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Introduction

Colorectal cancer (CRC) is the third most commonly 
diagnosed cancer and the second-leading causes of 
cancer-related mortality in the world (Bray et al., 2018). 
According to the WHO estimates, it is expected to see 
more than 60% increase in the incidence and mortality 
rate of this cancer up to 2030 (Ferlay et al., 2013). 
Environmental and genetic factors can increase the chance 
of developing CRC. Although familial aggregation of CRC 
has been proved well, majority of CRC are sporadic rather 
than being familial (Lynch and De la Chapelle, 2003). 
Variety of risk factors including gender, race, obesity, 
consumption of red and processed meat, tobacco smoking 
and alcohol consumption has been known to be associated 
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with increased risk of CRC (Liang et al., 2009; Chan et al., 
2011). Recently, the relationship between some infectious 
agents with cancer has been noticed. About one-fifth of 
cancers are related to infectious factors, mostly viral 
agents (Höcker and Hohenberger, 2003). For example 
infection with Epstein- Barr virus has been associated with 
gastric and nasopharyngeal cancers as well as Burkitt’s 
lymphoma (Murphy et al., 2009; Shannon-Lowe et al., 
2017; Tsao et al., 2017) while human T-lymphotropic 
virus has been associated with Adult T cell Leukemia. 
(Bangham and Ratner, 2015).

The role of viral agent in CRC haven’t been studied 
well. Recently, the association of polyomaviruses with 
CRC attracted a lot of attention, but the results of studies 
are inconclusive. The family of polyomaviruses consists 
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of 10 members including BK virus (BKV) and JC virus 
(JCV). While JCV is observed in 40% of normal colon 
mucosa, a higher prevalence of JCV (90%) has been 
observed in colorectal cancer cases (Coelho et al., 2013). 
Similarly, a relationship has been observed between 
infection with BKV and CRC (Narayanan et al., 2007; 
Abend et al., 2009). But different detection methods, study 
population and choose of control group in these studies 
resulted in non-identical findings and limits comparability 
of their results (Theodoropoulos et al., 2005; Sinagra et 
al., 2014).

The aim of present study is to provide a comprehensive 
systematic review and meta-analysis of available 
researches on prevalence of JCV and BK in CRC and 
provide evidence-based analysis of literature relating these 
viruses and CRC. As a second object, we also assessd the 
association between the prevalence of the viruses and 
colorectal cancer

Materials and Methods

This systematic review was conducted based on the 
guidelines provided for Meta-analysis Of Observational 
Studies in Epidemiology (MOOSE). PRISMA 2009 flow 
diagram used for detailing the identification and selection 
of studies for inclusion in the review.

Search strategy
We performed automated searches on electronic 

databases including Sciences Direct, PubMed, ProQuest, 
Web of Sciences and Scopus up to 2nd June 2019 without 
restrictions of geographical area and publication date. 
A search strategy was carefully defined to capture all 
potentially eligible studies. We used a combination of 
Medical Subject Headings (MeSH) and similar text 
words just in English language. Manual search methods 
were done to identify additional relevant articles. The 
key MeSH terms combined with the Boolean operator 
including (“Colorectal Neoplasms OR “Colorectal Tumors 
OR “Colorectal Carcinoma OR “Colorectal Cancer” 
OR “Colonic Neoplasms” OR “Rectal Neoplasms” OR 
“Rectal Tumors” OR “Rectal Cancer” OR “Rectum 
Cancer”) and (“JC Virus” OR “JC polyomavirus” OR 
“Polyomavirus hominis 2” OR “John Cunningham Virus” 
OR “Human Polyomavirus JC” OR “BK Virus” OR 
“Polyomavirus, BK” OR “Polyomavirus hominis 1” OR 
“BK polyomavirus” OR “Human Polyomavirus BK”).

Study selection
To calculate the prevalence of viruses in CRC, English 

original studies with interventional and observational 
designs including cross-sectional, case-control, cohort  
reported JCV or BKV prevalence (point prevalence) in 
colorectal cancer patients were included in the review. 
To measure the strength of association between JCV/
BKV and CRC, English original studies reported any of 
the three measures of association, including odds ratio 
(OR), relative risk (RR) or prevalence rate ratio (PRR) 
for JCV and BKV based on tissue of CRC patient, and 
control group were included. Studies were also included 
if the OR could be calculated from the data. Studies were 

excluded if they were: i) review or case report; ii) studies 
on cell lines; iii) conducted in a selective population like 
HIV infected patients; iv) not included relevant extractable 
data; v)used plasma or urine sample. Where more than 
one publication related to the same study, only the more 
informative one was used.

