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TITLE   

Title  1 Viral infection and glioma: a meta-analysis of prognosis.  

ABSTRACT   

Structured summary  2 Background: Glioma is the most common primary brain tumor, occurring due to the carcinogenesis of glial cells in the 
brain and spinal cord. Many aspects of the mechanism of its tumorigenesis remain unknown. The relationship 
between viral infection and glioma is one of the most important research aspects in this field. Currently, there is a lack 
of systematic reviews and meta-analyses to evaluate the effect of viral infection on the prognosis of glioma patients. 
The purpose of this study was to evaluate the relationship between viral infection and the prognosis of glioma 
patients, aimed at evaluating the prognostic value of the detection of viral infection. 

 

Methods: Through careful and comprehensive retrieval of results from the PubMed, Embase, and Cochrane 
databases, eligible articles were selected strictly according to the inclusion and exclusion criteria. The regional 
sources, detection methods, detection indicators, patient survival, and other data from the samples in the papers 
were extracted, and the integrated analysis was conducted using Stata 15.1. We conducted a subgroup analysis of 
the relationship between the degree of infection and prognosis in cytomegalovirus (CMV) patients. 

 

Results: A total of 11 studies were included in the analysis. Among them, 7 studies involved the relationship between 
CMV infection and the prognosis of patients with glioma, 2 studies involved human papillomavirus (HPV), 2 studies 
involved human herpesvirus-6 (HHV-6), and one study involved simian virus 40 (SV40), woolly monkey sarcoma 
virus (WMSV) and human endogenous retrovirus K113 (HERV-K113). In the CMV study, the pooled Hazard ratio 

(HR) of Overall survival (OS) was 1.024 (CI: 0.698–1.501), with a P value of 0.905. The pooled HR of Progression 

free survival (PFS) was 1.067 (CI: 0.770–1.478), with a P value of 0.697. The pooled HR value of low-degree 

infection versus high-degree infection was 1.476 (CI: 0.799–2.727), with a P value of 0.213. In the HPV study, the 

pooled HR of OS was 1.467 (CI: 0.552–3.901), with a P value of 0.443. 

 

Conclusion: CMV infection has no significant effect on the prognosis of glioma patients. Using the IEA as the 
detection index, the degree of CMV infection was found to have a significant impact on the prognosis of glioma 
patients; it was not found to possess a significant prognostic value after the integration of different indicators. Neither 
HPV nor HHV-6 infection has a significant effect on the prognosis of glioma patients. SV40 and WMSV infection are 
associated with poor prognosis in patients with low-grade glioma. 

 

Registration: this meta-analysis registered in https://www.crd.york.ac.uk/PROSPERO/, PROSPERO ID: 
CRD42019127648. 

Abstract, 

paragraph 1.  

INTRODUCTION   

Rationale  3 The main purpose of this meta-analysis was to analyze whether viral infection in glioma cells had a significant impact Conclusion



on the prognosis of patients. To assess the prognostic efficacy of viral infection. And to provide guidance on whether 
routine testing for viral infection is necessary for pathological examination of biopsy. At the same time, the specificity 
of intracellular viral infection is still controversial. If the virus is one of the causes of tumor initiation and progression, it 
may significantly affect patient prognosis. Prognostic analysis can provide some information. And we ended up with 
relatively negative results. And when we get that, we cannot easily conclude that these viruses, which are latent in 
tumor cells, can have a significant effect on the prognosis of patients. Virus infection may be nonspecific and 
unrelated to the tumor. Alternatively, viral infection may not be enough to dominate tumor progression. Anyway, more 
evidence is needed to establish a strong link between the virus and glioma. 

,paragraph 
2. 

Objectives  4 The subjects were detected for intracellular viral infection in glioma cells from all over the world. Because it is a 
retrospective meta-analysis of detection, there is no intervention. In each virus plate, subjects with positive virus 
infection were compared with those with negative virus infection, and the pooled HR was used as the final effect size. 
An HR value of > 1 indicates that the dependent variable of the test group has a negative effect on the prognosis; an 
HR value < 1 indicates that the dependent variable of the test group has a positive effect on the prognosis. P < 0.05 
indicates that the conclusion was considered statistically significant.  

