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Does mouse mammary tumor-like virus 
cause human breast cancer? Applying Bradford 
Hill criteria postulates
Yasir Hameed*, Muhammad Usman and Mukhtiar Ahmad

Abstract 

Background: The role of mouse mammary tumor-like virus (MMTV-like virus) in human breast cancer (BC) has 
already been widely investigated worldwide with conflicting results. Although the researchers tried to establish the 
link between MMTV-like virus and BC through the statistical meta-analysis of the previous studies associating MMTV-
like virus with BC, they failed to establish a more reliable link due to the shortcomings of the statistical meta-analysis. 
In the present study, we identified population-wide studies relating MMTV-like virus with BC through the PubMed 
search engine. Then, we examined the available data of MMTV-like virus prevalence in BC, normal/benign samples, 
and applied the postulates of Bradford Hill criteria on the available evidence to investigate the association between 
MMTV-like virus and BC. In addition, to further enhance the reliability of our outcomes, we have also evaluated the 
methodologies of the previous studies to address the possibility of false-negative and false-positive results.

Results: After a careful evaluation of the extracted data against the postulates of Bradford Hill criteria, it was 
observed that none of the studies fulfill all the major postulates of Bradford Hill criteria for causation including tempo-
rality, consistency, biological gradient, experiment, coherence, specificity, and analogy. Hence, no causal relationship 
has been suggested between MMTV-like virus and BC patients of the any included population.

Conclusion: The results failed to prove the causal relationship between MMTV-like virus and BC rather suggested it 
as a co-participant in the pathogenesis of BC.
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Background
Breast cancer (BC) is a condition in which the breast cells 
grow abnormally and out of control. A breast is composed 
of three main parts: lobules, ducts, and connective tissue. 
The lobules are the glands that produce milk, while ducts 
are used to carry the milk to the nipple, and connective 
tissue surrounds and holds everything together (Zucca-
Matthes et al. 2016). BC may occur at multiple sites in the 
breast but ducts and lobules are the major hotspots of the 
BC. Based on the type of breast cells that turn into can-
cer, BC has been divided into several types (Sharma et al. 

2010). BC is one of the leading causes of mortality world-
wide accounting for 14% of cancer-related deaths (Jemal 
et  al. 2011) with a 5-year survival rate of approximately 
40–80% (Coleman et al. (2008)).

Being female, getting older, consuming alcohol, no 
pregnancy, obesity, and viral infection are the very com-
mon causes of the BC (Lawson 2009). Moreover, the 
role of human papilloma (HPV) and Epstein–Barr virus 
(EBV) in the development of BC has already been well 
acknowledged worldwide (Glenn et  al. 2012). There is, 
however, no clear etiological role of mouse mammary 
tumor viruses (MMTV) have been identified in the 
development of BC since the first study which initially 
identified the presence of MMTV in human BC in 1972 
(Axel et al. 1972; Oskouee et al. 2014).
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Another virus named MMTV-like virus is 95% 
homologous to MMTV in terms of sequence homol-
ogy (Lawson et  al. 2006). Controversial evidence has 
been reported until now regarding the etiologic role of 
MMTV-like virus in the development of BC. Although 
the role of MMTV as an etiologic factor in the develop-
ment of mice memory tumor is well established, however, 
it is still unclear whether MMTV-like virus contributes to 
the development of human BC.

The first-ever study documenting the presence of 
MMTV-like virus was conducted in 1972 by Axel et  al. 
(1972) in the USA. In that study, they detected the pres-
ence of MMTV-like virus in a total of 38 BC samples 
using the molecular hybridization technique and results 
revealed the presence of MMTV-like virus in approxi-
mately 78.9% of the BC samples.

Since then, numerous studies have been carried out 
worldwide for detecting MMTV-like virus in BC and 
their outcomes were contradictory because MMTV-like 
virus was detected in varying detection positivity ratios 
population-wide, i.e., from 0% (Oskouee et  al. (2014); 
Bindra et  al. 2007; Morales-Sanchez et  al. 2013; Mota-
medifar et  al. 2012; Park et  al. 2011; Tabriz et  al. 2013; 
Witt et al. 2003) to 100% 78.9% (Axel et al. 1972).

In general, a statistical meta-analysis is usually pre-
ferred when establishing a correlation between the virus 
and the disease as compared to the single study. This 
choice is based on the multiple advantages of the meta-
analysis such as increased number of objects, greater 
diversity among the objects, and conclusion with a high 
level of evidence over the individual single study which 
has disadvantages like a small cohort of patients and con-
clusions with a low level of evidence. By keeping in view 
the inconsistencies in the MMTV-like virus detection 
ratios in worldwide published studies, recently, research-
ers have analyzed the previously published studies by the 
means of statistical meta-analysis to yield more useful 
pieces of information.

