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  Abstract 

Epstein-Barr Virus (EBV) has been widely proposed as a possible candidate virus for 

the viral etiology of human breast cancer, still the most common malignancy affecting 

females worldwide. Due to possible problems with PCR analyses (contamination), the 

lack of uniformity in the study design and insufficient mathematical/statistical methods 

used by the different authors, findings of several EBV (polymerase chain reaction 

(PCR)) studies contradict each other making it difficult to determine the EBV etiology 

for breast cancer. In this present study, we performed a re-investigation of some of the 

known studies. To place our results in context, this study support the hypothesis that 

EBV is a cause of human breast cancer.  
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1. Introduction  

The etiology of human breast cancer (BC), one of the most commonly diagnosed cancer 

in women worldwide [1], is still not clear. Risk factors include cigarette smoking, obesi-

ty, hormone therapy, lifetime menstrual cycles, reproductive history, a family and per-

sonal history of BC, and others [2]. Viral infection has also been proposed to be associ-

ated with the development of breast cancer [3], [4], [5], [6]. The presence especially of 

the Epstein-Barr-virus (EBV) has been reported by several polymerase chain reaction 

(PCR) studies to be a pathogenic factor in breast cancer (BC). In this context it is im-

portant to note that the in situ hybridization (ISH) is able to differentiate between infec-

tion in other cells and viral infections in tumour cells and is regarded as superior to PCR. 

Still, the specificity and sensitivity of the in situ hybridization (ISH) depend on the target 

used. In particular, findings of polymerase chain reaction (PCR) studies of breast cancer 

and Epstein-Barr virus (EBV) vary too much, making it difficult to determine whether 

Epstein-Barr virus (EBV) is a cause or the cause of human breast cancer. Some of the 

known PCR studies of Epstein-Barr-virus and human breast cancer had positive results of 
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specimens tested [7], [8],[9],[10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20], 

[21], [22], [23], [24], [25], [26], [27], [28] whereas other studies [29], [30], [31], [32], 

[33], [34], [35], [36], [37], [44] did not. Due to the inconsistency of results in these dif-

ferent studies many investigators questioned the role of EBV as a primary etiologic agent 

for breast cancer in principle.  

 

2. Material and methods 

 

2.1. Study design of Bonnet et al. 

Bonnet et al. [10] investigated 1999 the presence of the EBV genome by use of the poly-

merase chain reaction (PCR) in 100 consecutive primary invasive breast carcinomas, as 

well as in 30 samples of healthy breast tissue taken from next to the tumor as confirmed 

by pathologic examination. Bonnet et al. were able to detect the EBV genome by PCR in 

51% of the tumors, whereas, in 90% of the cases studied, the virus was not detected in 

healthy tissues. The data as obtained by Bonnet et al. are presented by the 2 by 2-table 

(Table 1). 

 

Table 1. The relationship between Epstein-Barr virus (EBV) and breast cancer (BC). 

  Human breast cancer  

  yes no  

EBV DNA 
yes 51 3 54 

no 49 27 76 

  100 30 130 

 

 

 

 

2.2. Study design of Joshi et al. 

Joshi et al. [38] investigated in the year 2009 the expression of Epstein-Barr virus Nucle-

ar Antigen-1 (EBNA-1) in breast cancer tissue specimens by employing immunohisto-

chemistry (IHC). Joshi et al. included 58 cases of malignant breast disease and 63 of be-

nign breast disease (controls) in their study between January 2007 and March 2008. In 51 

cases the immunohistochemistry (IHC) for EBV EBNA-1 was performed. In particular, 

28 of the 51 cases (54.9%) were EBV EBNA-1 IHC positive. In contrast to this finding, 

EBV EBNA-1 expression by IHC was negative for all tested 30 controls. The data as ob-

tained by Joshi et al. are presented by the 2 by 2-table (Table 2). 
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Table 2. The relationship between Epstein-Barr virus (EBV) and breast cancer (BC). 

  Human breast cancer  

  yes no  

EBV EBNA-1 

(IHC) 

yes 28 0 28 

no 23 30 53 

  51 30 81 

 

 

2.3. Study design of Lorenzetti et al. 

Lorenzetti et al. [39] conducted in the year 2010 a study on 71 biopsies of breast carci-

noma and in 48 non-neoplastic breast controls. EBV genomic DNA and EBNA1 expres-

sion was positive in 31% (22/71) of patients specifically restricted to tumor epithelial 

cells in breast carcinoma while all breast control samples were negative for both EBNA1 

protein and viral EBV DNA. The data as obtained by Lorenzetti et al. are presented by 

the 2 by 2-table (Table 3). 

 

Table 3. The relationship between Epstein-Barr virus (EBV) and breast cancer (BC). 

  Human breast cancer  

  yes no  

EBV DNA 
yes 22 0 22 

no 49 48 97 

  71 48 119 

 

 

2.4. Study design of Zekri et al. 

Zekri et al. [40] investigated in the year 2012 exactly 40 Egyptian and 50 Iraqi patients 

with primary invasive breast cancer (BC) in addition to 20 normal breast tissues as con-

trols for each group. Zekri et al. were able to detect EBV-DNA in 18/40 (45%) and 14/50 

(28%) of Egyptian and Iraqi women compared to 0/20 (0%) of their control groups. The 

data as obtained by Zekri et al. are presented by the 2 by 2-table (Table 4). 

 

Table 4. The relationship between Epstein-Barr virus (EBV) and breast cancer (BC). 

  Human breast cancer  

  yes no  

ISH EBV 

DNA 

yes 32 0 32 

no 58 40 98 

  90 40 130 
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2.5. Study design of Morales-Sànchez et al. 

Morales-Sànchez et al. [41] screened 86 tissues from Mexican women with breast cancer 

and 65 non-tumor adjacent-tissue cases by a standard polymerase chain reaction (PCR) 

for EBV in the year 2013. Additionally, a more sensitive nested PCR was used to confirm 

results. Only 4 of the 86 tumor samples were EBV positive by the more sensitive nested 

PCR. EBV was not found in the 65 non-tumor adjacent-tissue cases. The data as obtained 

by Morales-Sànchez et al. are presented by the 2 by 2-table (Table 5). 

 

Table 5. The relationship between Epstein-Barr virus (EBV) and breast cancer (BC). 

  Human breast cancer  

  yes no  

EBV DNA 
yes 4 0 4 

no 82 65 147 

  86 65 151 

 

 

2.6. Study design of Yahia et al. 

Yahia et al. [42] investigated in the year 2014 exactly 92 biopsy specimens of breast car-

cinoma and 50 matched normal tissues adjacent to breast tumors from operated individu-

als in Sudan who had not yet received anti-cancer medications. EBV DNA EBNA-4 pri-

mers were detected in 10 (11%) of 92 patients with breast carcinoma while all control 

samples were negative when EBV DNA EBNA-4 primers were used. The data as ob-

tained by Yahia et al. are presented by the 2 by 2-table (Table 6). 

 

Table 6. The relationship between Epstein-Barr virus (EBV) and breast cancer (BC). 

  Human breast cancer  

  yes no  

EBV DNA 
yes 10 0 10 

no 82 50 132 

  92 50 142 

 

 

In the following, Yahia et al. confirmed the presence of the EBV genome in malignant 

breast tissue while using the in situ hybridization technique (ISH). Using the in situ hy-

bridization technique (ISH), Yahia et al. was detected EBV in all 18 biopsies examined 

while the presence of EBV was confined to the malignant cells. In contrast to this finding, 

all five histologically normal tissues examined by the in situ hybridization technique 

(ISH) showed no signal for EBV. The data as obtained by Yahia et al. are presented by 

the 2 by 2-table (Table 7). 

 

 



Ilija Barukčić 
 

5 

Table 7. The relationship between Epstein-Barr virus (EBV) and breast cancer (BC). 

  Human breast cancer  

  yes no  

ISH EBV 

DNA 

yes 18 0 18 

no 0 5 5 

  18 5 23 

 

 

2.7. Study design of Richardson et al.  

Richardson et al. [43] investigated in the year 2015 cytomegalovirus (CMV) and EBV in 

paired samples of invasive human breast cancer tissue and normal breast tissue from 70 

women using quantitative polymerase chain reaction (PCR). Quantitative PCR detected 

EBV in 9 (13%) of the paired normal specimens and 24 (34%) of the invasive human 

breast cancer tissue. Quantitative PCR detected cytomegalovirus (CMV) in 0 (0%) of the 

70 tumour specimens and in 2 (3%) of the paired normal specimens. The data as obtained 

by Richardson et al. are presented by the 2 by 2-table2 (Table 8) and (Table 9). 

