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Summary

Purpose of investigation: Cervical cancer is the fourth most common malignancy in women and the third leading cause of cancer death
among females in less developed countries. Epstein-Barr virus (EBV), as an ubiquitous oncogenic herpes virus has been suggested
functioning in several cancers, but its role in cervical cancer as a possible viral cofactor remains a controversial topic. Materials and
Methods: The authors searched all English reports on studies for the association between EBV infection and cervical cancer using
PubMed, Embase, Web of Science, and all Chinese reports were identified manually and online using China National Knowledge In-
frastructure (CNKI). The strict selection criteria and exclusion criteria were determined. An unconditional logistic regression model was
used to analyze potential parameters related to the EBV prevalence. Odd ratios (ORs) with 95% confidence intervals (CIs) were pooled
to assess the strength of association between EBV infection and risk of cervical cancer. Publication bias was estimated using funnel plots.
Results: Atotal of 21 studies with 1,260 patients were included in the present analysis.The overall prevalence of EBV infection in cer-
vical cancer was 17.00% with 95% CI of 16.00-19.00%. In the statistical analysis, EBV infection has a stronger association with risk
of cervical cancer (OR = 2.94, 95% CI = 1.65-5.22). Conclusion: The EBV infection has a tighter link with increased risk of cervical

cancer.
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Introduction

Cervical cancer is the fourth most common malignancy
in women despite advances in the detection, prevention,
and treatment, with an estimated 485,000 new cervical
cancer cases and 236,000 deaths worldwide in 2013 [1].
It is the third leading cause of cancer death among females
in less developed countries where insufficient screening
programs resulted in an increase of incidence and mortal-
ity [2].

It is appreciated that virtually all cases of cervical cancer
are caused by persistent infection of human papillomavirus
(HPV), which has more than 100 genotypes and can be di-
vided into low risk HPV (IrHV) and high risk HPV
(hrHPV) based on their capacity to cause benign and can-
cerous lesions [3, 4]. Cervical carcinogenesis is a long
process evolving from cervical intraepithelial neoplasia
(CIN) to invasive cervical cancer caused by epigenetic and
genetic abnormalities, and studies have shown that hrHPV
infection alone is insufficient to lead to the pathogenesis of
cervical cancer because only a minority of HPV-infected
women develop cervical cancer during their lifetime [5, 6].
Other causative agents such as viral and host factors should
be taken into account for better understanding the progres-
sion of cervical cancer.
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Epstein-Barr virus (EBV), as an ubiquitous oncogenic
herpes virus, has been suggested as a possible viral cofac-
tor in cervical cancer but its role remains controversial.
Sixbey et al. first reported EBV infection in cultured ecto-
cervical epithelial cells [7], following the findings of sev-
eral studies reporting the detections of EBV DNA in
endocervical scrapes or both in malignant and normal cer-
vical biopsy tissues [8-10]. Despite all these, several other
authors did not reach the same conclusion [11-13]. In this
regard, the present authors performed this meta-analysis to
explore the latent role of EBV in cervical cancer.

Materials and Methods

To identify all articles that examined the association of EBV
and cervical cancer, the authors conducted a literature search of
PubMed database, Embase, Web of Science, and China National
Knowledge Infrastructure (CNKI). All the relevant articles re-
trieved were using the following terms: ““Epstein-Barr virus™,
“cervical cancer” or “cervical carcinoma”. References of the re-
trieved publications were also screened for other relevant studies.
When there were multiple publications from the same popula-
tion, only the largest-scale study was included. Study selection
was achieved by two investigators independently, according to
the inclusion and exclusion criteria by screening the title, ab-
stract, and full-text. Any dispute was solved by discussion. The
language of publication was restricted to English and Chinese.
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Table 1. — Prevalence of EBV in cervical cancer.

Category Subcategory No of studies No of cases % Prevalence (%)(95% CI) Adjusted OR
Overall Total 21 1260 100 17.00 (16.00-19.00)
Region Asia 14 1076 85.40 15.00 (13.00-17.00) Ref
Europe 3 50 4.00 38.00 (25.00-52.00) 2.44 (1.25-4.76)
North Africa 2 102 8.10 52.0 (43.00-61.00) 1.41 (0.83-2.40)
South America 2 32 2.50 62.00 (46.00-79.00) 6.07 (2.65-13.90)
Year 1993-2000 6 219 17.38 45.00 (39.00-51.00) Ref
2001-2010 8 361 28.65 7.00 (5.00-10.00) 0.33 (0.23-0.48)
2011-2015 7 680 53.97 29.00 (26.00-32.00) 0.95 (0.60-1.50)
Tissue Tissue 17 750 59.52 16.00 (14.00-18.00) Ref
Cell 4 510 40.48 22.00 (18.00-25.00) 0.36 (0.24-0.54)

95% CI: confidence interval, OR: odds ratio, Ref: reference.