Previously, a statistical meta-analysis was performed 
to find out the causal relationship between MMTV-like 
virus and BC by Wang et  al. (2014) through the avail-
able literature of MMTV-like virus and BC in various 
authentic research engines including MEDLINE (Pub-
Med), Embase, EBSCO (ASP/BSP), and China National 
Knowledge Infrastructure (CNKI). They obtained more 
than 22 studies from different populations such as West-
ern, Asian population and African populations and their 
revealed no significant association between MMTV-like 
virus and BC.

Although evaluating the results of previous studies 
documenting the role of MMTV-like virus in the devel-
opment of BC through statistical meta-analysis was a bet-
ter choice than generalizing the results of an individual 

study, however, we did not consider statistical meta-anal-
ysis reliable to establish a causal-relationship between 
MMTV-like virus and the BC development because of 
some serious limitations such as its inability to analyze 
the methodologies of the previous studies, so there is 
no way to evaluate the possibility of false-negative and 
false-positive results, nor does statistical meta-analysis 
provide any information regarding the effect of heteroge-
neity-specific nature of the understudied populations on 
MMTV-like virus detection. In addition, statistical meta-
analysis results in publication biasness, where meta-anal-
ysis does not select studies with no results even though 
they contain valuable information.

By looking at the discrepancy in the outcomes of the 
previously published studies and significant shortcom-
ings of the statistical meta-analysis, we performed the 
population-wise valuation of the results of previous stud-
ies detecting MMTV-like virus in BC using the Bradford 
Hill criteria. These criteria are widely used and accepted 
worldwide over many years for establishing a causal rela-
tionship between a presumed cause and an observed 
effect of public health research (Fedak et al. 2015).

In the course of evaluation, we analyzed, whether or 
not these studies fulfill all the postulates of Bradford Hill 
criteria to declare a causal relationship between MMTV-
like virus and BC. In addition, we also evaluated the 
methodologies used by the previous studies to address 
the possibility of false-positive and false-negative results 
for better outcomes. The outcomes of the present study 
will help to establish a more reliable population-wise 
causal relationship between MMTV-like virus and BC 
and determine the more appropriate treatment strategies 
for BC patients.

Methods
In the present study, we implemented a two-phase meth-
odology (Fig. 1).

Literature search
All the relevant articles associating MMTV-like virus 
with BC were identified through the PubMed search 
database using the keywords: “Breast Cancer” AND 
“MMTV-like virus.” We also defined “Retroviridae” AND 
“Breast neoplasia” as medical subject headings (MeSH) 
terms. Mesh terms and keywords were combined during 
the search process. All the literature was searched avail-
able until March 2020, with the “Original Article” filter. 
In total, 1428 original articles were identified through the 
PubMed search engine.

Relevant data extraction
From 1429 original articles, the 40 relevant articles were 
identified having the desired information by initially 
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reading the title, abstract, and then the complete article. 
Furthermore, a comprehensive table was constructed 
having all the required information from the selected rel-
evant studies.

Evaluation of the results using the postulates of Bradford 
Hill criteria
Based on the extracted data, all the identified studies 
were carefully evaluated against the following Bradford 
Hill criteria postulates:

(1) Strength: larger the association, more probability 
of the causal relationship, (2) Temporality: cause must 
lead to the induction of an effect. If the delay is expected 
between the cause and effect, then the effect has to occur 
after the delay, (3) Consistency: different studies con-
ducted by different researchers at different places with 
different sample sizes and reporting the similar results 
increase the chances of the causal relation between the 
cause and effect, (4) Plausibility: there should be plausible 
mechanism between the cause and effect, (5) Biological 

gradient: greater response is produced by the causative 
agent in response to the greater exposure. However, in 
some cases, effect can be triggered by the mere presence 
of the factor, while in other cases, greater exposure can 
lead lower effect as well, (6) Experiment: the relation-
ship between the cause and effect should be explained 
by the experiments and experiment should results in the 
reduction of effect when the causative agent is removed, 
(7) Coherence: causal relationship should not conflict 
with already known literature about the disease or expo-
sure, (8) Specificity: causality is more likely if the effect 
has only one cause, (9) Analogy: previous evidence of the 
association between the cause and effect should support 
the current statement for the causal relationship.

The assessment of each postulate was qualitative/
descriptive, as there was an element of subjectivity in 
applying quantitative scoring. Evidence collected for each 
postulate is presented in Table 1 and results section with 
a final judgment as to whether the viewpoint was fulfilled 
or not.