Article screening
Two independent reviewers (A.N and O.A) carefully 

scanned all titles, abstracts, and keywords of every 
published article for their relevancy and eligibility criteria. 
Any disagreements between the two reviewers resolved 
by further investigation and discussion among the authors. 
If the information in the title or abstract was insufficient, 
the full text was reviewed.Eventually 19 articles were 
included in meta-analysis.

Data extraction and management
The data extraction procedure was performed by 

two reviewers (H.SH. and A.N.) using a digital data 
extraction form. Extracted information were: the name of 
the first author, the study design, the year of publication 
and characteristics of study population(country and 
study setting, gender, age and sample size), types of 
control group(adjacent tissue in the same patient, healthy 
population, adenoma controls,etc.), virus type(JCV 
or BKV), types of biologic sample(tissue or plasma), 
detection methods(PCR, nested PCR, etc.), virus targets 
and study type.  For assurance, the investigators reviewed 
randomly selected 50% of each other’s reviewed studies 
and any disagreements between the two reviewers were 
solved by consulting with a third reviewer (O.A) and 
pathologist (R.M).

All information was double entered in the data 
extraction form in order to avoid data entry errors. 

Assessment of methodological quality
The quality of articles was evaluated with The Joanna 

Briggs Institute critical appraisal checklist for prevalence, 
Cohort and Case Control Studies. Studies assessed 
according to the following methodological criteria: 
used valid methods, appropriate sample and appropriate 
statistical analysis.

Data analysis
The pooled prevalence was calculated using the 

“metaprop” command and the pooled odds ratio (POR) 
was calculated by “metan” command in Stata software 
Version 14. The random effects model was employed 
to estimate the pooled measures and 95% Confidence 
intervals (95% CI). A two-sided P-value <0.05 of POR 
was considered statistically significant. The subgroups 
analysis was performed just in groups with at least three 
studies. The forest plot was used to display the results of 
the meta-analysis. The Begg’s funnel plot and egger’ test 
were draw to evaluate the publication bias of analytical 
studies.

Furthermore, a meta-regression analysis was applied 
to investigate the impact of some variables such as type 
of diagnosis test, location of sampling and sample type 
on the I2, and pooled OR.
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et al., 2015; Sarvari et al., 2018; Haghi Navand et al., 
2019) and five studies assessed the BK virus prevalence 
(Casini et al., 2005; Giuliani et al., 2008; Tseng et al., 
2014; Jarzynski et al., 2017; Sarvari et al., 2018) 

Some studies had used several targets and diagnostic 
methods (Enam et al., 2002; Hori et al., 2005; Lin et al., 
2008; Tsekov et al., 2011; Mou et al., 2012; Matalka 
et al., 2013; Tseng et al., 2014). One stydy used In 
Situ Hybridization (ISH) (Samaka et al., 2013), one 
study used real time PCR(Polymerase Chain Reaction) 
(Tsekov et al., 2011) and others used PCR, nested-PCR 
or Immunohistochemistry (IHC), (Enam et al., 2002; 
Casini et al., 2005; Hori et al., 2005; Theodoropoulos et 
al., 2005; Goel et al., 2006; Giuliani et al., 2008; Jung et 
al., 2008; Lin et al., 2008; Niv et al., 2010a; Niv et al., 
2010b; Ramamoorthy et al., 2011; Tsekov et al., 2011; 
Mou et al., 2012; Coelho et al., 2013; Matalka et al., 2013; 
Ripple et al., 2014; Sinagra et al., 2014; Ksiaa et al., 2015; 
Jarzynski et al., 2017; Toumi et al., 2017; Sarvari et al., 
2018; Haghi Navand et al., 2019). Most of the studies 
targeted DNA and T antigen (TAg) from the samples in 
order to diagnose the viruses (Enam et al., 2002; Hori et 
al., 2005; Goel et al., 2006; Jung et al., 2008; Lin et al., 
2008; Niv et al., 2010b; Tsekov et al., 2011; Mou et al., 
2012; Vilkin et al., 2012; Matalka et al., 2013; Samaka et 
al., 2013; Ripple et al., 2014; Tseng et al., 2014; Haghi 
Navand et al., 2019), however, viral protein 1(VP1), non-
coding control region (NCCR) and Agnoprotein were also 
used as target (Enam et al., 2002; Hori et al., 2005; Tsekov 
et al., 2011; Tseng et al., 2014). 