Methods, 
2.4.Statistic
al analysis, 
paragraph 
1. 

METHODS   

Protocol and registration  5 Review protocols exist.You can browse https://www.crd.york.ac.uk/PROSPERO/, PROSPERO ID: 
CRD42019127648. 

Abstract, 
paragraph 
5. 

Eligibility criteria  6 (1) the samples were brain tumor tissue samples from clinical patients, with clear source records and clear 
pathological diagnosis, (2) studies with clear specimen detection methods and indicators, (3) studies exploring the 
correlation between the expression of the virus in glioma cells and the survival outcome of patients, and (4) HR or 
relative risk (RR), 95% CI or SE, and Kaplan-Meier curves were reported in the studies. Otherwise, we contacted the 
corresponding author to obtain the required data. 

Methods, 
paragraph 
2. 

Information sources  7 Through careful and comprehensive search of articles before February 28, 2019 in PubMed, Embase and Cochrane 
databases, and Cochrane databases, eligible articles were selected strictly according to the inclusion and exclusion 
criteria. 

Methods, 
paragraph 
1. 

Search  8 We carefully searched for literature published until February 28, 2019 in the PubMed, Embase, and Cochrane 
databases. The search terms mainly included the following terms: "Glioma", "Viruses", "RNA Virus Diseases", "DNA 
Virus Diseases", and "Central Nervous System Viral Diseases". The search strategy is adjusted according to 
documents from different databases; the search strategy of PubMed is:  ((((((((((((((((("Glioma"[Mesh]) OR 
Gliomas[Title/Abstract]) OR Glial Cell Tumors[Title/Abstract]) OR Glial Cell Tumor[Title/Abstract]) OR Tumor, Glial 
Cell[Title/Abstract]) OR Tumors, Glial Cell[Title/Abstract]) OR Mixed Glioma[Title/Abstract]) OR Glioma, 
Mixed[Title/Abstract]) OR Gliomas, Mixed[Title/Abstract]) OR Mixed Gliomas[Title/Abstract]) OR Malignant 
Glioma[Title/Abstract]) OR Glioma, Malignant[Title/Abstract]) OR Gliomas, Malignant[Title/Abstract]) OR Malignant 
Gliomas[Title/Abstract])) AND (((((((((("Viruses"[Mesh]) OR virus infection[Title/Abstract]) OR Viral Gene 
Expression[Title/Abstract]) OR Gene Expression, Viral[Title/Abstract]) OR Viral Expression[Title/Abstract]) OR 
Expression, Viral[Title/Abstract])) OR (((((("RNA Virus Infections"[Mesh]) OR Infections, RNA Virus[Title/Abstract]) 
OR Infection, RNA Virus[Title/Abstract]) OR RNA Virus Infection[Title/Abstract]) OR Virus Infection, 
RNA[Title/Abstract]) OR Virus Infections, RNA[Title/Abstract])) OR (((((("DNA Virus Infections"[Mesh]) OR Infections, 
DNA Virus[Title/Abstract]) OR DNA Virus Infection[Title/Abstract]) OR Infection, DNA Virus[Title/Abstract]) OR Virus 
Infection, DNA[Title/Abstract]) OR Virus Infections, DNA[Title/Abstract])) OR (((((((((((("Central Nervous System Viral 
Diseases"[Mesh]) OR Viral Infections, Central Nervous System[Title/Abstract]) OR Infections, CNS, 

Methods, 
paragraph 
1. 