Fig. 1 Overview of the methodology implemented during the present study
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Results
In total, 40 relevant original articles (Glenn et  al. 2012; 
Axel et al. 1972; Oskouee et al. 2014; Lawson et al. 2006, 
2010, 2004; Bindra et  al. 2007; Morales-Sanchez et  al. 
2013; Motamedifar et  al. 2012; Park et  al. 2011; Tabriz 
et al. 2013; Witt et al. 2003; Al Dossary et al. 2018; Cedro-
Tanda et  al. 2014; Etkind et  al. 2000; Faedo et  al. 2004; 
Ford et  al. 2004, 2003; Hachana et  al. 2008; Hafez et  al. 
2013; Levine et al. 1984; Luo et al. 2006; Mazzanti et al. 
2011; Melana et al. 2002, 2001; Mok et al. 2008; Nacca-
rato et al. 2019; Nartey et al. 2017; Naushad et al. 2014, 
2017a, b); Pogo et  al. 1999, 2010; Reza et  al. 2015; San 
et  al. 2017; Shariatpanahi et  al. 2017; Slaoui et  al. 2014; 
Wang et  al. 1995; Zammarchi et  al. 2006; Zapata-Bena-
vides et al. 2007) (Table 1) were found on PubMed which 
investigated the association of MMTV-like virus with 
BC in 24 different populations. Table  1 enlists all these 
articles with summarized information extracted from 
these articles including information about the studied 
population, technique used for the detection of MMTV-
like virus, target gene, number (No) of screened samples 
(normal, adjacent/benign, and BC) with their respective 
identified population-wise positivity ratios. Out of all the 
40 studies, in total, 23 studies (Glenn et al. 2012; Oskouee 
et  al. 2014; Bindra et  al. 2007; Morales-Sanchez et  al. 
2013; Motamedifar et  al. 2012; Al Dossary et  al. 2018; 
Cedro-Tanda et  al. 2014; Etkind et  al. 2000; Ford et  al. 
2004, 2003; Hafez et al. 2013; Lawson et al. 2010; Levine 
et al. 1984; Mazzanti et al. 2011; Melana et al. 2002, 2001; 
Nartey et al. 2017; Naushad et al. 2014; Pogo et al. 2010; 
Reza et  al. 2015; Shariatpanahi et  al. 2017; Slaoui et  al. 
2014; Wang et  al. 1995) were the case–control studies 
in which normal, adjacent/benign, and BC samples were 
screened, while others were not.

The positivity ratio of MMTV-like virus detection in 
BC samples was varied population-wise from 0% (Osk-
ouee et al. 2014; Bindra et al. 2007; Morales-Sanchez et al. 
2013; Motamedifar et  al. 2012; Park et  al. 2011; Tabriz 
et  al. 2013; Witt et  al. 2003) to 78.9% (Axel et  al. 1972) 
in all the 40 identified studies, while the positivity ratio 
of MMTV-like virus detection in normal and adjacent/
benign controls was varied from 0% (Oskouee et al. 2014; 
Motamedifar et  al. 2012; Al Dossary et  al. 2018; Etkind 
et  al. 2000; Ford et  al. 2003; Lawson et  al. 2010; Maz-
zanti et al. 2011; Naushad et al. 2014; Reza et al. 2015) to 
32% (Glenn et al. 2012) and 0% (Bindra et al. 2007; Lev-
ine et al. 1984; Melana et al. 2002) to 33.3% (Slaoui et al. 
2014), respectively.

The results obtained after careful evaluation of the 
extracted data through the Bradford Hill criteria pos-
tulates showed that all the identified studies from 
various populations do not fulfill the major postulates 
including temporality, consistency, biological gradient, 

experiment, coherence, specificity, and analogy. Hence, 
no causal relationship has been suggested between 
MMTV-like virus and BC patients of any included 
population.