Results

Literature search result
The initial search resulted in 1,461 articles. After 

removing 98 duplicates, 1,363 articles underwent title 
and abstract screening, which yielded the exclusion of 
1,281 irrelevant studies. By checking the remained articles 
(n=82), eight further articles were found through reading 
the article references. Overall, the eligibility of 90 articles 
was reviewed by reading of the full text. At this step, 
65 articles were excluded for the following reasons: 7 
studies were reviewed or case report, 22 studies weren’t 
conducted on CRC patients, 28 articles didn’t report any 
relevant extractable data, 2 studies were methodological 
and technical studies, 1 study was conducted on people 
living with HIV and 3 studies didn’t used tissue or plasma 
for sample extraction. A total of 24 articles met the 
inclusion criteria and were included in qualitative analysis 
while 18 articles included in quantitative analysis. The 
flow diagram of study selection process has been shown 
in Figure 1. 

Study and participant characteristics
Majority of included studies were cross-sectional, 28 

studies assessed the prevalence of JC virus in CRC (Enam 
et al., 2002; Hori et al., 2005; Theodoropoulos et al., 
2005; Goel et al., 2006; Giuliani et al., 2008; Jung et al., 
2008; Lin et al., 2008; Niv et al., 2010a; Niv et al., 2010b; 
Ramamoorthy et al., 2011; Mou et al., 2012; Matalka et 
al., 2013; Samaka et al., 2013; Ripple et al., 2014; Ksiaa 

Figure 1. Flow Diagram of the Studies Selected for Systematic Review and Meta-Analysis of JCV and BK viruses in 
Colorectal Cancer Cases
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BKV prevalence
Just five studies had measured the prevalence of BKV 

in CRC patients (Casini et al., 2005; Giuliani et al., 2008; 
Tseng et al., 2014; Jarzynski et al., 2017; Sarvari et al., 
2018). Because of the low number of studies focusing 
on BKV by different methods, they were not included in 
the quantitative analysis. The characteristics of the five 

studies are shown in table1. The reported prevalence in 
these studies varies from 0.0% to 100: Casini et al., (2005) 
that used ISH method found 11 out of 18  cases positive 
for the virus. By using PCR method, Sarvari et al., (2018) 
found no virus in 140 of their studies cases, Giuliani et 
al., (2008) found the virus in 6 out of 66 cases (9%), and 
Jarzynski et al., (2017) reported 30%(15 of 50 cases). Also 

Figure 2. Forest Plot of Meta-Analysis of JCV Prevalence in Colorectal Cancer Ppatients Using PCR as the Method 
of Detection Categorized by Different Targets (DNA, TAg, VPI, Agnoprotein) 

Figure 3. Forest Plot of Meta-Analysis of JCV Prevalence in Colorectal Cancer Patients Using Nested PCR as the 
Method of Detection Categorized by Different Targets(DNA and TAg) 
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Tseng et al., (2014) found BKV in all three cases by using 
PCR and IHC methods (1 man and 2 women).

Meta-analysis of JCV prevalence
Overall 18 studies reported the JCV prevalence 

in colorectal cancer that were included in prevalence 

Figure 4. Forest Plot of Meta-Analysis of JCV Prevalence in Colorectal Cancer Patients Using IHC as the Method of 
Detection Categorized by Different Targets (TAg, VP1, Agnoprotein) 