Viral[Title/Abstract]) OR Infections, Viral CNS[Title/Abstract]) OR Infections, Viral CNS[Title/Abstract]) OR CNS 
Infection, Viral[Title/Abstract]) OR CNS Infections, Viral[Title/Abstract]) OR Infection, Viral CNS[Title/Abstract]) OR 
Viral CNS Infection[Title/Abstract]) OR Viral CNS Infections[Title/Abstract]) OR Viral Diseases, and Central Nervous 
System[Title/Abstract]) OR Central Nervous System Viral Infections[Title/Abstract]))). 

Study selection  9 Literatures that met the following criteria were included in the study: (1) the samples were brain tumor tissue samples 
from clinical patients, with clear source records and clear pathological diagnosis, (2) studies with clear specimen 
detection methods and indicators, (3) studies exploring the correlation between the expression of the virus in glioma 
cells and the survival outcome of patients, and (4) HR or relative risk (RR), 95% CI or SE, and Kaplan-Meier curves 
were reported in the studies. Otherwise, we contacted the corresponding author to obtain the required data. 

 

Literatures that met the following criteria were excluded: (1) the written language was not English, (2) reviews, letters, 
editorials, and meeting records, (3) study focusing on gene expression, (4) the detection samples were not from the 
glioma samples of the patients, (5) neither the viral antigen nor DNA were detected, and (6) sample cases were from 
a database.  

 

Literatures included in the study were evaluated according to the guidelines of the observational studies in the 
epidemiology group (MOOSE) (Stroup et al. 2000)[1, 2]. The main assessment items are: (1) clear source of 
specimens, (2) rigorous and transparent experimental design, (3) a clear definition of positive viral infection, and (4) 
long enough survival follow-up.  

Methods, 
paragraph 
2. 

Data collection process  10 Researchers extract the following research data through the standard form: (1) first author's name and year of 
publication, (2) regional origin of the study population and tumor classification, (3) detection method and detection 
index, (4) total number of subjects, and numbers of positive and control subjects, and (5) survival analysis by 
statistical methods, HR, 95% CI, SE, and P values. In the absence of survival data in the literature, we adopted the 
following strategies to extract the data: (1) download the patient information table, adopt the covariate indicators 
described in the literature, and use SPSS 22.0 to calculate the HR, 95% CI, and P values, (2) according to the 
extraction strategy presented by Jayne f. Tierney et al.[3], HR and 95% CI were extracted from Kaplan-Meier curves 
by using Photoshop Portable, Engauge Digitizer 10.8, and Excel 2013, and P values were calculated using Revman 
5.3, (3) when it was difficult to extract the HR data, we recorded the OR values for 18 months of survival or the 
median survival time, and (4) obtaining the required data by contacting the corresponding author. 

Methods, 
2.3. Data 
extraction, 
paragraph 
1. 

Data items  11 （1）year（2）region（3）virus（4）grade（5）method mark（6）purpose（7）number（8）The number of positive

（9）The number of negative（10）Multivariate analysis or Univariate analysis （11）comparison（12）effect size

（13）HR（14）LL（15）UL（16）P value 

Table 1. 

Risk of bias in individual 
studies  

12 As the final number of articles that can be combined is less than 10, the researchers did not use biased evaluation of 
the results according to the design at the time of registration. 

N/A 

Summary measures  13 The researchers used the pooled HR as the final effect size. Methods, 
2.4.Statistic
al analysis, 
paragraph 
1. 



Synthesis of results  14 Researchers used I2 statistics to evaluate the heterogeneity among different studies. If the I2 was < 50%, the fixed 
effect model was used. If the I2 was > 50%, the random effect model was used. The statistical software Stata 15.1 
was used for calculating the I2 statistics. The final pooled effect size was calculated in case of the following: (1) HR, 
(2) 95% CI, (3) SE (HR), and (4) P value. An HR value of > 1 indicates that the dependent variable of the test group 
has a negative effect on the prognosis; an HR value < 1 indicates that the dependent variable of the test group has a 
positive effect on the prognosis. P < 0.05 indicates that the conclusion was considered statistically significant. The 
results were subjected to sensitivity analysis; the calculation model was selected according to the I2 value. If the 
effect value deviates greatly from the pooled value or exceeds the 95% CI range of the pooled value, it is considered 
that the study has a significant impact on the pooled result. 