Records identified
through database
(n=1434)
Records excluded because of unrelated data
or duplicate
(n=1381)

Records screened

(n=53) Records excluded because of insufficient

data or not case-control study or cohort

study
(n=32)

Full-text articles reviewed
(n=29)

Records excluded due to not PCR-based studies
(n=8)

Records identified in this
meta-analysis
(n=21)

Figure 1. — Flow chart of literature selection.

Only research articles were included. If an article reported re-
sults including different studies, each study was treated as a sep-
arate comparison in this meta-analysis.

The flow chart of literature selection is shown in Figure 1. The
following inclusion criteria were analyzed in selecting studies for
the current meta-analysis, namely: (1) diagnosis of cervical can-
cer was proven by cytological or histopathological methods, (2)
PCR-based technique was the only method used for detecting
EBYV infection, (3) for inclusion into the analysis, there was no
limitation on the minimum number of patients of every single
study. In instances where the research data were published in more
than one article, only the publication with the most explicit de-
scription was included.

The exclusion criteria were defined as,overlapping of the data,
case-only studies, and review articles. Studies using other meth-
ods to examine specimens were excluded.

Three investigators (Cao Hanyu,Wang Si, and Zhang Zhenyu)
extracted all data independently and complied with the inclusion
criteria listed above. Any discrepancy was resolved by discussion
until an agreement was reached between the investigators. The
following information was collected from each publication: the
first author’s name, publication year, patient’s country, the sam-

ple types, techniques, number of patients, and the EBV preva-
lence.

First, the authors conducted an epidemiological evaluation of
the EBV prevalence in cervical carcinoma cells or tissues and ex-
plored latent parameters for EBV infection or defection. An un-
conditional logistic regression was adopted to adjust odds ratios
(ORs) according to several parameters of putative influence fac-
tors: region (Asia, Europe, North Africa, and South America),
publication years (1993-2000, 2001-2010, and 2011-2015), and
sample types (cell and tissue). Second, OR and 95% confidence
intervals (Cls) were pooled to evaluate the association between
EBYV infection and risk of cervical cancer. Heterogeneity was in-
vestigated by the Cochran’s chi-square Q test with a significance
level of p < 0.10 and I>>50%. In this case, the random effects
model would be used to estimate the pooled ORs [14]. Otherwise,
the pooled ORs were estimated by the fixed effects model. Begg’s
funnel plots were performed to investigate publication bias [15].
All statistical tests were performed with Stata 12.0 software.

Results

As shown in Table 1, a total of 21 eligible studies pub-
lished between 1993 and 2015 from different countries
were included in this meta-analysis, with the number of pa-
tients ranging from nine to 464 per study, for a total popu-
lation of 1,260 patients across studies [16-36]. Among
them, 14 studies were conducted in Asia, three in Europe,
two in North Africa, and two in South America. Six stud-
ies were published between 1993 to 2000, eight between
2001 to 2010, and seven between 2011 to 2015. In addi-
tion, four studies dealt with cell samples while the remain-
ing undertook samples from fresh tissues or
paraffin-embedded tissues.

All research detected prevalence of EBV using PCR-
based technique and were divided into three subgroups
based on their region, publication year and sample type.
The overall prevalence was 17.00% with 95% CI of 16.00-
19.00%. Among the first subgroup, the Asian subjects own
the largest sample size of 1,076 cases with the lowest preva-
lence (15.00%, 95%CI = 13.00-17.00%). The European
subjects and the South American subjects both have sig-
nificantly higher prevalence of EBV infection compared to
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Figure 2. — Association between EBV
infection and cervical cancer risk (ORs).
Fifteen studies including control groups
with normal tissues are adopted for cal-
culating the pooled OR and 95% CI
using a random-effects model due to the
high heterogeneity (12=49.2%, p =
0.016). An increased 2.94-fold (95% CI =
1.65-5.22) risk of cervical cancer com-
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Figure 3. — Publication bias of estimated by Begg funnel plot.
Begg’s test was conducted for measuring publication bias of in-
cluded studies in the meta-analysis of EBV infection in cervical
cancer and shows a non-significant publication bias (p = 0.235).

the Asian studies (OR = 2.44, 95% CI = 1.25-4.76 and OR
=6.07, 95% CI = 2.65-13.90), while the North American
showed no significant increase. Among the subgroup of
publication year, only subjects in the period of 2001-2010
demonstrated significantly lower prevalence than that in
the first period. With regards to the subgroup of sample
type, subjects using cell sample (16.00%, 95% CI = 14.00-
18.00%) presented significant lower (OR = 0.36, 95% CI =
0.24-0.54) prevalence than studies based on the tissue sam-
ples (16.00%, 95% CI = 14.00-18.00%).