Figure 5. Forest Plot of Associaion between JCV and Colorectal Cancer Presented as Pooled Odds Ratio and 95% 
Confidence Intevals According to Types of Control Group Used. a, healthy people controls; b, the adjacent mucosa 
controls; c, adenomatous cases controls; d: Non-colorectal cancer controls
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meta-analysis (Enam et al., 2002; Casini et al., 2005; Hori 
et al., 2005; Theodoropoulos et al., 2005; Goel et al., 2006; 
Giuliani et al., 2008; Lin et al., 2008; Niv et al., 2010a; 
Niv et al., 2010b; Tsekov et al., 2011; Mou et al., 2012; 
Coelho et al., 2013; Matalka et al., 2013; Sinagra et al., 
2014; 2014; Ksiaa et al., 2015; Toumi et al., 2017; Sarvari 
et al., 2018; Haghi Navand et al., 2019). Nine studies used 
PCR (Enam et al., 2002; Casini et al., 2005; Goel et al., 
2006; Giuliani et al., 2008; Niv et al., 2010b; Matalka et 
al., 2013; Ksiaa et al., 2015; Sarvari et al., 2018; Haghi 
Navand et al., 2019), seven studies used nested-PCR (Hori 
et al., 2005; Theodoropoulos et al., 2005; Lin et al., 2008; 
Mou et al., 2012; Coelho et al., 2013; Sinagra et al., 2014; 
Toumi et al., 2017) and seven studies used IHC methods 
for virus detection). The reported prevalence ranged from 
0% to 94% and varied based on the target and diagnostic 
method (Figures 2-4). 

As the studies were heterogeneous based on method 
of virus detection, we estimated the pooled prevalence 
for different detection methods including PCR, 
nested-PCR and IHC separately. The pooled prevalence 
(95% confidence interval) was estimated at 46 % 
(19%- 73%) for PCR, 52% (32%-72%) for nested-PCR 
and 34 %( 16%- 53%) for IHC (Figures 2-4).

Prevalence of JCV in subgroups
There was also a variation in type of target detection 

in each method. Among studies that used PCR, seven 
studies used viral DNA (Casini et al., 2005; Giuliani et 
al., 2008; Niv et al., 2010b; Matalka et al., 2013, Ksiaa et 
al., 2015; Sarvari et al., 2018; Haghi Navand et al., 2019), 
4 studies used TAg(Enam et al., 2002; Goel et al., 2006; 

Niv et al., 2010b; Matalka et al., 2013) and 1 study used 
VP1 and Agnoprotein as the target (Enam et al., 2002). In 
subgroup analysis, the pooled prevalence of JCV in studies 
used PCR with the target of TAg was 62 % (38%-83%) 
which was higher than studies used DNA 36% (2%-80%). 
We didn’t calculate the pooled prevalence for VP1 and 
Agnoprotein by the PCR method as there was just one 
study for each of these targets (Enam et al., 2002). The 
prevalence was reported to be 15 % (4%-34%) for VP1 
and 56% (35%-75%) for Agnoprotein (Figure 2). As just 
one study used real time PCR and NCCR, it was excluded 
from the metanalysis. In the study 10 and 0 out of 44 cases 
were positive for the JC virus by using TAg and NCCR, 
respectively (Tsekov et al., 2011).

From 8 studies used nested-PCR for virus detection, 6 
studies used viral DNA (Theodoropoulos et al., 2005; Lin 
et al., 2008; Mou et al., 2012; Coelho et al., 2013; Sinagra 
et al., 2014; Toumi et al., 2017), 2 studies used TAg (Hori 
et al., 2005; Mou et al., 2012) as the target. The pooled 
prevalence of JCV for DNA target was estimated at 59% 
(31%- 84%) which was higher than estimated prevalence 
based on TAg 39% (31%- 46%)) (Figure 3).

From studies used IHC, the TAg, VP1 and Agnoprotein 
were used as targets in 7, 3 and 1 studies respectively 
(Enam et al., 2002; Hori et al., 2005; Goel et al., 2006; 
Jung et al., 2008; Lin et al., 2008; Matalka et al., 2013; 
Ripple et al., 2014). The pooled prevalence in studies 
used TAg was 45% (26%- 64%) while 0.0% in studies 
that used VP1 as the target. We didn’t calculate the pooled 
prevalence for Agnoprotein as there was just one study for 
this method. In this study the prevalence was reported to 
be 44 % (25%-65%) (Figure 4).