Polymerase chain reaction (PCR) technique was 
employed by most of the studies (Glenn et al. 2012; Osk-
ouee et al. 2014; Lawson et al. 2006, 2010, 2004; Bindra 
et  al. 2007; Morales-Sanchez et  al. 2013; Motamedifar 
et al. 2012; Park et al. 2011; Tabriz et al. 2013; Witt et al. 
2003; Al Dossary et  al. 2018; Cedro-Tanda et  al. 2014; 
Etkind et al. 2000; Faedo et al. 2004; Ford et al. 2004, 2003; 
Hachana et  al. 2008; Hafez et  al. 2013; Luo et  al. 2006; 
Mazzanti et al. 2011; Melana et al. 2002, 2001; Mok et al. 
2008; Naccarato et al. 2019; Nartey et al. 2017; Naushad 
et  al. 2014, 2017a, b; Pogo et  al. 1999, 2010; Reza et  al. 
2015; San et  al. 2017; Shariatpanahi et  al. 2017; Slaoui 
et  al. 2014; Wang et  al. 1995; Zammarchi et  al. 2006; 
Zapata-Benavides et  al. 2007) to detect the presence of 
MMTV-like virus in the normal, adjacent/benign and 
BC samples using Env (Glenn et al. 2012; Oskouee et al. 
2014; Lawson et al. 2006, 2010, 2004; Bindra et al. 2007; 
Morales-Sanchez et  al. 2013; Motamedifar et  al. 2012; 
Park et  al. 2011; Tabriz et  al. 2013; Witt et  al. 2003; Al 
Dossary et al. 2018; Cedro-Tanda et al. 2014; Etkind et al. 
2000; Faedo et al. 2004; Ford et al. 2004, 2003; Hachana 
et  al. 2008; Hafez et  al. 2013; Luo et  al. 2006; Mazzanti 
et al. 2011; Melana et al. 2001; Mok et al. 2008; Naccarato 
et al. 2019; Nartey et al. 2017; Naushad et al. 2014, 2017a, 
b; Pogo et al. 1999, 2010; Reza et al. 2015; San et al. 2017; 
Shariatpanahi et al. 2017; Slaoui et al. 2014; Wang et al. 
1995; Zammarchi et  al. 2006; Zapata-Benavides et  al. 
2007), Ltr (Naushad et al. 2014, 2017a, b), and gp52 (Law-
son et al. 2010; Levine et al. 1984) gene-specific primers. 
Additionally, from them, few studies (Glenn et  al. 2012; 
Bindra et al. 2007; Morales-Sanchez et al. 2013; Al Dos-
sary et  al. 2018; Cedro-Tanda et  al. 2014; Etkind et  al. 
2000; Ford et al. 2004, 2003; Lawson et al. 2010; Mazzanti 
et  al. 2011; Melana et  al. 2001; Mok et  al. 2008; Nacca-
rato et al. 2019; Nartey et al. 2017; Naushad et al. 2017; 
San et al. 2017; Slaoui et al. 2014; Zammarchi et al. 2006; 
Zapata-Benavides et al. 2007) also employed the second 
techniques for validating their PCR positive results using 
second techniques such as immunohistochemistry (Law-
son et al. 2010; Naccarato et al. 2019), in situ hybridiza-
tion (Mazzanti et  al. 2011), real-time PCR (Mazzanti 
et  al. 2011), and DNA sequencing analysis (Glenn et  al. 
2012; Bindra et al. 2007; Morales-Sanchez et al. 2013; Al 
Dossary et al. 2018; Cedro-Tanda et al. 2014; Etkind et al. 
2000; Ford et al. 2004, 2003; Melana et al. 2001; Mok et al. 
2008; Nartey et  al. 2017; Naushad et  al. 2017; San et  al. 
2017; Slaoui et al. 2014; Zammarchi et al. 2006; Zapata-
Benavides et  al. 2007). On the other hand, few stud-
ies also utilized antigen detection method (Levine et  al. 
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1984) and molecular hybridization method (Axel et  al. 
1972) for the detection of MMTV-like virus.

Further details regarding population-specific MMTV-
like virus etiology in BC have been given as follows:

In Australia, a total of 09 studies (Glenn et  al. 2012; 
Lawson et  al. 2006, 2010, 2004; Park et  al. 2011; Faedo 
et al. 2004; Ford et al. 2004; Mok et al. 2008; Nartey et al. 
2017) including 4 case–control studies (Glenn et  al. 
2012; Ford et  al. 2004; Lawson et  al. 2010; Nartey et  al. 
2017) have been reported so far to demonstrate MMTV-
like virus etiology in BC. These studies used PCR tech-
nique with the help of Env gene-specific primers for 
MMTV-LIKE VIRUS detection and documented differ-
ential MMTV-like virus detection positivity ratios vary-
ing between 0% (Park et al. 2011) and 78.9% (Axel et al. 
1972) in BC samples, while 20% (Ford et al. 2004) to 24% 
(Nartey et  al. 2017) in adjacent/benign samples and 0% 
(Lawson et al. 2010) to 32% (Glenn et al. 2012) in normal 
controls.

In Pakistan, the association between MMTV-like virus 
and BC has been reported in only 03 studies (Naushad 
et al. 2014, 2017a, b) so far. They utilized PCR technique 
with primers specifically targeting the Env and LTR 
regions of the viral genome and documented varying 
MMTV-like virus detection positivity ratio ranging from 
11.6% (Naushad et  al. 2017) to 46.25% (Naushad et  al. 
2014) in BC samples.

A total of 05 studies (Oskouee et al. 2014; Motamedi-
far et  al. 2012; Tabriz et  al. 2013; Reza et  al. 2015; Sha-
riatpanahi et al. 2017) including 04 case–control studies 
(Oskouee et  al. 2014; Motamedifar et  al. 2012; Reza 
et  al. 2015; Shariatpanahi et  al. 2017) have been carried 
out in Iran so far, analyzing the association between 
MMTV-like virus and BC. These studies utilized PCR 
technique with primers specific for the Env region of the 
viral genome and documented varying MMTV-like virus 
detection positivity ratios ranging from 0% (Oskouee 
et al. 2014; Motamedifar et al. 2012; Tabriz et al. 2013) to 
32.2% (Shariatpanahi et al. 2017) in BC samples, while 0% 
(Oskouee et al. 2014; Motamedifar et al. 2012; Reza et al. 
2015) and 5% (Shariatpanahi et  al. 2017) in the normal 
and adjacent/benign controls, respectively.