 

Table 8. The relationship between Epstein-Barr virus (EBV) and breast cancer (BC). 

  Human breast cancer  

  yes no  

EBV DNA 
yes 24 9 33 

no 46 61 107 

  70 70 140 

 

 

Table 9. The relationship between Cytomegalovirus (CMV) and breast cancer (BC). 

  Human breast cancer  

  yes no  

CMV DNA 
yes 0 2 2 

no 70 68 138 

  70 70 140 
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2.8. Statistical Analysis 

All statistical analyses were performed with Microsoft Excel version 14.0.7166.5000 

(32-Bit) software (Microsoft GmbH, Munich, Germany).  

2.8.1. Conditio per quam 

The formula of the conditio per quam [44] relationship 

 

(1) 

was used to proof the hypothesis: An EBV infection (EBV DNA) is a conditio per quam 

of human breast cancer. 

 

2.8.2. Exclusion relationship 

The formula of the exclusion relationship [44] 

 

(2) 

 

was used to proof the hypothesis: A CMV infection (CMV DNA) excludes human breast 

cancer and vice versa. 

 

2.8.3. The rule of three 

Confidence intervals for proportions or a population mean of random variables which are 

not normally distributed in the population can be constructed while relying on the central 

limit theorem as long as the sample sizes and counts are big enough (i. e. a sample size of 

30 and more). The formula, justified by the central limit theorem, is 

 

 

(3) 

 

 

where pCalc is the sample proportion of successes in a Bernoulli trial process with N trials 

yielding X successes and N-X failures and z is the 1 – (Alpha/2) quantile of a standard 

normal distribution corresponding to the significance level alpha. For example, for a 95% 

confidence level alpha = 0.05 and z is z = 1.96. The Agresti-Coull [45] formula is another 

approximate method for calculating binomial confidence intervals. The Clopper-Pearson 

interval [46] is of use too. A faster way to determine the lower and upper “exact” confi-

dence interval for pCalc can be based on the F distribution [47] too. In this study, we will 

use the rule of three [48] to calculate the confidence interval for pCalc. Briefly sketched, 

the rule of three can be derived [49] from the binomial model. The rule of three defines 

that 3/N is an upper 95% confidence bound for a binomial probability pCalc when in N in-

dependent trials no [50] events occur [51]. Under conditions where a certain event did not 

occur in a sample with N subjects (i. e. pCalc = 0) the interval from 0 to 3/n is called a 

 p EBV DNA Human breast cancer

 2
Crit Calc Alpha/2 Calc Calc

1
p p z p 1 p

N

  
         

  

 p CMV DNA Human breast cancer
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95% classical confidence interval for the binomial parameter for the rate of occurrences 

in the population. According to the rule of the three the same interval is calculated for a 

sample sizes of 30-50 or more as 

 

 

(4) 

 

By symmetry, the one-sided 95 percent confidence interval for only successes (i.e. 

pCalc=1) is 

 

 

(5) 

 

2.8.4. The mathematical formula of the causal relationship k 

The mathematical formula of the causal relationship k [52] and the chi-square distribution 

[53] were applied to determine the significance of causal relationship between a Helico-

bacter pylori infection and human gastric cancer. A one-tailed test makes it much more 

easier to reject a null hypothesis (no causal relationship) while a two-tailed test makes it 

more difficult to reject a null hypothesis and is more conservative on this account. For 

this reason, in causal relationship testing, a two-tailed test is preferred. In general, a p 

value of p < 0.05 is considered as significant.  

2.8.5. The chi square distribution 

 

The chi-squared distribution [53] is a widely known distribution and used in hypothesis 

testing, in inferential statistics or in construction of confidence intervals. The critical val-

ues of the chi square distribution are visualized by Table 10. 

Table 10. The critical values of the chi square distribution (degrees of freedom: 1). 

    

  p-Value One sided X² Two sided X² 

The chi square 

distribution 
 

0,1000000000 

0,0500000000 

0,0400000000 

0,0300000000 

0,0200000000 

0,0100000000 

0,0010000000 

0,0001000000 
0,0000100000 

0,0000010000 

0,0000001000 
0,0000000100 

0,0000000010 

0,0000000001 

1,642374415 

2,705543454 

3,06490172 

3,537384596 

4,217884588 

5,411894431 

9,549535706 

13,83108362 
18,18929348 

22,59504266 

27,03311129 
31,49455797 

35,97368894 

40,46665791 

2,705543454 

3,841458821 

4,217884588 

4,709292247 

5,411894431 

6,634896601 

10,82756617 

15,13670523 
19,51142096 

23,92812698 

28,37398736 
32,84125335 

37,32489311 

41,82145620 

     

 

 

lower

3
p 1

N

 
   

 

lower

3
p

N

 
  
 
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3. Results 

3.1. An infection of human breast by Epstein-Bar virus is a conditio per 
quam of human breast cancer due to Bonnet et al. 

 

Claims. 

Null hypothesis:  

An infection of human breast by Epstein-Bar virus is a conditio per quam of human breast 

cancer.  

(p0  >  pCrit).  

Alternative hypothesis:  

An infection of human breast by Epstein-Bar virus is not a conditio per quam of human 

breast cancer.  

(p0  <  pCrit).  

Significance level (Alpha) below which the null hypothesis will be rejected: 0.05.  

 

Proof.  

The data for this test of an infection by Epstein-Bar virus of human breast and human 

breast cancer are provided by Bonnet et al. [10] and viewed in the 2 × 2 table (Table 1). 

The proportion of successes in the sample of a conditio per quam relationship 

p(Epstein-Bar virus DNA  breast cancer) is calculated [44] as 

 

   

 

The critical value pCrit (significance level alpha = 0.05) is calculated [44] approximately as 

  

 

   

 

 

The critical value is pCrit = 0,976923077 and not greater than the proportion of successes 

of the sample p(Epstein-Bar virus DNA  breast cancer) = 0,976923077. Due to this evi-

dence, we do not reject the null hypothesis in favor of the alternative hypotheses. The data 

as obtained by Bonnet et al. [10] do support the Null hypothesis that an infection of human 

breast by Epstein-Bar virus is a conditio per quam of human breast cancer. In other words, 

if an infection of human breast by Epstein-Bar virus then human breast cancer. 

 

Q. e. d. 

 

 

 

 
 51 49 27 127

p EBV DNA Breast cancer 0,976923077
130 130

 
   

Crit

3
p 1

130
0,976923077  
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3.2. An infection of human breast by Epstein-Bar virus is a conditio per 
quam of human breast cancer due to Joshi et al. 

 

Claims. 

Null hypothesis:  

An infection of human breast by Epstein-Bar virus is a conditio per quam of human breast 

cancer.  

(p0  >  pCrit).  

Alternative hypothesis:  

An infection of human breast by Epstein-Bar virus is not a conditio per quam of human 

breast cancer.  

(p0  <  pCrit).  

Significance level (Alpha) below which the null hypothesis will be rejected: 0.05.  

 

Proof.  

The data for this test of an infection by Epstein-Bar virus of human breast and human 

breast cancer are provided by Joshi et al. [38] and viewed in the 2 × 2 table (Table 2). The 

proportion of successes in the sample of a conditio per quam relationship p(Epstein-Bar 

virus DNA  breast cancer) is calculated [44] as 

 

   

 

 

The critical value pCrit (significance level alpha = 0.05) is calculated [44] approximately as 

  

   

 

The critical value is pCrit = 0,962962963 and not greater than the proportion of successes 

of the sample p(Epstein-Bar virus DNA  breast cancer) = 1. Due to this evidence, we do 

not reject the null hypothesis in favor of the alternative hypotheses. The data as obtained 

by Joshi et al. [38] do support the Null hypothesis that an infection of human breast by 

Epstein-Bar virus is a conditio per quam of human breast cancer. In other words, if an in-

fection of human breast by Epstein-Bar virus then human breast cancer. 