Figure 6. Funnel Plot of Studies Included in the Meta-Analysis of Association between JCV and Colorectal Cancer 
According to Types of Control Group Used. a, healthy people controls; b, the adjacent mucosa controls; c, adenomatous 
cases controls; d, Non-colorectal cancer controls
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Association of JCV and colorectal cancer
In 13 studies, the prevalence of JCV in CRC was 

compared with a control group. There were four types of 
control groups in order to compare the prevalence of JCV 
in CRC with them (Casini et al., 2005; Hori et al., 2005; 
Theodoropoulos et al., 2005; Goel et al., 2006; Jung et al., 
2008; Niv et al., 2010b; Tsekov et al., 2011; Mou et al., 
2012; Coelho et al., 2013; Matalka et al., 2013; Samaka et 
al., 2013; Ksiaa et al., 2015; Haghi Navand et al., 2019). 
The control groups used were healthy people, normal 
mucous tissue of the same person, patients with colorectal 
adenoma and patients with non-CRC (HCV, polyp and 
gastrointestinal disorders other than CRC).

In Figure 5, the pooled odds ratios and 95% confidence 
intervals comparing JCV in patients with CRC and various 
types of control groups is shown. The below results are 
presented as pooled odds ratio (95% confidence intervals). 
The likelihood of being infected with JCV in CRC cases 
was significantly higher than all control groups except 
non-CRC individuals. Compared to healthy controls, CRC 
patients had 4.41 (2.13 - 9.13) times higher chance of being 
infected with JCV. Furthermore, the likelihood of being 
infected with JCV in CRC patients was 3.1 (1.5-6.5) times 
more than patients diagnosed with colorectal adenoma. 
Comparing CRC tissue and normal adjacent tissue in the 
same person, the chance of being infected with JCV in 
CRC tissue was 2.79 (1.3-5.9) times more than normal 
adjacent tissue. However, when non-CRC patients used 
as control group the difference was not significant.

Meta-regression test was used to assess the effect of 
as type of diagnosis test, location of sampling and sample 
type on heterogeneity.

In the naive model, without any variable, I2 was 
98%. Several models with different variables were made, 
in which I2 ranged from 98% to 99%, and the input of 
different variables did not have any effects on reducing 
the amount of heterogeneity.

Assessing the publication bias
The Egger’s test was non-significant for the pooled 

odds ratio over the studies that had compared cancerous 
tissues to adjacent mucosa, adenomatous and NCRC 
samples while, it was significant for pooled odds ratio 
over the studies that had compared  the cancerous tissues 
to healthy individuals’ tissues as control group (p value: 
0.013). The funnel plot confirmed the Egger’s test results 
(Figure 6).

 
Discussion

The results of present systematic review and 
meta-analysis showed a huge variation regarding the 
JCV and BKV prevalence in different studies, from no 
positive case to considerable prevalence by some studies. 
Furthermore, we showed a positive association between 
JCV infection and CRC.

The pooled prevalence of JCV was highest when 
Nested-PCR was used as method of detection and was 
lowest when IHC was used (52% vs. 29%). These 
variations may be due to the sensitivity of various 
techniques used. It is well established that nested-PCR is a 

high sensitive methods of polyomaviruses detection (Mou 
et al., 2012a) and as we expected, the polled prevalence 
of JCV was higher when nested-PCR was used. 

For BKV prevalence, various methods of detection 
including PCR, IHC and ISH resulted in various prevalence 
from non-positivity to all-positivity. Furthermore, there 
are huge variations in estimated prevalence reported by 
studies in which similar methods were used. For example, 
Tseng et al., (2014) found all three sample positive by IHC 
method while none of the three sample were positive when 
PCR method was used. In contrast, Sarvari et al. found 
no positive sample using PCR (Sarvari et al., 2018) while 
Giuliani found 9 percent of sample positive using the same 
method (Giuliani et al., 2008). As just five studies reported 
the prevalence of this virus, no valid interpretation could 
be drawn. 

