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Abstract. Prostate cancer is the second most frequently diag-
nosed type of cancer and the sixth leading cause of cancer 
mortality among males worldwide. The aim of this study was 
to investigate the association between the infection by herpes 
simplex virus type 2 (HSV‑2) or human herpesvirus 8 (HHV‑8) 
and the risk of prostate cancer. A systematic literature search 
was performed using PubMed, Cochrane Library, Web of 
Science, Scopus, CNKI and CBM. The association of HSV‑2 or 
HHV‑8 infection with the risk of prostate cancer was separately 
assessed. Estimates of the odds ratio (OR) with 95% confidence 
interval (CI) were pooled by the fixed‑ or random‑effects 
model. A total of 11 articles with 2,996 cases and 3,875 controls 
were included in this meta‑analysis. HSV‑2 infection was 
associated with increased prostate cancer risk (OR=1.209; 
95% CI, 1.003‑1.456). Results of the stratified analysis suggested 
that such an association existed among participants from 
North and South America (OR=1.226; 95% CI, 1.000‑1.503). 
No significant correlation was observed in the HHV‑8 group 
(OR=1.106; 95% CI, 0.765‑1.598). Further investigations and 
large‑sample studies are required to elucidate the possible 
mechanism underlying viral carcinogenesis and the association 
between herpes virus infection and the risk of prostate cancer.

Introduction

Prostate cancer is the second most frequently diagnosed type of 
cancer and the sixth leading cause of cancer mortality among 
males worldwide (1). Statistics in the USA showed that ~241,740 
men were diagnosed with prostate cancer and 28,170 were esti-
mated to succumb to the disease in 2012 (2). Prostate cancer 
is considered a multifactorial disease. Older age, ethnicity and 
positive family history are well‑established risk factors (1,3). 

Genetic factors were considered important in prostate cancer 
by several studies (4‑7). Since the 1970s, it has been a matter of 
debate whether prostate cancer, or at least a subgroup of prostate 
cancer cases, are associated with infection. With the develop-
ment of serological assays for the detection of infectious agents, 
studies were conducted to investigate the relationship between 
prostate cancer and viral infection (8‑11).

Herpes virus is one of the viruses most commonly related 
to carcinogenesis. It was reported that herpes virus plays an 
important role in the pathogenesis of cancer via the inhibition 
of cell apoptosis and stimulation of DNA synthesis, which may 
ultimately lead to cancer (12). Previous studies indicated that 
infection by herpes simplex virus type 2 (HSV‑2) or human 
herpesvirus  8 (HHV‑8) may be associated with a higher 
prostate cancer risk (12‑14). However, other epidemiological 
studies failed to demonstrate such an association  (15‑17). 
Whether HSV‑2 or HHV‑8 infection is related to prostate 
cancer remains controversial. In order to further assess the 
correlation between prostate cancer risk and HSV‑2 or HHV‑8 
infection, a meta‑analysis was conducted.

Materials and methods

Literature search. We performed a systematic literature 
search using PubMed, Cochrane Library, Web of Science 
and Scopus in English, as well as CNKI and CBM in 
Chinese, to identify the publications updated up to May, 2012. 
The medical subject headings (MeSH) ‘Herpesviridae’, 
‘Alphaherpesvirinae’, ‘Simplexvirus’, ‘Herpesvirus 2, Human’, 
‘Gammaherpesvirinae’, ‘Rhadinovirus’ and ‘Herpesvirus 8, 
Human’ were combined with ‘Prostatic Neoplasms’. Common 
expressions such as ‘herpes simplex virus 2’, ‘human herpes-
virus 8’, ‘prostatic carcinoma’ and ‘prostate cancer’ were also 
used. In addition, aliases such as ‘Kaposi's sarcoma‑associated 
herpesvirus’, ‘KSHV’, ‘HHV‑8’ and ‘HSV‑2’ were all included. 
Moreover, variant forms of expression were used (presence or 
absence of a hyphen or space between adjacent words, Roman 
numerals or English words instead of Arabic numerals and pres-
ence or absence of quotation marks). Additional publications 
were identified from the reference lists of potentially suitable 
articles and ‘related articles’ identified during the search.

Inclusion criteria. Each included publication was reviewed to 
evaluate whether the following criteria were met: i) comparative 
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study assessing the association between infection by HSV‑2 or 
HHV‑8 and prostate cancer risk; ii) detection method restricted 
to serological assays; and iii) providing sufficient information to 
determine herpes virus infection incidence (number of positive 
vs. negative subjects) in the case and control groups. The inclu-
sion criteria were not restricted by study size, population race 
or publication language, date or type. For articles with similar 
population resources or overlapping datasets, only the largest 
or most recent was included. Studies in which herpes virus was 
not detected in either group were excluded, since such studies 
hold no weight in meta‑analysis and do not affect conclusions.