A single case–control study (Slaoui et  al. 2014) has 
been conducted in Morocco so far to determine the asso-
ciation between MMTV-like virus and BC. They ana-
lyzed 42 BC samples and 18 adjacent/benign controls 
for the identification of MMTV-like virus in BC using 
PCR technique with primers specifically hybridizing in 
the Env sequence of the viral genome. They documented 
57.1% and 33.3% MMTV-like virus detection positivity 
ratios in BC and adjacent/benign controls, respectively.

In Austria, only a single study (Witt et  al. 2003) has 
been reported to date to relating MMTV-like virus 

presence with BC. They screened 50 BC samples using 
PCR technique with primers specifically targeting the 
Env sequence of the viral genome and they documented 
0% MMTV-like virus detection positivity ratio in BC 
samples.

Until now, only a single case–control study (Hafez et al. 
2013) has been carried out in Egypt to find out the etio-
logical association between MMTV-like virus and BC. 
They analyzed 100 BC samples and 50 adjacent/benign 
controls using PCR technique with Env gene-specific 
primers for MMTV-like virus detection. They reported 
the higher MMTV-like virus detection positivity ratio in 
BC samples (36%) as compared to the adjacent/benign 
controls (4%).

In Vietnam, there has been a single case–control study 
(Ford et al. 2003) reported so far to find out if MMTV-
like virus has any association with BC. They utilized PCR 
technique with primers specifically targeting the Env 
sequence of the viral genome and documented a 0.83% 
MMTV-like virus detection positivity ratio in BC sam-
ples and normal controls, respectively.

Until now, only a single case–control study (Melana 
et  al. 2002) has been carried out in Argentina to elabo-
rate the role of MMTV-like virus in the development of 
BC. They screened 74 BC samples paired with adjacent/
benign controls using PCR technique with primers tar-
geting the envelope sequence of the viral genome. They 
documented the higher MMTV-like virus detection posi-
tivity ratios in BC samples (31%) as compared to the adja-
cent/benign samples (0%) and normal controls (1.35%).

In Sweden, a single case–control (Bindra et  al. 2007) 
has been carried out so far to identify the casual relation-
ship between MMTV-like virus and BC using RT-PCR 
technique and they did not detect MMTV-like virus in 
any of the BC or control sample.

So far, a single case–control study (Al Dossary et  al. 
2018) has been carried out in Saudi Arabia to find out 
the association between MMTV-like virus and BC. They 
screened a total of 101 BC, 51 normal, and 93 adjacent/
benign controls using PCR technique with primers spe-
cific for the Env region of the viral genome and docu-
mented MMTV-like virus positivity ratios was higher in 
the adjacent/benign controls (9.7%) as compared to the 
normal (0%) and BC samples (5.9%).

In Tunisia, a total of 03 studies (Hachana et al. 2008; 
Levine et al. 1984; Pogo et al. 2010) including 02 case–
control studies (Levine et  al. 1984; Pogo et  al. 2010) 
have been reported so far to find out whether MMTV-
like virus have any association with BC. They utilized 
antigen detection method and PCR technique with Env 
gene-specific primers for MMTV-like virus detection 
and documented MMTV-like virus detection positiv-
ity ratios with varying frequencies ranging from 3.9% 
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(Hachana et al. 2008) to 73.7% (Pogo et al. 2010) in BC 
samples, while 0% (Levine et  al. 1984) and 1.4% (Pogo 
et  al. 2010) in adjacent/benign and normal samples, 
respectively.

To date, a total of 04 studies (Axel et al. 1972; Etkind 
et al. 2000; Pogo et al. 2010; Wang et al. 1995) includ-
ing 3 case–control studies (Etkind et  al. 2000; Pogo 
et al. 2010; Wang et al. 1995) have been carried out in 
the USA to elaborate the causal association between 
in adjacent/benign samples and BC. All these stud-
ies employed PCR technique with Env gene-specific 
primers and documented MMTV-like virus detection 
positivity ratios ranging from 36.9% (Etkind et al. 2000) 
to 45.5% (Pogo et  al. 2010) in BC samples, while 6.9% 
(Wang et al. 1995) in the adjacent/benign samples and 
0% (Etkind et al. 2000) to 1.8% (Wang et al. 1995) in the 
normal controls.

Until now, a total of 03 studies (Morales-Sanchez 
et  al. 2013; Cedro-Tanda et  al. 2014; Zapata-Benavides 
et  al. 2007) including two case–control study (Morales-
Sanchez et al. 2013; Cedro-Tanda et al. 2014) have been 
reported in Mexico to determine the causal relationship 
between MMTV-like virus and BC. All these studies uti-
lized PCR with primers specific for the Env gene-specific 
primers and the documented MMTV-like virus detection 
positivity ratios varied from 0% (Morales-Sanchez et  al. 
2013) to 12.6% (Cedro-Tanda et al. 2014) in BC samples 
and 0% (Morales-Sanchez et  al. 2013) to 16% (Cedro-
Tanda et al. 2014) in adjacent/benign controls.