Behind the heterogeneity between the studies due 
to applied techniques and targets, other factors may 
also explain different prevalence obtained by various 
studies. Environment, geographic area, age and life 
style are potential factors affecting the prevalence. The 
primary infection with BKV occurs in early years of 
life while infection with JVC occurs at older ages: late 
childhood and adolescence. Seroconversion is observed 
at highest rates during adolescence and continues at a 
lower frequency until the age of about 60 (Comar et 
al., 2012). Environment is another factor affecting the 
prevalence. Although the transmission mechanism has 
not clearly explained, the high resistance of the viruses 
to environmental inactivation and its presence at high 
concentrations in human sewage and other water sources 
indicate fecal-oral transmission (Bofill-Mas and Girones, 
2001; Bofill-Mas and Girones, 2003; Auer et al., 2018; 
Levican et al., 2018). JCV could be orally ingested 
and might infect people through the gut mucosa as it 
seems to be relatively stable to acidic environment and 
proteinase exposure present in the gastrointestinal tract 
(Bofill-Mas and Girones, 2003).Therefore, variation in 
environmental health in various regions may affect the 
prevalence. Various studies estimated the prevalence of 
Polyoma viruses in general population. In Kuwait, 2013, 
the prevalence of infection with polyomaviruses including 
JCV and BKV among healthy kidney donors reported to 
be 42% using semi nested-PCR (Chehadeh et al., 2013). 
In Pakistan, 2017 the BKV and JCV was detected in 
27.1% and 11.6% of healthy individuals respectively 
using real time PCR (Hussain et al., 2017). Furthermore, 
Vanchiere et al. in the USA, detected the BKV and JVC 
in 8% and 9% of stool specimens of healthy individuals 
using PCR method (Vanchiere et al., 2009). Because 
of variation in geography, detection methods and back 
ground characteristics of studied sample, comparing the 
pooled-prevalence we calculated for CRC patients with 
general population maybe misleading and therefore we 
avoid it. To make a valid comparison, high quality studies 
comparing the polyomaviruses prevalence in CRC patients 
and healthy individuals from the same demographic back 
ground and using similar detection method is needed.

We showed a positive association between JVC and 
CRC. This significant association was observed in 3 types 
of control groups including healthy people, adjacent 
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normal mucosa and colorectal adenoma. The strength 
of association was more when healthy people were used 
as control group than when adjacent normal mucosa 
and adenomatous tissue considerd. This was expectable 
because the adjacent and tumour tissues in the same 
person contain the same genetic message (Wacholder 
et al., 1992), so the similarity between the cancerous 
tissue and the adjacent tissue might lead the odds ratio to 
artificially decrease. Although the carcinogenic effects 
of JVC has been confirmed in experimental animals, the 
results in human are controversial. International Agency 
for Cancer Research Monograph Working Group, in 
2012 classified the JVC as “Group 2” which refers to 
“possibly carcinogenic to human”(Bouvard et al., 2012). 
Experimental studies indicate that oncogenic effects of 
JVC is mainly related to the viral large T antigen which 
was also one of the most common used primer targets 
for virus detection in the  included studies. The T antigen 
can inactivate tumor suppressor proteins p53 and pRB 
(Dalianis and Hirsch, 2013). Furthermore, abnormal 
DNA methylation and chromosomal instability are other 
mechanisms that has been attributed to the oncogenic 
effect of JVC (Chen et al., 2015).

We should state that the associations we found 
in present meta-analysis should be interpreted with 
caution. The funnel plot is suggestive of some degrees 
of publication bias, which means that the calculated 
odds ratio in the meta-analysis may overestimate the true 
association between JCV and CRC. In addition, most 
studies suffer from limitations such as low sample size 
and inappropriate adjustment of potential confounders. 
Furthermore, as the temporal sequence of infection with 
JVC and incidence of CRC wasn’t addressed in any 
study, the observed association in present study cannot 
be indicative of causation. JCV infection is usually an 
asymptomatic infection and commonly occurs in later 
childhood and adolescence (Chehadeh et al., 2013). Then 
after, the virus remains latent. Previous studies showed 
that prevalence of infection with JVC is significantly 
higher in immunosuppressed people compared to 
non-immuno-suppressed (Niv et al., 2010a; Niv et al., 
2010b) which suggests the reactivation of polyomaviruses 
following immunosuppressive treatment. So, reverse 
causation, which refers to the activation of virus after 
chemotherapy induced immune-suppression in CRC 
patients is another explanation in this regard. 

In conclusion, JCV and BK infections seems to be 
common in CRC patients and might be a risk factor for 
CRC. Large population-based prospective and in vivo 
studies are needed to determine whether JCV and BK 
are causative agents of CRC. Improving the life style and 
environmental health care during early life might decrease 
the prevalence of the viruses.
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