Data extraction. Two reviewers independently extracted data 
from all the potentially qualified articles using a standardized 
data extraction form, in order to avoid mistakes or omissions. 
A third reviewer was consulted in the case of discrepancies. 
Data extracted from the publications included name of the first 
author, year of publication, number of case and control subjects, 
exposure frequencies in case and control groups, geographical 
region and herpes virus subtype.

Statistical analysis. We selected the odds ratio (OR) and 
95% confidence interval (CI) to assess the strength of the 
association between infection by HSV‑2 or HHV‑8 and 
prostate cancer risk. Subgroup analyses were performed 
according to geographical region (North and South America 
or Europe). The statistical significance level was set at 0.05. 
The extent of heterogeneity among included studies was quan-
tified using the Q test (18) and the I2 score (19). In the Q test, 
P<0.05 was considered to indicate a statistically significant 
difference. High I2 values reflected increasing heterogeneity. 
I2  values <25% were considered as low and values <50% 
were considered as moderate (19,20). A fixed‑effects model 
with the Mantel‑Haenszel method was used to provide a 
summary estimation of the relationship between herpes virus 
infection and prostate cancer risk when heterogeneity was 
not significant (21). Otherwise, the random‑effects model was 
utilized (22). Publication bias was assessed by Egger's (23) and 
Begg's test (24), with a statistical significance level of 0.05. 
The statistical analyses were performed via STATA version 11 
(StataCorp, College Station, TX, USA).

Results

Description of the meta‑analysis. We identified a total of 11 
articles on infection by HSV‑2 or HHV‑8 and prostate cancer 
risk, updated up to May 2012 (8‑11,14‑17,25‑27). The process 
of identifying and selecting articles is shown in Fig. 1. Four 
articles were excluded at data extraction, since their results 
were not considered suitable for this meta‑analysis: one of 
them included a case group only (28), one provided ambiguous 
information regarding the virus subtype (29), one lacked a 
number of negative subjects in the case group and of positive 
subjects in the control group (30) and one adopted a detection 
method of inadequate specificity for HSV‑2 (31).

This meta‑analysis consisted of 2,996 cases and 
3,875 controls. There were two articles evaluating HSV‑2 and 
HHV‑8 in the same (15) or different (11) population groups. 
One article detecting HHV‑8 consisted of two groups of 
participants from either the Republic of Trinidad and Tobago 

or the USA (9), whereas another consisted of four groups from 
Italy or the USA (16). Studies on different viruses or among 
separate population groups in the articles mentioned above, 
were treated as independent studies. Therefore, 19 studies from 
11 references were included in this meta‑analysis, including 8 
on HSV‑2 (10,11,14,15,25‑27) and 11 on HHV‑8 (8,9,11,15‑17). 
Detailed characteristics of the eligible studies are listed in 
Table I.

HSV‑2 and prostate cancer risk. Eight studies with 1,721 cases 
and 2,165 controls were included in this meta‑analysis, in 
order to investigate the association between HSV‑2 infection 
and prostate cancer risk. Five studies were located in North 
and South America, with 1,213  cases and 1,737  controls 
(11,14,25,26) and three were located in Europe, with 508 cases 
and 428 controls (10,15,27). No statistically significant hetero-
geneity was detected in pooled analysis (P=0.243, I2=23.4%) 
and the fixed‑effects model was adopted. A marginally posi-
tive relationship was observed between HSV‑2 infection and 
prostate cancer (OR=1.209; 95% CI, 1.003‑1.456) (Fig. 2). 
No publication bias was found with Begg's or Egger's test 
(P=0.386 and P=0.291, respectively). Begg's funnel plot is 
shown in Fig. 3.

In the stratified analysis by geographical region, no statisti-
cally significant heterogeneity was observed in either subgroup 
(Table II). Therefore, the fixed‑effects model was adopted. A 
marginally positive association between HSV‑2 infection and 
increased prostate cancer risk was demonstrated in the North and 
South American subgroup (OR=1.226; 95% CI, 1.000‑1.503). 
However, no statistically positive result was observed in the 
European subgroup (OR=1.222; 95%  CI,  0.704‑1.787). No 
publication bias was found in the subgroup analyses, as shown 
in Table II (funnel plot not shown).

HHV‑8 and prostate cancer risk. There were 11 studies with 
2,306 cases and 3,280 controls evaluating the correlation 
between HHV‑8 infection and prostate cancer risk. There were 
nine studies in North and South America, with 2,133 cases 
and 2,958 controls  (8,9,11,16,17) and two in Europe, with 
173 cases and 322 controls (15,16). The random‑effects model 

Figure 1. Process of article selection.
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Figure 2. Forest plots of herpes simplex virus type 2 (HSV‑2) infection and prostate cancer risk for overall analysis. OR, odds ratio; CI, confidence interval.