A single study (San et al. 2017) has been conducted in 
Myanmar to date to relate the MMTV-like virus pres-
ence with BC. In total, they analyzed 58 BC samples were 
using PCR technique with primers specific for the Env 
region and documented a 1.7% 1.7% detection positivity 
ratio.

A total of 04 studies (Mazzanti et  al. 2011; Naccarato 
et  al. 2019; Pogo et  al. 1999; Zammarchi et  al. 2006) 
including a case–control study (Mazzanti et  al. 2011) 
have been carried out in Italy so far, analyzing the etio-
logical association between 1.7% and BC. These studies 
utilized the PCR technique with primers specific for the 
Env region of the viral genome and documented MMTV-
like virus detection positivity ratios with varying fre-
quencies ranging from 33% (Shariatpanahi et  al. 2017) 
to 68.1% (Mazzanti et al. 2011) in BC samples, while 0% 
(Mazzanti et  al. 2011) in normal and 19.2% (Mazzanti 
et al. 2011) in adjacent/benign controls.

In China, there has been a single study (Luo et al. 2006) 
reported so far to find out if MMTV-like virus is asso-
ciated with BC. They utilized PCR technique with prim-
ers specifically targeting the Env sequence of the viral 
genome and documented 18.25% MMTV-like virus 
detection positivity ratio.

Discussion
BC is one of the most common types of cancer that 
infect millions of people worldwide each year. Although 
recent advancements in the diagnosis and treatment of 
the BC have helped to manage the disease but still the 
prevalence of BC is on a rise due to unknown underlying 
mechanisms (Akram et al. 2017).

To date, various individual studies have been carried 
out worldwide to find the state of association between 
MMTV-like virus and BC to further uncover the molecu-
lar pathways underlying BC but their results are conflict-
ing. In addition, the statistical meta-analysis was also 
used by the researchers to analyze the previous individ-
ual studies for generating a more meaningful association 
between MMTV-like virus and BC but due to the short-
comings of statistical meta-analysis, researchers once 
again failed to establish a more reliable causal relation-
ship between MMTV-like virus and BC.

In the present study, we evaluated the previous studies 
using a reliable, Bradford Hill criteria to find a causal rela-
tionship between MMTV-like virus and BC. In addition, 
we also evaluated the methodologies used by the previ-
ous studies to address the possibility of false-positive and 
false-negative results for better outcomes.

In total, 40 original articles (Glenn et  al. 2012; Axel 
et al. 1972; Oskouee et al. 2014; Lawson et al. 2006, 2010, 
2004; Bindra et  al. 2007; Morales-Sanchez et  al. 2013; 
Motamedifar et  al. 2012; Park et  al. 2011; Tabriz et  al. 
2013; Witt et  al. 2003; Al Dossary et  al. 2018; Cedro-
Tanda et  al. 2014; Etkind et  al. 2000; Faedo et  al. 2004; 
Ford et  al. 2004, 2003; Hachana et  al. 2008; Hafez et  al. 
2013; Levine et al. 1984; Luo et al. 2006; Mazzanti et al. 
2011; Melana et al. 2002, 2001; Mok et al. 2008; Naccarato 
et al. 2019; Nartey et al. 2017; Naushad et al. 2014, 2017a, 
b; Pogo et al. 1999, 2010; Reza et al. 2015; San et al. 2017; 
Shariatpanahi et al. 2017; Slaoui et al. 2014; Wang et al. 
1995; Zammarchi et  al. 2006; Zapata-Benavides et  al. 
2007) were included in the present study. The MMTV-
like virus positivity ratio reported in these studies was 
varied between 0% (Oskouee et  al. 2014; Bindra et  al. 
2007; Morales-Sanchez et  al. 2013; Motamedifar et  al. 
2012; Park et al. 2011; Tabriz et al. 2013; Witt et al. 2003) 
and 78.9% (Axel et al. 1972) in BC samples. In most of the 
case–control studies (Glenn et  al. 2012; Oskouee et  al. 
2014; Bindra et  al. 2007; Morales-Sanchez et  al. 2013; 
Motamedifar et  al. 2012; Etkind et  al. 2000; Ford et  al. 
2004, 2003; Hafez et al. 2013; Lawson et al. 2010; Levine 
et al. 1984; Mazzanti et al. 2011; Melana et al. 2002, 2001; 
Nartey et al. 2017; Naushad et al. 2014; Pogo et al. 2010; 
Reza et  al. 2015; Shariatpanahi et  al. 2017; Slaoui et  al. 
2014; Wang et al. 1995), the positivity ratio for MMTV-
like virus detection was higher in the BC samples as com-
pared to the controls, while in some studies (Al Dossary 
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et  al. 2018; Cedro-Tanda et  al. 2014), MMTV-like virus 
positivity ratio was higher in the controls as compared 
to the BC samples. Possible reasons for such population-
specific inequalities in MMTV-like virus detection could 
be non-modifiable factors such as genetic makeup and 
socially controllable factors like health-seeking behavior 
and differential access to the health facilities.