 

Q. e. d. 

 

 

 

 

 

 

 
 28 23 30 81

p EBV EBNA1 Breast cancer 1
81 81

 
   

Crit

3
p 0,9621

81
962963  
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3.3. An infection of human breast by Epstein-Bar virus is a conditio per 
quam of human breast cancer due to Lorenzeti et al. 

 

Claims. 

Null hypothesis:  

An infection of human breast by Epstein-Bar virus is a conditio per quam of human breast 

cancer.  

(p0  >  pCrit).  

Alternative hypothesis:  

An infection of human breast by Epstein-Bar virus is not a conditio per quam of human 

breast cancer.  

(p0  <  pCrit).  

Significance level (Alpha) below which the null hypothesis will be rejected: 0.05.  

 

Proof.  

The data for this test of an infection by Epstein-Bar virus of human breast and human 

breast cancer are provided by Lorenzetti et al. [39] and viewed in the 2 × 2 table (Table 

3). The proportion of successes in the sample of a conditio per quam relationship 

p(Epstein-Bar virus DNA  breast cancer) is calculated [44] as 

 

   

 

 

The critical value pCrit (significance level alpha = 0.05) is calculated [44] approximately as 

  

   

 

The critical value is pCrit = 0,974789916 and not greater than the proportion of successes 

of the sample p(Epstein-Bar virus DNA  breast cancer) = 1. Due to this evidence, we do 

not reject the null hypothesis in favor of the alternative hypotheses. The data as obtained 

by Lorenzetti et al. [39] do support the null hypothesis that an infection of human breast 

by Epstein-Bar virus is a conditio per quam of human breast cancer. In other words, if an 

infection of human breast by Epstein-Bar virus then human breast cancer. 

 

Q. e. d. 

 

 

 

 

 

 

 
 22 49 48 119

p EBV EBNA1 Breast cancer 1
119 119

 
   

Crit

3
p 1 0,974789916

119
  
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3.4. An infection of human breast by Epstein-Bar virus is a conditio per 
quam of human breast cancer due to Zekri et al. 

 

Claims. 

Null hypothesis:  

An infection of human breast by Epstein-Bar virus is a conditio per quam of human breast 

cancer.  

(p0  >  pCrit).  

Alternative hypothesis:  

An infection of human breast by Epstein-Bar virus is not a conditio per quam of human 

breast cancer.  

(p0  <  pCrit).  

Significance level (Alpha) below which the null hypothesis will be rejected: 0.05.  

 

Proof.  

The data for this test of an infection by Epstein-Bar virus of human breast and human 

breast cancer are provided by Zekri et al. [40] and viewed in the 2 × 2 table (Table 4). The 

proportion of successes in the sample of a conditio per quam relationship p(Epstein-Bar 

virus DNA  breast cancer) is calculated [44] as 

 

   

 

 

The critical value pCrit (significance level alpha = 0.05) is calculated [44] approximately as 

  

   

 

The critical value is pCrit = 0,974789916 and not greater than the proportion of successes 

of the sample p(Epstein-Bar virus DNA  breast cancer) = 1. Due to this evidence, we do 

not reject the null hypothesis in favor of the alternative hypotheses. The data as obtained 

by Zekri et al. [40] do support the null hypothesis that an infection of human breast by Ep-

stein-Bar virus is a conditio per quam of human breast cancer. In other words, if an infec-

tion of human breast by Epstein-Bar virus then human breast cancer. 

 

Q. e. d. 

 

 

 

 

 

 

 

 
32 58 40 130

p EBV EBNA1 Breast cancer 1
130 130

 
   

Crit

3
p 1 0,976923077

130
  



Ilija Barukčić 

 

12 

3.5. An infection of human breast by Epstein-Bar virus is a conditio per 
quam of human breast cancer due to Morales-Sànchez et al. 

 

Claims. 

Null hypothesis:  

An infection of human breast by Epstein-Bar virus is a conditio per quam of human breast 

cancer.  

(p0  >  pCrit).  

Alternative hypothesis:  

An infection of human breast by Epstein-Bar virus is not a conditio per quam of human 

breast cancer.  

(p0  <  pCrit).  

Significance level (Alpha) below which the null hypothesis will be rejected: 0.05.  

 

Proof.  

The data for this test of an infection by Epstein-Bar virus of human breast and human 

breast cancer are provided by Morales-Sànchez et al. [41] and viewed in the 2 × 2 table 

(Table 5). The proportion of successes in the sample of a conditio per quam relationship 

p(Epstein-Bar virus DNA  breast cancer) is calculated [44] as 

 

   

 

 

The critical value pCrit (significance level alpha = 0.05) is calculated [44] approximately as 

  

   

 

The critical value is pCrit = 0,974789916 and not greater than the proportion of successes of 

the sample p(Epstein-Bar virus DNA  breast cancer) = 1. Due to this evidence, we do 

not reject the null hypothesis in favor of the alternative hypotheses. The data as obtained 

by Morales-Sànchez et al. [41] are used as an argument against the EBV hypothesis in the 

viral etiology human breast cancer. Contrary to the published opinion, the data of Mo-

rales-Sànchez et al. [41] do support the Null hypothesis that an infection of human breast 

by Epstein-Bar virus is a conditio per quam of human breast cancer. In other words, due to 

Morales-Sànchez et al. [41] if an infection of human breast by Epstein-Bar virus then hu-

man breast cancer. 

 

Q. e. d. 

 

 

 

 
 22 49 48 119

p EBV DNA Breast cancer 1
119 119

 
   

Crit

3
p 1

119
0,98013245  
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3.6. An infection of human breast by Epstein-Bar virus is a conditio per 
quam of human breast cancer due to Yahia et al. 

 

Claims. 

Null hypothesis:  

An infection of human breast by Epstein-Bar virus is a conditio per quam of human breast 

cancer.  

(p0  >  pCrit).  

Alternative hypothesis:  

An infection of human breast by Epstein-Bar virus is not a conditio per quam of human 

breast cancer.  

(p0  <  pCrit).  

Significance level (Alpha) below which the null hypothesis will be rejected: 0.05.  

 

Proof.  

The data for this test of an infection by Epstein-Bar virus of human breast and human 

breast cancer are provided by Yahia et al. [42] and viewed in the 2 × 2 table (Table 6). 

The proportion of successes in the sample of a conditio per quam relationship 

p(Epstein-Bar virus DNA  breast cancer) is calculated [44] as 

 

   

 

 

The critical value pCrit (significance level alpha = 0.05) is calculated [44] approximately as 

  

   

 

 

The critical value is pCrit =+0,978873239 and not greater than the proportion of successes 

of the sample p(Epstein-Bar virus DNA  breast cancer) = 1. Due to this evidence, we do 

not reject the null hypothesis in favor of the alternative hypotheses. The data as obtained 

by Yahia et al. [42] do support the null hypothesis that an infection of human breast by 

Epstein-Bar virus is a conditio per quam of human breast cancer. In other words, due to 

Yahia et al. [42] if an infection of human breast by Epstein-Bar virus then human breast 

cancer. 

 

Q. e. d. 

 

 

 

 

 
 10 82 50 142

p EBV DNA Breast cancer 1
142 142

 
   

Crit

3
p 1

142
0,978873239   
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3.8. An infection of human breast by Epstein-Bar virus is not a conditio 
per quam of human breast cancer due to Richardson et al.   

 

Claims. 

Null hypothesis:  

An infection of human breast by Epstein-Bar virus is a conditio per quam of human breast 

cancer.  

(p0  >  pCrit).  

Alternative hypothesis:  

An infection of human breast by Epstein-Bar virus is not a conditio per quam of human 

breast cancer.  

(p0  <  pCrit).  

Significance level (Alpha) below which the null hypothesis will be rejected: 0.05.  

 

Proof.  

The data for this test of an infection by Epstein-Bar virus of human breast and human 

breast cancer are provided by Richardson et al. [43] and viewed in the 2 × 2 table (Table 

8). The proportion of successes in the sample of a conditio per quam relationship 

p(Epstein-Bar virus DNA  breast cancer) is calculated [44] as 

 

   

 

 

The critical value pCrit (significance level alpha = 0.05) is calculated [44] approximately as 

  

   

 

The critical value is pCrit = 0,978571429 and is greater than the proportion of successes of 

the sample p(Epstein-Bar virus DNA  breast cancer) = 0,935714286. Due to the data as 

provided by Richardson et al. [43], we do reject the null hypothesis in favor of the alterna-

tive hypothesis. The data as obtained by Richardson et al. [43] do not support the Null 

hypothesis that an infection of human breast by Epstein-Bar virus is a conditio per quam of 

human breast cancer. 