Table II. Stratified pooled OR and 95% CI for HSV‑2 or HHV‑8 infection and prostate cancer risk.

		  Heterogeneity	 Publication bias P‑value
	 No. of	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Subgroup	 studies (Refs.)	 OR (95% CI)	 P‑value	 I2 (%)	 Begg's test	 Egger's test

HSV‑2 by geographical region
  North and South America	 5 (11,14,25,26)	 1.226 (1.000-1.503)	 0.192	 34.4	 0.624	 0.284
  Europe	 3 (10,15,27)	 1.122 (0.704-1.787)	 0.241	 29.6	 0.117	 0.085
HHV‑8 by geographical region
  North and South America	 9 (8,9,11,16,17)	 1.142 (0.759-1.718)	 0.000	 78.4	 0.677	 0.770
  Europe	 2 (15,16)	 0.839 (0.374-1.882)	 0.682	   0.0	 0.317	‑

OR, odds ratio; CI, confidence interval; HSV‑2, herpes simplex virus type 2; HHV‑8, human herpesvirus 8.

Figure 3. Begg's funnel plots assessing the publication bias on herpes simplex virus type 2 infection and prostate cancer risk.
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was used for summarizing the estimation when heteroge-
neity was demonstrated by the pooled analysis (P=0.000, 
I2=73.4%). No significant relationship was identified between 
HHV‑8 infection and higher prostate cancer risk (OR=1.106; 
95% CI, 0.765‑1.598) (Fig. 4).

Stratified analysis was also performed according to 
geographical region. Heterogeneity was observed in the 
North and South America subgroup (P=0.000, I2=78.4%) and 
the random‑effects model was adopted. No association was 
observed in either subgroup (Table II).

There was no publication bias in the overall (Fig.  5) 
or stratified analysis (funnel plot not shown). The results of 
Begg's and Egger's test are presented in Table II.

Sensitivity test. We performed sensitivity analyses by sequen-
tially excluding studies one by one, in order to examine the 
influence of a single study on the overall estimate or on 
any stratum. The results demonstrated that no single study 
considerably affected the summary of risk estimates in this 
meta‑analysis (data not shown).

Discussion

Viral infection is a potential risk factor for carcinogenesis. 
Several studies indicated that these infectious agents may 
elicit an immune response, creating a cytokine tissue envi-
ronment that leads to chronic inflammation, DNA damage, 

Figure 4. Forest plots of human herpesvirus 8 (HHV‑8) infection and prostate cancer risk for overall analysis. OR, odds ratio; CI, confidence interval.

Figure 5. Begg's funnel plots assessing the publication bias on human herpesvirus 8 infection and prostate cancer risk.
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cell proliferation, angiogenesis and ultimately prostate 
cancer (32‑35). An in vitro study suggested that components of 
viral and other infectious agents may shift the balance towards 
altered homeostasis in cells that have already deviated from 
normal gene expression and may thus play a role in malignant 
transformation (36). Several epidemiological studies evaluated 
the association between herpes virus infection and prostate 
cancer risk, although results were inconsistent (9,14,16,17). 
Therefore, an elaborate and comprehensive demonstration of 
the association between herpes virus infection and prostate 
cancer risk is of significance. To the best of our knowledge, 
this meta‑analysis is the first to focus on the relationship 
between HSV‑2 or HHV‑8 infection and prostate cancer risk.

Prostate cancer incidence and HSV‑2 prevalence are 
affected by geographical region and age. Prostate cancer 
incidence rates vary by >25‑fold worldwide, with the highest 
rates recorded primarily in the developed countries of 
Oceania, Europe and North America (1). In a global review, 
the HSV‑2 prevalence is highest in parts of Africa and 
North and South America, whereas it tends to be lower in 
Asia (37). In our meta‑analysis, the geographical factor was 
considered and used for study stratification prior to further 
analysis. However, no studies from Africa or Asia were 
included, which restricted a thorough comparison among 
different areas. By contrast, older age is a well‑established 
risk factor for prostate cancer (1). The median age of prostate 
cancer cases in the USA is 67 years, according to the statistics 
updated up to 2012 (38). Furthermore, HSV‑2 prevalence is 
also strongly associated with age, increasing from negligible 
levels in children <12 years to as high as 80% among older 
age populations (37). We aimed to conduct a stratified anal-
ysis according to age. However, of all the studies included, 
only a few provided the mean or median age (10,14,26,30). 
Moreover, a study demonstrated that the association with 
HSV‑2 was strengthened when earlier sera analyses were 
restricted to specimens collected at least five years prior to 
diagnosis and suggested a long latency period from HSV‑2 
infection to prostate cancer development (14). We aimed to 
investigate this association stratified according to the period 
between serum sample collection and diagnosis. However, 
due to the insufficient information provided, this investigation 
could not be conducted.