After careful evaluation of the results of identified stud-
ies through Bradford hill criteria showed that all the stud-
ies failed to fulfill the major postulates including strength, 
temporality, consistency, biological gradient, experiment, 
coherence, specificity, and analogy. Hence, we suggested 
that MMTV-like virus acts as a co-participant in the 
development of BC rather than having a causal relation-
ship that might combine with the other viruses and such 
as human immunodeficiency virus (HIV) and hepatitis 
C virus (HCV), other factors including genetic abnor-
malities, smoking, alcohol consumption, and obesity may 
increase a person’s risk of developing BC by affecting the 
body’s immune system.

However, limitations and some of the major issues 
related with methodologies used in the included studies 
have been discussed below.

Possible causes of false-negative results
In few studies, the presence of MMTV-like virus was 
not detected in any of the analyzed samples. How we 
can be sure that their negative results of MMTV-like 
virus detection were not due to the poor quality of the 
extracted DNA? To overcome this issue, most of the 
studies (Glenn et  al. 2012; Oskouee et  al. 2014; Law-
son et al. 2006, 2010, 2004; Bindra et al. 2007; Morales-
Sanchez et al. 2013; Motamedifar et al. 2012; Park et al. 
2011; Tabriz et  al. 2013; Al Dossary et  al. 2018; Cedro-
Tanda et  al. 2014; Etkind et  al. 2000; Faedo et  al. 2004; 
Ford et  al. 2004, 2003; Hachana et  al. 2008; Hafez et  al. 
2013; Levine et  al. 1984; Luo et  al. 2006; Melana et  al. 
2002, 2001; Mok et al. 2008; Naccarato et al. 2019; Nartey 
et al. 2017; Naushad et al. 2014, 2017a, b; Pogo et al. 1999, 
2010; Reza et al. 2015; San et al. 2017; Shariatpanahi et al. 
2017; Slaoui et  al. 2014; Wang et  al. 1995; Zammarchi 
et al. 2006; Zapata-Benavides et al. 2007) used internal or 
positive-control but two studies (Witt et  al. 2003; Maz-
zanti et al. 2011) did not use positive control so there is 
no way to confirm their negative results. Moreover, the 
risk of contamination during PCR can never be ruled out 
completely and it could lead to false-negative results. In 
total, two studies (Mazzanti et al. 2011; Naccarato et al. 
2019) prepared histological specimens using laser micro-
dissection approach during which morphology as well as 
the quality of the cellular material can be compromised 
(Chung and Shen 2015). So, these could be possible rea-
sons behind the completely negative results of these 

studies (Oskouee et al. 2014; Bindra et al. 2007; Morales-
Sanchez et al. 2013; Motamedifar et al. 2012; Park et al. 
2011; Tabriz et al. 2013; Witt et al. 2003).

Possible causes of false-positive results
Few studies (Oskouee et  al. 2014; Bindra et  al. 2007; 
Motamedifar et al. 2012; Park et al. 2011; Witt et al. 2003; 
Cedro-Tanda et  al. 2014; Faedo et  al. 2004; Ford et  al. 
2004; Hachana et  al. 2008; Hafez et  al. 2013; Luo et  al. 
2006; Mazzanti et  al. 2011; Naccarato et  al. 2019; San 
et  al. 2017; Shariatpanahi et  al. 2017; Zammarchi et  al. 
2006) used nested PCR for the detection of MMTV-like 
virus, a method that is more prone to the contamination 
and could lead to false-positive results. Although, these 
studies cited a good laboratory practices but the chances 
of contamination during PCR can never be ruled out 
completely.