 

Q. e. d. 

 

 

 

 

 

 

 
 24 4

0,93571
6 61 131

p EBV DNA Breast cancer
140 0

4 6
14

28
 

   

Crit

3
p 1

140
0,978571429  
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3.9. An infection with cytomegalovirus (CMV) excludes human breast 
cancer and vice versa due to Richardson et al.   

 

Claims. 

Null hypothesis:  

An infection with cytomegalovirus (CMV) excludes human breast cancer.  

(p0  >  pCrit).  

Alternative hypothesis:  

An infection with cytomegalovirus (CMV) does not exclude human breast cancer.  

(p0  <  pCrit).  

Significance level (Alpha) below which the null hypothesis will be rejected: 0.05.  

 

Proof.  

The data for this test of an exclusion of an infection with cytomegalovirus (CMV) and 

human breast cancer are provided by Richardson et al. [43] and viewed in the 2 × 2 table 

(Table 9). The proportion of successes in the sample of an exclusion relationship 

p(Cytomegalovirus DNA  breast cancer) is calculated [44] as 

 

 

   

 

 

The critical value pCrit (significance level alpha = 0.05) is calculated [44] approximately as 

  

   

 

The critical value is pCrit = 0,978571429 and is not greater than the proportion of successes 

of the sample p(Cytomegalovirus DNA  breast cancer) = 1. Due to the data as provided 

by Richardson et al. [43], we do not reject the null hypothesis in favor of the alternative 

hypothesis. The data as obtained by Richardson et al. [43] do support the null hypothesis 

that an infection of tissues investigated with cytomegalovirus excludes human breast can-

cer and vice versa. In the Cytomegalovirus, the cure of human breast cancer can be found. 

 

Q. e. d. 

 

 

 

 

 

 

 

 

 
 2 70 68 140

p  DNA Breast Cytomegalov cancer
1

irus 1
40 140

 
   

Crit

3
p 1

140
0,978571429  
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3.10. Epstein-Bar virus is a cause of breast cancer due to Bonnet et al.  

Claims. 

Null hypothesis: (no causal relationship) 

There is no causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. 

(k = 0).  

Alternative hypothesis: (causal relationship) 

There is a causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. 

(k<>0).  

Conditions.  

Alpha level = 5%.    

The two tailed critical Chi square value (degrees of freedom = 1) for alpha level 5% is 

3.841458821.   

Proof.  

The data for this hypothesis test are provided by Bonnet et al. and illustrated in the 2 × 2 

table (Table 1). The causal relationship k(EBV DNA , Breast cancer) is calculated [44], 

[52] as 

 

 

   

The value of the test statistic kCalc=+0,350542604 is equivalent to a calculated [44], [52]  

chi-square value of  

 

 

   

 

 

 

 

 

   

The chi-square statistic, uncorrected for continuity, is X²Calculated = 15,9744152 and as such 

equivalent to a two sided p-value of p-value = 0,000064204332405. The test statistic 

Chi-squareCalculated exceeds the critical Chi-square value of 3.841458821 (Table 10). Con-

sequently, we reject the null hypothesis and accept the alternative hypotheses. There is sta-

tistically significant causal relationship between an infection of human breast by Ep-

stein-Bar virus and human breast carcinoma (k = +0,350542604, p-value (two sided) = 

0,000064204332405). The result is significant at p < 0.05.   

Q. e. d. 

 

 

 
    

   
Calc

2

130 51 54 100
k EBV DNA,  Breast cancer

1
0,3505426

00 30
04

54 76

  
 

  

    

   

    

   

2

Calculated Calculated Calculated

2

Calculated
2 2

2

Calculated

2

Calculated

N k k

130 51 54 100 130 51 54 100
130

100 30 54

0,

76 100 30

3505426

54

04 0,350542604

15,97441

76

130

52

   

     
   

     

   

 
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3.11. Epstein-Bar virus is a cause of breast cancer due to Joshi et al.  

Claims. 

Null hypothesis: (no causal relationship) 

There is no causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. 

(k = 0).  

Alternative hypothesis: (causal relationship) 

There is a causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. 

(k<>0).  

Conditions.  

Alpha level = 5%.    

The two tailed critical Chi square value (degrees of freedom = 1) for alpha level 5% is 

3.841458821.   

Proof.  

The data for this hypothesis test are provided by Joshi et al. [38] and illustrated in the 2 × 2 

table (Table 2). The causal relationship k(EBV DNA , Breast cancer) is calculated [44], 

[52] as 

 

 

   

The value of the test statistic kCalc=+0,557463735 is equivalent to a calculated [44], [52]  

chi-square value of  

 

 

   

 

 

 

 

 

 

 

The chi-square statistic, uncorrected for continuity, is X²Calculated = 25,17203108 and as 

such equivalent to a two sided p-value of p-value = 0,000000524371787. The test statistic 

Chi-squareCalculated exceeds the critical Chi-square value of 3.841458821 (Table 10). Con-

sequently, we reject the null hypothesis and accept the alternative hypotheses. There is sta-

tistically significant causal relationship between an infection of human breast by Ep-

stein-Bar virus and human breast carcinoma (k = +0,557463735, p-value (two sided) = 

0,000000524371787). The result is significant at p < 0.05.   

Q. e. d. 

 

 
    

   
Calc

2

81 28 28 51
k EBV DNA,  Breast cancer

51 30 28 53
0,557463735

  
  

  

    

   

    

   

2

Calculated Calculated Calculated

2

Calculated
2 2

2

Calculated

2

Calculated

N k k

81 28 28 51 81 28

0,557463735

28 51
81

51 30 28 53 51 30 28 53

81 0,557463735

25,17203108



   

     
   

     

  

 
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3.12. Epstein-Bar virus is a cause of breast cancer due to Lorenzetti 
et al.  

Claims. 

Null hypothesis: (no causal relationship) 

There is no causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k = 0).  

Alternative hypothesis: (causal relationship) 

There is a causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k<>0).  

Conditions.  

Alpha level = 5%.    

The two tailed critical Chi square value (degrees of freedom = 1) for alpha level 5% is 

3.841458821.   

Proof.  

The data for this hypothesis test are provided by Lorenzetti et al. [39] and illustrated in the 

2 × 2 table (Table 3). The causal relationship k(EBV DNA , Breast cancer) is calculated 

[44], [52] as 

 

 

   

 

The value of the test statistic kCalc=+0,391576768 is equivalent to a calculated [44], [52] 

chi-square value of  

 

 

   

 

 

 

 

 

 

The chi-square statistic, uncorrected for continuity, is X²Calculated = 18,24655147 and as 

such equivalent to a two sided p-value of p-value = 0,000019407700006. The test statistic 

Chi-squareCalculated exceeds the critical Chi-square value of 3.841458821 (Table 10). Con-

sequently, we reject the null hypothesis and accept the alternative hypotheses. There is sta-

tistically significant causal relationship between an infection of human breast by Ep-

stein-Bar virus and human breast carcinoma (k = +0,391576768, p-value (two sided) = 

0,000019407700006). The result is significant at p < 0.05.   

Q. e. d. 

 

 

 
    

   
Calc

2

119 22 22 71
k EBV DNA,  Breast cancer 0,391576768

71 48 22 97

  
  

  

    

   

    

   

2

Calculated Calculated Calculated

2

Calculated
2 2

2

Calculated

2

Calculated

N k k

119 22 22 71 119 2

0,3915767

2 22 7

68

1
119

71 48 22 97 71 4

0,391576768

18,24655147

8 22 97

119

   

     
   

     

   

 
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3.13. Epstein-Bar virus is a cause of breast cancer due to Zekri et al. 

Claims. 

Null hypothesis: (no causal relationship) 

There is no causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k = 0).  

Alternative hypothesis: (causal relationship) 

There is a causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k<>0).  

Conditions.  

Alpha level = 5%.    

The two tailed critical Chi square value (degrees of freedom = 1) for alpha level 5% is 

3.841458821.   

Proof.  