Some of the studies reported that the HHV‑8 DNA 
sequence was detected in both normal and cancerous 
prostatic tissues  (39‑41), whereas others did not  (42‑45). 
Moore and Chang (46) reported that HHV‑8 expresses viral 
interleukin‑6, a homolog of human interleukin‑6, which 
was suggested to elicit prostate cancer cell proliferation by 
Platz and De Marzo (35). Several epidemiological studies 
demonstrated no association between HHV‑8 and prostate 
cancer  (8,11,15,16), which is consistent with the results 
of this meta‑analysis (OR=1.106; 95%  CI,  0.765‑1.598). 
Hoffman et al (9) conducted two studies among participants 
from either the Republic of Trinidad and Tobago or the USA, 
which demonstrated elevated HHV‑8 seropositivity among 
prostate cancer patients. The consistent results from two 
independent laboratories with reliable assays and algorithms 
were the first documented to indicate the positive asso-
ciation. However, not all prostate cancer patients in the two 
studies were HHV‑8 seropositive, suggesting that the virus 

is not always associated with prostate cancer. Another study 
included in this meta‑analysis indicated an inverse associa-
tion between HHV‑8 infection and prostate cancer risk (17). 
The confounding factor of Mediterranean heritage in the 
participants enrolled and the differences in assay sensitivity 
and specificity were considered by the authors as a possible 
eplanation of the inverse findings, along with the skewing of 
the immune response mediated by HHV‑8 chemokines, which 
was hypothesized to exert a potentially protective effect 
on prostate cancer (46). McDonald et al (8) suggested that 
HHV‑8 might segregate patients with manifest and emergent 
prostate cancer into two groups, HHV‑8 sero‑positive pros-
tate cancer detected immediately and HHV‑8 sero‑negative 
prostate cancer detected later, which may explain the opposite 
positive and negative HHV‑8 associations observed.

Previous studies detected herpes virus DNA (41,47) or 
anti‑virus antibody in tissue samples (13). However, herpes 
virus detection in tissues was not frequently performed, since 
blood samples were easier to collect from the participants 
compared to tissue samples and the serological assays were 
more convenient to conduct compared to DNA detection. Thus, 
serological assays were widely used in studies, in order to 
guarantee an adequate study size and ensure data reliability to 
a certain extent. There is no evidence strong enough at present 
to support that the results of viral infection from blood samples 
were equal to or comparable with those from tissue samples, 
therefore, the detection methods for HSV‑2 and HHV‑8 in this 
meta‑analysis were restricted to serological assays.

The pooled ORs were estimated based on all the studies 
obtained from systematic search, providing a relatively high 
statistical power. However, certain limitations should be 
considered. Firstly, this being a meta‑analysis, no original data 
were obtained. Since prostate cancer is a multifactorial disease 
and herpes virus infection is related to individual behavior, 
several covariates, including age, sexual behavior, smoking 
status and ethnicity, should be taken into consideration to 
make this meta‑analysis more reliable. However, such infor-
mation could not be summarized without the original data of 
the recruited studies, which made it difficult to further assess 
potential confounding factors. Secondly, although different 
databases were used to cover publications from different 
areas, there existed a distinction between study quantity and 
size among different geographical groups, which may bias the 
conclusions. No studies from Africa or Asia were included; 
therefore, assessment regarding these areas was not possible. 
Furthermore, in HSV‑2‑related analyses, there were five 
studies with 1,213 cases and 1,737 controls in the North and 
South American group (11,14,25,26) and three studies with 
508 cases and 428 controls in the European group (10,15,27). 
With fewer studies and participants, the results from the 
European group may not be representative or stable. Thirdly, 
the selected databases covered parts of unpublished articles; 
however, we did not specifically search for these gray data, 
although no publication bias was observed by tests.

In conclusion, the meta‑analysis demonstrated a potential 
association between HSV‑2 infection and a higher prostate 
cancer risk, confined to the North and South American group, 
as determined by stratified analysis. An association between 
HHV‑8 infection and prostate cancer was not detected. The 
results of this study failed to explain the roles that HSV‑2 or 
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HHV‑8 infection may play in prostate cancer. Further inves-
tigations and large‑sample studies are required to elucidate 
the potential mechanism underlying viral carcinogenesis and 
the relationship between herpes virus infection and prostate 
cancer risk.
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