Methods, 
2.4.Statistic
al analysis, 
paragraph 
1. 
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Risk of bias across studies  15 As the final number of articles that can be combined is less than 10, the researchers did not use biased evaluation of 
the results according to the design at the time of registration. 

N/A 

Additional analyses  16 Subgroup analysis was used in this study, and the statistical method was described above. Results, 
paragraph 
4. 

RESULTS   



Study selection  17 

 

Figure 1 

Study characteristics  18 Due to the large content, it will be presented as an attachment. And it's available in the manuscript. Table 1 

Risk of bias within studies  19 For the reasons mentioned above, this item is lacking. N/A 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

Results, 
paragraph 
2. 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Figure 2-4 

Risk of bias across studies  22 For the reasons mentioned above, this item is lacking. N/A 

Additional analysis  23 Studies on CMV was conducted using subgroup analysis. Results, 



paragraph 
4. 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers).  

N/A 

Limitations  25 Our study had the following limitations: patients in different studies came from different geographical sources. The 
sensitivity or specificity of the detection methods and detection indexes were different among different studies. 
Standardized and unified detection standards can improve the accuracy of prognosis analysis. In one study, different 
models of PCR machines and different detection indicators were compared[27]. UL83 detection by qPCR and UL55 
detection by nPCR showed the highest sensitivity. This suggested that the choice of the PCR technique and tumor 
samples to be used is important for the successful detection of low levels of the virus. The HR value obtained was 
derived from the univariate analysis. Compared with the HR values obtained by the multivariate analysis directly 
reported in other articles, the accuracy of the prognostic diagnosis was lower. With regards to studies on HPV and 
prognosis, the abstract of one study mentioned the prognosis analysis, but the researcher could not access the full 
text; excluding the study may have an impact on the integration of HR results. The other literature on the degree of 
CMV infection and the prognosis of patients was a meeting record, which was excluded based on our strict exclusion 
criteria. 

 

Considering the homogeneity of the detection data, we only used the data from glioma tissue samples in this study. 
But viral infections may not only work by infecting glioma cells. Viruses in blood and cerebrospinal fluid, especially 
CSF, may affect the microenvironment of tumors, thereby affecting tumor progression and prognosis. 

Discussion, 
paragraph 
2. 

Conclusions  26 Although this indicator of the IEA has shown predictive potential in studies on CMV infection degree and prognosis of 
glioma patients, SV and WMSV infections of low-grade glioma patients have a significant impact on the prognosis; 
the impact of virus infection on the prognosis of patients should still be carefully evaluated. From the current data, 
routine virus detection in tumor specimens should not be recommended for clinical use when current pathological and 
genetic tests have shown great ability to evaluate the prognosis of glioma. A larger number of prospective studies 
with uniform detection methods should be conducted in the future to verify the effect of viral infection on the 
prognosis of patients with glioma. 

 

Another Potential purpose of this study was to indirectly demonstrate the presence of these viruses in GBM cells by 
means of prognostic analysis, if these viruses can play a role in promoting tumor progression. At least, we cannot 
easily conclude that these viruses, which are latent in tumor cells, can have a significant effect on the prognosis of 
patients. Virus infection may be nonspecific and unrelated to the tumor. Alternatively, viral infection may not be 
enough to dominate tumor progression. Anyway, more evidence is needed to establish a strong link between the 
virus and glioma. 

Conclusion
, paragraph 
1. 

FUNDING   

Funding  27 This study was supported by Senior research project of Beijing double leading scholars in Western medicine studies, 
Construction Project of Top Disciplines in Beijing Universities (11920703), Beijing Municipal Science & Technology 
Commission (Z181100001718127) . 

The funds provided by the funding body are used to purchase articles, which are used to extract data. Beijing Tiantan 

Funding, 
paragraph 
1. 



Hospital provided funds to polish the article. 
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