The data for this hypothesis test are provided by Zekri et al. [40] and illustrated in the 2 × 

2 table (Table 4). The causal relationship k(EBV DNA , Breast cancer) is calculated [44], 

[52] as 

 

 

   

The value of the test statistic kCalc=+0,380952381 is equivalent to a calculated [44], [52]  

chi-square value of  

 

 

   

 

 

 

 

 

 

 

The chi-square statistic, uncorrected for continuity, is X²Calculated = 18,86621315 and as 

such equivalent to a two sided p-value of p-value = 0,000014021423911. The test statistic 

Chi-squareCalculated exceeds the critical Chi-square value of 3.841458821 (Table 10). Con-

sequently, we reject the null hypothesis and accept the alternative hypotheses. There is sta-

tistically significant causal relationship between an infection of human breast by Ep-

stein-Bar virus and human breast carcinoma (k =+0,380952381, p-value (two sided) = 

0,000014021423911). The result is significant at p < 0.05.   

Q. e. d. 

 

 

 

 
    

   
Calc

2

130 32 32 90
k EBV DNA,  Breast cancer +0,380952381

90 40 32 98

  
 

  

    

   

    

   

2

Calculated Calculated Calculated

2

Calculated
2 2

2

Calculated

2

Calculated

N k k

130 32 32 90 130 32 32 90
130

90 40 32 98 90 40 32 98

130 0,380952381 0,380952381

18,86621315

   

     
   

     

   

 



Ilija Barukčić 

 

20 

3.14. Epstein-Bar virus is a cause of breast cancer due to Mo-

rales-Sànchez et al.  

Claims. 

Null hypothesis: (no causal relationship) 

There is no causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k = 0).  

Alternative hypothesis: (causal relationship) 

There is a causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k<>0).  

Conditions.  

Alpha level = 5%.    

The one tailed critical Chi square value (degrees of freedom = 1) for alpha level 5% is 

2,705543454.   

Proof.  

The data for this hypothesis test are provided by Morales-Sànchez et al. [44] and illustrat-

ed in the 2 × 2 table (Table 5). The causal relationship k(EBV DNA , Breast cancer) is 

calculated [44], [52] as 

 

 

   

The value of the test statistic kCalc=+0,143409784 is equivalent to a calculated [44], [52]  

chi-square value of  

 

 

   

 

 

 

 

 

 

The chi-square statistic, uncorrected for continuity, is X²Calculated = 3,105521278 and as 

such equivalent to a one sided p-value of p-value (one sided) = 0,039013624479347. The 

test statistic Chi-squareCalculated exceeds the critical Chi-square value of 2,705543454 (Ta-

ble 10). Consequently, we reject the null hypothesis and accept the alternative hypotheses. 

There is statistically significant causal relationship between an infection of human breast 

by Epstein-Bar virus and human breast carcinoma (k = +0,143409784, p-value (one sided) 

= 0,039013624479347). The result is significant at p < 0.05.   

Q. e. d. 

 

 

 
    

   
Calc

2

0,143409784
151 4 4 86

k EBV DNA,  Breast cancer
86 65 4 147

  
  

  

    

   

    

   

2

Calculated Calculated Calculated

2

Calculated
2 2

2

Calculated

2

Calculated

N k k

151 4 4 86 151 4

0,143409784

4 86
151

86 65 4 147 8

0,143409784

3,1055212

6 65 4 147

151

78
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   
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3.15. Epstein-Bar virus is a cause of breast cancer due to Yahia et al. 

et al.  

Claims. 

Null hypothesis: (no causal relationship) 

There is no causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k = 0).  

Alternative hypothesis: (causal relationship) 

There is a causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k<>0).  

Conditions.  

Alpha level = 5%.    

The two tailed critical Chi square value (degrees of freedom = 1) for alpha level 5% is 

3.841458821.   

Proof.  

The data for this hypothesis test are provided by Yahia et al. [42] and illustrated in the 2 × 

2 table (Table 6). The causal relationship k(EBV DNA , Breast cancer) is calculated [44], 

[52] as 

 

 

   

The value of the test statistic kCalc=+0,202910314 is equivalent to a calculated [44], [52]  

chi-square value of  

 

 

   

 

 

 

 

 

 

 

The chi-square statistic, uncorrected for continuity, is X²Calculated = 5,846508564 and as 

such equivalent to a two sided p-value of p-value = 0,015607987546856. The test statistic 

Chi-squareCalculated exceeds the critical Chi-square value of 3.841458821 (Table 10). Con-

sequently, we reject the null hypothesis and accept the alternative hypotheses. There is sta-

tistically significant causal relationship between an infection of human breast by Ep-

stein-Bar virus and human breast carcinoma (k = +0,202910314, p-value (two sided) = 

0,015607987546856). The result is significant at p < 0.05.   

Q. e. d. 

 

 

 
    

   
Calc

2

142 10 10 92
k EBV DNA,  Breast cancer 0,202910314  

92 50 10 132

  
  

  

    

   

    

   

2

Calculated Calculated Calculated

2

Calculated
2 2

2

Calculated

2

Calculated

N k k

142 10 10 92 142 10 10 92
142

92 50 10 132 92 50 10 132

142 0,202910314 0,202910314 

5,846508564 
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3.16. Epstein-Bar virus is a cause of breast cancer due to Yahia et al. 

et al. II 

Claims. 

Null hypothesis: (no causal relationship) 

There is no causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k = 0).  

Alternative hypothesis: (causal relationship) 

There is a causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k<>0).  

Conditions.  

Alpha level = 5%.    

The two tailed critical Chi square value (degrees of freedom = 1) for alpha level 5% is 

3.841458821.   

Proof.  

Yahia et al. [42] used the in situ hybridization technique (ISH) to confirm the presence of 

the EBV genome in malignant breast tissues. The data for this hypothesis test are provided 

by Yahia et al. [42] and illustrated in the 2 × 2 table (Table 7). The causal relationship 

k(EBV DNA , Breast cancer) is calculated [44], [52] as 

 

 

   

The value of the test statistic kCalc=+1 is equivalent to a calculated [44], [52] chi-square 

value of  

 

 

   

 

 

 

 

 

 

 

The chi-square statistic, uncorrected for continuity, is X²Calculated = 23 and as such equiva-

lent to a two sided p-value of p-value = 0,000001620013982. The test statistic 

Chi-squareCalculated exceeds the critical Chi-square value of 3.841458821 (Table 10). Con-

sequently, we reject the null hypothesis and accept the alternative hypotheses. There is sta-

tistically significant causal relationship between an infection of human breast by Ep-

stein-Bar virus and human breast carcinoma (k =+1, p-value (two sided) = 

0,000001620013982). The result is significant at p < 0.05.   

Q. e. d. 

 

 
    

   
Calc

2

23 18 18 18
k ISH EBV ,  Breast cancer 1 
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  
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    

   

2

Calculated Calculated Calculated

2

Calculated
2 2

2

Calculated

2

Calculated

N k k

23 18 18 18 23 18 18 18
23

18 5 18 5 18 5 18 5

23 1 1 

23
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3.17. Epstein-Bar virus is a cause of breast cancer due to Richardson 
et al.  

Claims. 

Null hypothesis: (no causal relationship) 

There is no causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k = 0).  

Alternative hypothesis: (causal relationship) 

There is a causal relationship between an infection of human breast by Epstein-Bar virus 

and human breast carcinoma. (k<>0).  

Conditions.  

Alpha level = 5%.    

The two tailed critical Chi square value (degrees of freedom = 1) for alpha level 5% is 

3.841458821.   

Proof.  

The data for this hypothesis test are provided by Richardson et al. [43] and illustrated in 

the 2 × 2 table (Table 8). The causal relationship k(EBV DNA , Breast cancer) is calcu-

lated [44], [52] as 

 

 

   

The value of the test statistic kCalc=+ 0,252430833 is equivalent to a calculated [44], [52]  

chi-square value of  

 

 

   

 

 

 

 

 

 

The chi-square statistic, uncorrected for continuity, is X²Calculated = 8,920985556 and as 

such equivalent to a two sided p-value of p-value = 0,002819123393212. The test statistic 

Chi-squareCalculated exceeds the critical Chi-square value of 3.841458821 (Table 10). Con-

sequently, we reject the null hypothesis and accept the alternative hypotheses. There is sta-

tistically significant causal relationship between an infection of human breast by Ep-

stein-Bar virus and human breast carcinoma (k = +0,252430833, p-value (two sided) = 

0,002819123393212). The result is significant at p < 0.05.   

