oral EBV loads in
our study. A previous in vitro study found that some Chinese
herbs could induce EBV expression in B cells [24]. Herbal tea
includes complex components, and some components had
been reported to participate in EBV reactivation. For example,
phorbol ester (tetradecanoylphorbol acetate), which exists in
many plants of the family Euphorbiaceae and can be used as
a traditional Chinese herbal medicine [45], has been widely
reported to induce EBV reactivation via NF-kB and AP-1 as
regulated by PKC and MAPK [46]. Interestingly, the consump-
tion of tea was associated with lower oral EBV loads in the
21RCCP and south populations, and a previous study found
that epigallocatechin-3-gallate, the most abundant catechin in
tea, inhibited EBV lytic replication in vitro [13]. Additionally,
we found that consumption of alcohol was associated with
lower oral EBV loads. There are other factors, such as exercise,
stress, and occasional infections, that could induce EBV reac-
tivation [47-49]. However, because this information was not
collected in this study, we could not adjust for them as covari-
ates in the analysis.

Together, these data strongly support further investigation
of the roles of environmental factors in EBV reactivation. We
recommended behavioral and dietary changes, even chemopre-
vention, to reduce the risk of EBV reactivation.
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