Data from 15 studies included control groups with nor-

pared to control groups is revealed.

mal tissues were extracted for calculating the pooled OR
and 95% CI. Considering evidence of high heterogeneity
(I>=49.2%, p = 0.016), a random-effects model was used,
revealing an increased 2.94-fold (95% CI = 1.65-5.22) risk
of cervical cancer compared to control groups (Figure 2).
Visual inspection of the Begg funnel plot (Figure 3) re-
vealed no obvious asymmetry (p = 0.235).

Discussion

It is now estimated that nearly 10% of worldwide can-
cers are attributable to viral infections [37]. Among the
most common oncoviruses, EBV was the first virus that
was isolated and found to be linked to human tumor. Re-
cently EBV has been found to play an etiologic role in sev-
eral human malignant tumors and was detected in
nasopharyngeal carcinomas (NPC), gastric carcinomas, tes-
ticular carcinomas, and breast carcinomas [38-41]. The
EBYV latent membrane proteins have been reported to cause
genetic changes and establish a latent transforming infec-
tion in epithelial cancer cells via contact with infiltrating
EBV-positive B-cells with a possible effect of virus activa-
tion, due to the inflammatory milieu of the tumor, which
could lead to increased expression of factors involved in
angiogenesis and cell invasion and thus favor tumor pro-
gression [42-44]. However, correlation between EBV in-
fection and risk of cervical cancer remained a controversial
topic over the past decades, although there were many stud-
ies showing potential relationship between EBV viral repli-
cation and epithelial differential in uterine cervix.
Explanation for this putative association is crucial to better
understanding the cofactor role of EBV infection in the eti-
ology of cervical cancer and contributes to its early detec-
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tion and better prognosis.

To the best of the present authors’ knowledge, this is the
first meta-analysis that described the prevalence of EBV
infections in cervical cancer. Possible association was ex-
plored by pooling data extracted from the included studies
detecting EBV with PCR techniques. The authors detected
the prevalence of EBV infection in this study adjusted by
parameters such as region, publication year, and sample
types. Statistics revealed that there was a significantly
tighter link between EBV prevalence and cervical cancer
in Europe and South America than in Asia (OR =2.44, 95%
CI=1.25-4.76; OR = 6.07, 95% CI = 2.65-13.90, respec-
tively). This heterogeneity is in accordance with the epi-
demiological evidence that incidence rates of EBV-positive
nasopharyngeal carcinoma is much higher in Southern Asia
than in Western countries [45]. In addition, EBV infection
tended to influence population in less developed countries
at an earlier stage than in more developed countries. The
prevalence of EBV infection was at the highest level dur-
ing publication year of 1993 to 2000, then declined sharply
during period of 2001 to 2010 (OR =0.33, 95% CI = 0.23-
0.48) and was slightly elevated during the past few years.
The previous decrease in the 2000-2010 may be due to
more concentration on this oncogenic virus in some en-
demic areas and better treatment to control its spread. How-
ever, the latter slight increase indicated improved methods
for detecting and quantifying EBV DNA and the evolving
biological characteristics of the virus itself such as more
frequent transmission through oropharyngeal secretion. Re-
sults concerning the sample types showed a significantly
higher prevalence in tissue sample compared with cell sam-
ple (OR = 0.36, 95% CI = 0.24-0.54), which suggested
variations derived from different sample preparation that
makes comparisons of EBV infection prevalence from dif-
ferent studies difficult and should be taken into special con-
sideration. Furthermore, the present authors found that
EBYV infection correlated more closely with an increased
risk of cervical cancer (OR =2.94, 95% CI = 1.65-5.22).

Despite the positive finding between EBV and cervical
cancer, there are some limitations that should be taken into
consideration. The first one is small sample size. A total of
1,260 patients may not be able to provide statistical evi-
dence convincing enough to prove the role of EBV infec-
tion in cervical cancer. In addition, populations of studies
from different regions varied greatly and were relatively
small in Europe and South America, which made it difficult
to evaluate geographic variation. Furthermore, the inclu-
sion criteria placed restrictions on language of studies and
only publications in English and Chinese were included,
which may have led to incomprehensive collection of in-
formation. Moreover, the limited comparability of priority
and merits of sample type resulted from the fact that no pa-
tients were detected using the two sample types at the same
time .In this sense, further studies concerning this con-
tentious topic should consider and try to avoid these po-

tential confounding factors.

In conclusion, despite the limitations, results of the pres-
ent meta-analysis suggested that EBV infection was asso-
ciated with increased risk of cervical cancer, which raised
the possibility that EBV contributes to the development of
cervical cancer. Successful efforts to identify prevalence of
EBYV infection in cervical cancer may lead to further insight
into etiology and pathogenesis as well as to new methods
for therapeutic and prophylactic intervention.
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