 

Q. e. d. 
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k EBV DNA,  Breast cancer 0,252430833
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2

Calculated Calculated Calculated

2

Calculated
2 2

2

Calculated

2
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N k k

140 24 33 70 140 24 33 70
140

70 70 33 107 70 70 33 107

140 0,252430833 0,252430833

 8,920985556
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4. Discussion 

An infection with EBV virus is a very frequent event worldwide. In fact, only on very 

view individuals, EBV virus is able to exert an oncogenic effect while the most individuals 

are spared. The exact mechanism by which EBV transforms a cell into a cancer cell re-

mains poorly understood. In fact, it is known that the molecular evidence for EBV as a 

cause or the cause of human breast cancer is still not generally [54] accepted. Some of the 

PCR analyses can lead to false positive or false-positive results. Epstein-Barr virus (EBV) 

is a virus which infects more than 90% of the population worldwide [55] and EBV persists 

for life in memory B cells [56], [57], [58] in the peripheral blood in its human host after 

the primary infection. Memory B cells can be found in breast cancer tissues 

too.Theoretically, it is possible that memory B cells with EBV DNA can be found in breast 

cancer tissues too with the consequence that false-positive results can be caused by the 

presence of EBV DNA containing memory B cells and other EBV-positive lymphocytes. 

A theoretical contamination of breast cancer tissues with EBV DNA containing i. e. 

memory B cells cannot be excluded. In particular, EBV DNA can be derived from sur-

rounding stroma, infiltrating lymphocytes or tumor cells. Still, even if accept to some ex-

tent a possible contamination of breast cancer tissues with not tumor EBV DNA (i. e. con-

taining memory B cells) why should there be more EBV DNA in breast cancer tissues than 

in healthy tissues. A significant difference does not make any sense, in this context, a 

causal relationship cannot be accepted. In fact, several published results of PCR analyses 

of the relationship between and EBV and breast cancer have been inconsistent. PCR is a 

potentially sensitive technique as such. The discrepancies in EBV DNA detection effi-

ciency may be due to technical PCR problems. The PCR technique cannot differentiate the 

source of EBV genome and is of limited value for studying tumors with memory cells or 

with B-lymphocyte infiltrates. To address such concerns the in situ hybridization tech-

nique (ISH) was used to investigate cellular localization of the virus itself. Using the in 

situ hybridization technique (ISH), several authors detected the EBV genome in breast 

cancer but could not detect the EBV virus genome in healthy breast tissue. The confine-

ment of viral EBV DNA to tumor cells is demonstrated by several in situ hybridization 

studies and supports the hypothesis that EBV contributes to breast cancer aetiology.  

In this study, we performed a re-analysis of several EBV DNA PCR studies, some of them 

ISH-based too. All studies investigated are supporting the hypothesis that an infection of 

human breast by Epstein-Bar virus is a conditio per quam of human breast cancer only the 

study of Richardson et al. [43] is not supporting this hypothesis. Contrary to expectation, 

the study of Richardson et al. [43] agrees with the other studies on the fact that EBV is 

cause of human breast cancer (k = +0,252430833, p-value (two sided) = 

0,002819123393212). Thus far, there are some principle problems with the study of Rich-

ardson et al. [43]. How could Richardson et al. [43] detect in 9 of 70 control cases the 

EBV DNA? Technical errors, an insufficient kit or a contamination are some possible ex-

planations. The majority of studies reanalyzed in this publication do support the alternative 

hyptothesis that EBV virus is a cause of human breast cancer. The table (Table 11) sum-

mizes these findings. 
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Table 11. The causal relationship between Epstein-Barr virus (EBV) and breast cancer (BC). 

Study Year Sample N k p-value  

Bonnet et. al. 1999 130 +0,350542604 0,000064204332405 two sided 

Joshi et al. 2009 81 +0,557463735 0,000000524371787 two sided 

Lorenzetti et al. 2010 119 +0,391576768 0,000019407700006 two sided 

Zekri et al. 2012 130 +0,380952381 0,000014021423911 two sided 

Morales-Sànchez et al.   2013 151 +0,143409784 0,039013624479347 one sided 

Yahia et al. 2014 142 +0,202910314 0,015607987546856 two sided 

Yahia et al. 2014 23 +1,000000000 0,000001620013982 two sided 

Richardson et al.   2015 140 +0,252430833 0,002819123393212 two sided 

 

The best proof that Epstein-Barr virus (EBV) is a cause of human breast cancer (BC) 

were provided by Joshi et al. [38] and Yahia et al. [42] even if the sub-group studied by 

Yahia et al. [42] was small (N=23). Considering the analysis of its own data, Mo-

rales-Sànchez et al. [41] came to the conclusion that the data of their study do not support 

the involvement of EBV in the etiology of breast cancer. In fact, even the very critical 

study of Morales-Sànchez et al. [41] provides data of a significant causal relationship be-

tween Epstein-Barr virus (EBV) and breast cancer (BC) but only on one side 

(k=+0,143409784, p-value (one sided) = 0,039013624479347). All these results support 

the alternative hypothesis that EBV virus is a cause of human breast cancer. 

 

5. Conclusion 

The results of this study are in agreement with studies that detected the EBV virus in 

breast cancer. In conclusion, this study presents an unequivocal evidence that EBV is a 

cause of breast cancer. Especially the localisation of EBV in malignant cells and a signifi-

cant causal relationship due to Yahia et al. [42] makes EBV a likely a cause of human 

breast cancer. A causal relationship between EBV and breast cancer is established and 

therapeutic implications might follow (i. e. EBV vaccination). 

Acknowledgements 

None. 

 

References 

 
[1] Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. (2011) Global cancer statistics. 

CA: a cancer journal for clinicians, 61, 69 - 90. PubMed PMID: PMID: 21296855. Epub 

2011/02/08.eng.v  

[2] Dumitrescu, R. G. & Cotarla, I. (2005) Understanding breast cancer risk - where do we stand 

in 2005? Journal of cellular and molecular medicine, 9, 208-221. 

[3] Sasco, A. J., Lowenfels, A. B. & Pasker-de Jong, P. (1993) Review article: epidemiology of 



Ilija Barukčić 

 

26 

male breast cancer. A meta-analysis of published case-control studies and discussion of se-

lected aetiological factors. International journal of cancer. Journal international du cancer, 

53, 538-549.  

[4] Wang, Y. et al. (1995) Detection of mammary tumor virus env gene-like sequences in human 

breast cancer. Cancer research, 55, 5173-5179.  

[5] Zapata-Benavides, P. et al. (2007) Mouse mammary tumor virus-like gene sequences in 

breast cancer samples of Mexican women. Intervirology, 50, 402-407. 

doi:10.1159/000110652  

[6] Park, D. J., Southey, M. C., Giles, G. G. & Hopper, J. L. (2011) No evidence of MMTV-like 

env sequences in specimens from the Australian Breast Cancer Family Study. Breast cancer 

research and treatment, 125, 229-235, doi:10.1007/s10549-010-0946-4 

[7] Horiuchi K, Mishima K, Ohsawa M, Aozasa K. (1994) Carcinoma of stomach and breast with 

lymphoid stroma: localisation of Epstein-Barr virus. Journal of clinical pathology, 47, 538 - 

540. PubMed PMID: PMID: 8063937. Pubmed Central PMCID: 494746.  

[8] Labrecque LG, Barnes DM, Fentiman IS, Griffin BE. (1995) Epstein-Barr virus in epithelial 

cell tumors: a breast cancer study. Cancer research, 55, 39 - 45. PubMed PMID: PMID: 

7805038.  

[9] Luqmani Y, Shousha S. (1995) Presence of epstein-barr-virus in breast-carcinoma. Interna-

tional journal of oncology, 6, 899 - 903. PubMed PMID: PMID: 21556618. 

[10] Bonnet M, Guinebretiere JM, Kremmer E. (1999) Detection of Epstein-Barr virus in invasive 

breast cancers.Journal of the National Cancer Institute,  91, 1376 - 1381. PMID: 10451442 

[11] Fina F, Romain S, Ouafik L, Palmari J, Ben Ayed F, Benharkat S, et al. (2001) Frequency 

and genome load of Epstein-Barr virus in 509 breast cancers from different geographical are-

as. Br J Cancer, 84, 783 - 790. PubMed PMID: PMID: 11259092. Pubmed Central PMCID: 

2363823. 