Almost all the studies (Glenn et al. 2012; Oskouee et al. 
2014; Lawson et al. 2006, 2010, 2004; Bindra et al. 2007; 
Morales-Sanchez et  al. 2013; Motamedifar et  al. 2012; 
Park et  al. 2011; Tabriz et  al. 2013; Witt et  al. 2003; Al 
Dossary et al. 2018; Cedro-Tanda et al. 2014; Etkind et al. 
2000; Faedo et al. 2004; Ford et al. 2004, 2003; Hachana 
et  al. 2008; Hafez et  al. 2013; Luo et  al. 2006; Mazzanti 
et al. 2011; Melana et al. 2002, 2001; Mok et al. 2008; Nac-
carato et al. 2019; Nartey et al. 2017; Naushad et al. 2014, 
2017a, b; Pogo et al. 1999, 2010; Reza et al. 2015; San et al. 
2017; Shariatpanahi et al. 2017; Slaoui et al. 2014; Wang 
et  al. 1995; Zammarchi et  al. 2006; Zapata-Benavides 
et al. 2007) used PCR technique for the initial detection 
of MMTV-like virus but only few studies (Glenn et  al. 
2012; Bindra et  al. 2007; Morales-Sanchez et  al. 2013; 
Al Dossary et  al. 2018; Cedro-Tanda et  al. 2014; Etkind 
et  al. 2000; Ford et  al. 2004, 2003; Lawson et  al. 2010; 
Mazzanti et al. 2011; Melana et al. 2001; Mok et al. 2008; 
Naccarato et al. 2019; Nartey et al. 2017; Naushad et al. 
2017; San et al. 2017; Slaoui et al. 2014; Zammarchi et al. 
2006; Zapata-Benavides et al. 2007) validated their PCR 
positive results using second techniques such as immu-
nohistochemistry (Lawson et  al. 2010; Naccarato et  al. 
2019), In  situ hybridization (Mazzanti et  al. 2011), real-
time PCR (Mazzanti et  al. 2011), and DNA sequencing 
analysis (Glenn et  al. 2012; Bindra et  al. 2007; Morales-
Sanchez et al. 2013; Al Dossary et al. 2018; Cedro-Tanda 
et al. 2014; Etkind et al. 2000; Ford et al. 2004, 2003; Mel-
ana et  al. 2001; Mok et  al. 2008; Nartey et  al. 2017a, b; 
San et al. 2017; Slaoui et al. 2014; Zammarchi et al. 2006; 
Zapata-Benavides et al. 2007). Expression of PgR, HER2, 
Wnt-1, laminin receptor could be used as surrogate bio-
marker in MMTV-like virus-infected BC patients. Along 
with MMTV-like virus detection, these surrogate bio-
markers were also analyzed by some studies (Faedo et al. 
2004; Hachana et al. 2008; Lawson et al. 2010, 2004; Pogo 
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et al. 1999; Reza et al. 2015) to further validate their find-
ings, out of which (Faedo et al. 2004; Lawson et al. 2010, 
2004; Pogo et  al. 1999; Reza et  al. 2015) have validated 
their findings by analyzing these surrogate biomarkers, 
while the other studies (Hachana et al. 2008; Pogo et al. 
1999) were failed to validate their findings through sur-
rogate biomarkers. Such deviations in the results of pre-
vious studies raise a big question mark on the selection of 
appropriate technique and their sensitivities.

Comparison of normal, benign, and malignant samples
Case–control studies are necessary to establish a causal 
relationship between the causative agent and the disease. 
Some of the studies we summarized analyzed only the 
BC samples (Axel et  al. 1972; Lawson et  al. 2006, 2004; 
Park et al. 2011; Tabriz et al. 2013; Witt et al. 2003; Faedo 
et  al. 2004; Hachana et  al. 2008; Luo et  al. 2006; Mok 
et  al. 2008; Naccarato et  al. 2019; Naushad et  al. 2014, 
2017; Pogo et al. 1999; San et al. 2017; Zammarchi et al. 
2006; Zapata-Benavides et al. 2007) and did not allow us 
to compare their results with normal or adjacent/benign 
controls. However, most of the studies (Glenn et al. 2012; 
Oskouee et al. 2014; Bindra et al. 2007; Morales-Sanchez 
et  al. 2013; Motamedifar et  al. 2012; Al Dossary et  al. 
2018; Cedro-Tanda et  al. 2014; Etkind et  al. 2000; Ford 
et  al. 2004, 2003; Hafez et  al. 2013; Lawson et  al. 2010; 
Levine et  al. 1984; Mazzanti et  al. 2011; Melana et  al. 
2002, 2001; Nartey et al. 2017; Naushad et al. 2014; Pogo 
et  al. 2010; Reza et  al. 2015; Shariatpanahi et  al. 2017; 
Slaoui et  al. 2014; Wang et  al. 1995) also analyzed the 
normal and adjacent/benign tissues along with BC sam-
ples and comparison of their results demonstrated that 
MMTV-like virus detection positivity ratios in BC sam-
ples were higher in Glenn et  al. (2012), Oskouee et  al. 
(2014), Bindra et al. (2007), Morales-Sanchez et al. (2013), 
Motamedifar et al. (2012), Etkind et al. (2000), Ford et al. 
(2004, 2003), Hafez et  al. (2013), Lawson et  al. (2010), 
Levine et al. (1984), Mazzanti et al. (2011), Melana et al. 
(2002, 2001), Nartey et al. (2017), Naushad et al. (2014), 
Pogo et al. (2010), Reza et al. (2015), Shariatpanahi et al. 
(2017), Slaoui et al. (2014), and Wang et al. (1995) stud-
ies, while lower in Al Dossary et  al. (2018) and Cedro-
Tanda et  al. (2014) studies as compared to the normal 
and adjacent/benign controls. However, none of the stud-
ies has reported the association of MMTV-like virus with 
specific BC subtype and histologic grade.

Conclusion
The results of this comprehensive review are controver-
sial. They failed to prove the causal relationship between 
MMTV-like virus and BC rather suggested it as co-par-
ticipant in the pathogenesis of BC. However, due to limi-
tations of the methodologies used by the previous studies 

to detect the presence of MMTV-like virus in BC, addi-
tional experiments are required to prove the MMTV-like 
virus etiology in BC.
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