[12] Chu PG, Chang KL, Chen YY, Chen WG, Weiss LM. (2001) No significant association of 

Epstein-Barr virus infection with invasive breast carcinoma. The American journal of pa-

thology, 159,571 - 578. PubMed PMID: PMID: 11485915. Pubmed Central PMCID: 

1850531. 

[13] McCall SA, Lichy JH, Bijwaard KE, Aguilera NS, Chu WS, Taubenberger JK. (2001) Ep-

stein-Barr virus detection in ductal carcinoma of the breast. J Natl Cancer Inst, 93, 148 - 150. 

PubMed PMID: PMID:11208885. 

[14] Grinstein S, Preciado MV, Gattuso P, Chabay PA, Warren WH, De Matteo E, et al. (2002) 

Demonstration of Epstein-Barr virus in carcinomas of various sites. Cancer research, 62, 4876 

- 4878. PubMed PMID: PMID: 12208733. 

[15] Kleer CG, Tseng MD, Gutsch DE, Rochford RA, Wu Z, Joynt LK, et al. (2002) Detection of 

Epstein-Barr virus in rapidly growing fibroadenomas of the breast in immunosuppressed 

hosts. Modern pathology: an official journal of the United States and Canadian Academy of 

Pathology, Inc., 15,759 - 764. PubMed PMID: PMID: 12118114. 

[16] Xue SA, Lampert IA, Haldane JS, Bridger JE, Griffin BE. (2003) Epstein-Barr virus gene 

expression in human breast cancer: protagonist or passenger? Br J Cancer,  89, 113 - 119. 

PubMed PMID: PMID: 12838311. Pubmed Central PMCID: 2394222. Epub 2003/07/03. 

eng. 

[17] Huang J, Chen H, Hutt-Fletcher L, Ambinder RF, Hayward SD. (2003) Lytic viral replication 

as a contributor to the detection of Epstein-Barr virus in breast cancer. Journal of virology, 

77, 13267 - 13274. PubMed PMID: PMID: 14645583. Pubmed Central PMCID: 296054. 

[18] Tsai JH, Tsai CH, Cheng MH, Lin SJ, Xu FL, Yang CC. (2005) Association of viral factors 

with non-familial breast cancer in Taiwan by comparison with non-cancerous, fibroadenoma, 

and thyroid tumor tissues. Journal of medical virology.  75,276 - 281. PubMed PMID: 

PMID: 15602723. Epub 2004/12/17.eng. 

[19] Kalkan A, Ozdarendeli A, Bulut Y, Yekeler H, Cobanoglu B, Doymaz MZ. (2005) Investiga-

tion of Epstein-Barr virus DNA in formalin-fixed and paraffin- embedded breast cancer tis-

sues. Medical principles and practice: international journal of the Kuwait University, Health 

Science Centre, 14, 268 - 271. PubMed PMID: PMID: 15961939. 

[20] Preciado MV, Chabay PA, De Matteo EN, Gonzalez P, Grinstein S, Actis A, et al. (2005) Ep-



Ilija Barukčić 
 

27 

stein-Barr virus in breast carcinoma in Argentina. Archives of pathology & laboratory medi-

cine, 129, 377 - 381. PubMed PMID: PMID: 15737034. 

[21] Thorne LB, Ryan JL, Elmore SH, Glaser SL, Gulley ML. (2005) Real-time PCR measures 

Epstein-Barr Virus DNA in archival breast adenocarcinomas. Diagnostic molecular patholo-

gy: the American journal of surgical pathology, part B, 14, 29 - 33. PubMed PMID: PMID: 

15714061. 

[22] Perkins RS, Sahm K, Marando C, Dickson-Witmer D, Pahnke GR, Mitchell M, et al. (2006) 

Analysis of Epstein-Barr virus reservoirs in paired blood and breast cancer primary biopsy 

specimens by real time PCR. Breast cancer research: BCR, 8, R70. PubMed PMID: PMID: 

17163997. Pubmed Central PMCID: 1797024. Epub 2006/12/14. eng. 

[23] Arbach H, Viglasky V, Lefeu F, Guinebretiere JM, Ramirez V, Bride N, et al. (2006) Ep-

stein-Barr virus (EBV) genome and expression in breast cancer tissue: effect of EBV infec-

tion of breast cancer cells on resistance to paclitaxel (Taxol). Journal of virology, 80, 845 - 

853. PubMed PMID: PMID: 16378986. Pubmed Central PMCID: 1346837. 

[24] Fawzy S, Sallam M, Awad NM. (2008) Detection of Epstein-Barr virus in breast carcinoma 

in Egyptian women. Clinical biochemistry, 41, 486 - 492. PubMed PMID: PMID: 18258188. 

[25] Mazouni C, Fina F, Romain S, Ouafik L, Bonnier P, Brandone JM, et al. (2011) Epstein-Barr 

virus as a marker of biological aggressiveness in breast cancer. Br J Cancer.  104, 332 - 337. 

PubMed PMID: PMID: 21179039. Pubmed Central PMCID: 3031896. Epub 2010/12/24. 

eng. http://dx.doi.org/10.1038/sj.bjc.6606048 

[26] Hachana M, Amara K, Ziadi S, Romdhane E, Gacem RB, Trimeche M. (2011) Investigation 

of Epstein-Barr virus in breast carcinomas in Tunisia. Pathology, research and practice,  207, 

695 - 700. PubMed PMID: PMID: 22024152. http://dx.doi.org/10.1016/j.prp.2011.09.007 

[27] Zekri AR, Bahnassy AA, Mohamed WS, El-Kassem FA, El-Khalidi SJ, Hafez MM, et al. 

(2012) Epstein-Barr virus and breast cancer: epidemiological and molecular study on Egyp-

tian and Iraqi women. Journal of the Egyptian National Cancer Institute, 24, 123 - 131. Pub-

Med PMID: PMID: 22929918. doi:10.1016/j.jnci.2012.06.001 

[28] Glenn WK, Heng B, Delprado W, Iacopetta B, Whitaker NJ, Lawson JS. (2012) Epstein-Barr 

virus, human papillomavirus and mouse mammary tumour virus as multiple viruses in breast 

cancer. PloS one, 7, PubMed PMID: PMID: 23183846. Pubmed Central PMCID: 3501510. 

http://dx.doi.org/10.1371/journal.pone.0048788 

[29] Gaffey MJ, Frierson HF Jr, Medeiros LJ, Weiss LM. (1993) The relationship of Epstein-Barr 

virus to infectionrelated (sporadic) and familial hemophagocytic syndrome and secondary 

(lymphoma-related) hemophagocytosis: an in situ hybridization study. Human pathology, 24, 

657 667. PubMed PMID:PMID: 8389318. 

[30] Lespagnard L, Cochaux P, Larsimont D, Degeyter M, Velu T, Heimann R. (1995) Absence of 

Epstein-Barr virus in medullary carcinoma of the breast as demonstrated by immunopheno-

typing, in situ hybridization and polymerase chain reaction. American journal of clinical pa-

thology, 103, 449 - 452. PubMed PMID: PMID: 7726142. 

[31] Brink AA, van Den Brule AJ, van Diest P, Meijer CJ. (2000) Re: detection of Epstein-Barr 

virus in invasive breast cancers. J Natl Cancer Inst.. 92, 655 - 656; author reply 6. PubMed 

PMID: PMID: 10772685. 

[32] Herrmann K, Niedobitek G. (2003) Lack of evidence for an association of Epstein-Barr virus 

infection with breast carcinoma. Breast cancer research: BCR., 5,13 -17. PubMed PMID: 

PMID: 12559053. Pubmed Central PMCID: 154138. 

[33] Murray PG, Lissauer D, Junying J, Davies G, Moore S, Bell A, et al. (2003) Reactivity with 

A monoclonal antibody to Epstein-Barr virus (EBV) nuclear antigen 1 defines a subset of ag-

gressive breast cancers in the absence of the EBV genome. Cancer research, 63, 2338 - 2343. 

PubMed PMID: PMID: 12727860. 

[34] Perrigoue JG, den Boon JA, Friedl A, Newton MA, Ahlquist P, Sugden B. (2005) Lack of 

association between EBV and breast carcinoma. Cancer epidemiology, biomarkers & preven-

tion: a publication of the American Association for Cancer Research, cosponsored by the 

American Society of Preventive Oncology, 14, 809 - 814. PubMed PMID: PMID: 15824148. 

Epub 2005/04/13. eng. 

[35] Kadivar M, Monabati A, Joulaee A, Hosseini N. (2011) Epstein-Barr virus and breast cancer: 

lack of evidence for an association in Iranian women. Pathology oncology research: POR. 17, 

http://dx.doi.org/10.1038/sj.bjc.6606048
http://dx.doi.org/10.1016/j.prp.2011.09.007
http://dx.doi.org/10.1371/journal.pone.0048788


Ilija Barukčić 

 

28 

489 - 492. PubMedPMID: PMID: 21207256. http://dx.doi.org/10.1007/s12253-010-9325-z 

[36] Antonsson A, Bialasiewicz S, Rockett RJ, Jacob K, Bennett IC, Sloots TP. (2012) Exploring 

the prevalence of ten polyomaviruses and two herpes viruses in breast cancer. PloS one., 7(8). 

[37] Baltzell K, Buehring GC, Krishnamurthy S, Kuerer H, Shen HM, Sison JD. (2012) Ep-

stein-Barr virus is seldom found in mammary epithelium of breast cancer tissue using in situ 

molecular methods. Breast cancer research and treatment, 132, 267 - 274. PubMed PMID: 

PMID: 22042367. http://dx.doi.org/10.1007/s10549-011-1841-3 

[38] Joshi D, Quadri M, Gangane N, Joshi R, Gangane N (2009) Association of Epstein Barr Virus 

Infection (EBV) with Breast Cancer in Rural Indian Women. PLoS ONE, 4, e8180. 

doi:10.1371/journal.pone.0008180  

[39] Lorenzetti MA, De Matteo E, Gass H, Martinez Vazquez P, Lara J, et al. (2010) Characteri-

zation of Epstein Barr Virus Latency Pattern in Argentine Breast Carcinoma. PLoS ONE, 5,  

1-7. e13603. doi:10.1371/journal.pone.0013603 

[40] Zekri AR, Bahnassy AA, Mohamed WS, El-Kassem FA, El-Khalidi SJ, Hafez MM, Hassan 

ZK. (2012) Epstein-Barr virus and breast cancer: epidemiological and molecular study on 

Egyptian and Iraqi women. J Egypt Natl Canc Inst., 24, 123-131. doi: 

10.1016/j.jnci.2012.06.001. Epub 2012 Jul 10.  

[41] Morales-Sanchez A, Molina-Munoz T, Martinez-Lopez JL, Hernandez-Sancen P, Mantilla A, 

Leal YA, et al. (2013) No association between Epstein-Barr Virus and Mouse Mammary 

Tumor Virus with breast cancer in Mexican women. Scientific reports, 3, 2970. PubMed 

PMID: PMID: 24131889. Pubmed Central PMCID: 3797988. 

http://dx.doi.org/10.1038/srep02970  

[42] Yahia ZA, Adam AA, Elgizouli M, Hussein A, Masri MA, Kamal M, Mohamed HS, Alzaki 

K, Elhassan AM, Hamad K, Ibrahim ME (2014) Epstein Barr virus: a prime candidate of 

breast cancer aetiology in Sudanese patients. Infectious Agents and Cancer, 7, 9. doi: 

10.1186/1750-9378-9-9. 

[43] Richardson AK, Currie MJ, Robinson BA, Morrin H, Phung Y, Pearson JF, et al. (2015) Cy-

tomegalovirus and Epstein-Barr Virus in Breast Cancer. PLoS ONE, 10, 1-14.  

doi:10.1371/journal.pone.0118989 

[44] Barukčić, K. and Barukčić, I. (2016) Epstein Barr Virus - The Cause of Multiple Sclerosis. 

Journal of Applied Mathematics and Physics, 4, 1042-1053. 

http://dx.doi.org/10.4236/jamp.2016.46109   

[45] Agresti, A. and Coull, B. A. (1998) Approximate is better than “exact” for interval estimation 

of binomial proportions. The American Statistician, 52, 119–126. 

http://dx.doi.org/10.2307/2685469  

[46] Clopper, C. and Pearson, E. S. (1934) The use of confidence or fiducial limits illustrated in 

the case of the binomial. Biometrika, 26, 404–413. http://dx.doi.org/10.1093/biomet/26.4.404  

[47] Leemis, L. M. and Trivedi, K. S. (1996) A Comparison of Approximate Interval Estimators 

for the Bernoulli Parameter. The American Statistician, 50, 63-68. 

http://dx.doi.org/10.2307/2685046  

[48] Rumke C. L. (1975) Implications of the Statement: No Side Effects Were Observed. N Engl J 

Med, 292, 372-373. http://dx.doi.org/10.1056/NEJM197502132920723   

[49] Hanley, J. A. and Lippman-Hand, A. (1983) If Nothing Goes Wrong, Is Everything All 

Right? The Journal of the American Medical Assn., 249, 1743-1745. 

http://dx.doi.org/10.1001/jama.1983.03330370053031  

[50] Jovanovic, B. D. and Levy, P.S. (1997) A Look at the Rule of Three. The American Statisti-

cian, 51, 137-139. http://dx.doi.org/10.1080/00031305.1997.10473947  

[51] Louis, T. A. (1981) Confidence Intervals for a Binomial Parameter After Observing No Suc-

cesses. The American Statistician, 35, 154. 

http://dx.doi.org/10.1080/00031305.1981.10479337  

[52] Barukčić, I. (2016) The Mathematical Formula of the Causal Relationship k. International 

Journal of Applied Physics and Mathematics, 6, 45-65. 

http://dx.doi.org/10.17706/ijapm.2016.6.2.45-65  

[53] Pearson, K. (1900) On the Criterion That a Given System of Deviations from the Probable in 

the Case of a Correlated System of Variables Is Such That It Can Be Reasonably Supposed to 

http://dx.doi.org/10.1007/s12253-010-9325-z
http://dx.doi.org/10.1007/s10549-011-1841-3
http://dx.doi.org/10.1038/srep02970
http://dx.doi.org/10.4236/jamp.2016.46109
http://dx.doi.org/10.2307/2685469
http://dx.doi.org/10.1093/biomet/26.4.404
http://dx.doi.org/10.2307/2685046
http://dx.doi.org/10.1056/NEJM197502132920723
http://dx.doi.org/10.1001/jama.1983.03330370053031
http://dx.doi.org/10.1080/00031305.1997.10473947
http://dx.doi.org/10.1080/00031305.1981.10479337
http://dx.doi.org/10.17706/ijapm.2016.6.2.45-65


Ilija Barukčić 
 

29 

Have Arisen from Random Sampling. Philosophical Magazine Series, 5, 157-175. 

http://dx.doi.org/10.1080/14786440009463897 

[54] Joshi D, Buehring GC. (2012) Are viruses associated with human breast cancer? Scrutinizing 

the molecular evidence. Breast cancer research and treatment, 135, 1 - 15. PubMed PMID: 

PMID: 22274134. Epub 2012/01/26. eng. doi: 10.1007/s10549-011 -1921-4 

[55] Cohen  J.  I.  (2000)  Epstein-Barr  virus  infection.  N  Engl  J  Med,  343,  

481-492. http://dx.doi.org/10.1056/NEJM200008173430707  

[56] Decker,  L. L.,  Klaman,  L. D.  and  Thorley-Lawson D. A.  (1996)  Detection of  

the latent form of Epstein-Barr virus DNA in the peripheral blood of healthy individuals. J. 

Virol., 70, 3286–3289. 

[57] Babcock,  G. J.,   Decker, L. L.,  Volk, M.  and  Thorley-Lawson, D. A.  (1998). EBV 

persistence in memory B cells in vivo. Immunity, 9, 395–404. 

[58] Babcock, G. J., Decker, L. L., Freeman, R. B. and Thorley-Lawsona, D. A.  (1999) Ep-

stein-Barr Virus–Infected Resting Memory B Cells, Not Proliferating Lymphoblasts, Accu-

mulate in the Peripheral Blood of Immunosuppressed Patients. J Exp Medv., 190, 567-576. 

http://dx.doi.org/10.1080/14786440009463897
http://dx.doi.org/10.1056/NEJM200008173430707

