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Introduction

Malignancies are one of the leading causes of death 
in this century. According to evidence, 9.6 million 
people died of cancer only in 2018 worldwide that 
among them breast cancer with 626679 cases of death 
has been introduced as the most common cancer among 
women around the world [1]. However, this type of 
malignancy has a worldwide prevalence, its incidence, 
mortality, and survival rate vary significantly in different 
parts of the world [2]. An important point in increasing 
the incidence of breast cancer in communities may 
originate from risk factors variations [3]. Breast cancer can 
be associated with various factors such as demographic 
structures, lifestyle, genetic factors, environment and 
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etc [2]. The incidence of breast cancer can be strongly 
related to race and ethnicity [4]. The incidence of this 
malignancy in different parts of the world varies from 27 
per 100,000 people (Central Africa and East Asia) to 92 per 
100,000 people (North America) [5]. Extensive researches 
from around the world have clarified that there is an almost 
4-fold difference in the incidence of breast cancer between 
developed and undeveloped countries, which reveals the 
profound impact of environmental factors on the process of 
disease development [1]. As mentioned, there are several 
factors involved in the development of breast cancer 
malignancy, which according to the International Agency 
for Research on Cancer the biological carcinogens are 
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one of the influential factors in this process [6]. Biological 
carcinogens are one of the most important factors involved 
in breast cancer promotion. Over the past decades, the 
hypothesis of the role of viruses in breast carcinogenesis 
has attracted extensive attention. The viruses including 
human papilloma viruses (HPVs), Epstein–Barr virus 
(EBV-also known as human herpes virus type 4), mouse 
mammary tumor virus (MMTV), bovine leukemia virus 
(BLV), and human cytomegalovirus (HCMV) have been 
mentioned to be related to breast cancer [7]. Although the 
exact role of these viruses in the breast cancer remains 
controversial, large body of studies reported an association 
between HCMV and breast cancer [8].

The HCMV is a member of the herpesviridae family 
that has the ability to cause latent infections among 
individuals [9]. This virus, like most members of the 
herpesviridae family, is highly prevalent in different 
communities, with prevalence rate of 50 to 100% 
around the world [9]. The features including targeting 
cancer-related factors Rb and p53, the ability of cellular 
transformation “in vitro”, encoding proteins with 
oncogenic functions such as IE and pp65, employing 
mechanisms of oncomodulation and evading the immune 
system responses, have turned HCMV into an influential 
factor involved in pathogenesis of human malignancies, 
such as glioma, neuroblastoma, and breast cancer [10-11]. 
Existing data has shown the presence of CMV in different 
samples of patients with breast cancer [8]. In this study, 
we tried to assess the prevalence of CMV in patients with 
breast cancer. We also aimed to highlight the prevalence 
rate of CMV in tissue and also its serum of patients’ 
prevalence in different regions of the world by comparing 
different methods.

Materials and Methods

Literature search strategy 
This systematic review investigated the techniques 

including conventional Polymerase chain reaction 
(PCR), Nested-PCR, Real-time PCR, serological, 
immunohistochemistry, and hybridization for determining 
the prevalence of HCMV in patients with breast 
cancer. The PubMed, Scopus and Google Scholar 
databases were searched up to January 21, 2021 
using combinations of the following key words: 
(Cytomegalovirus OR Cytomegalovirus infection 
OR CMV OR human herpesvirus-5 OR HCMV) and 
(breast cancer OR breast neoplasm OR breast tumor OR 
cancer of breast OR human mammary neoplasm OR 
human mammary carcinoma OR breast carcinoma).  

Study selection 
At first, the selected articles were entered into 

EndNote software version X8 from three databases and 
the duplicate items were removed, then by screening the 
titles and abstracts, a number of articles were also deleted. 
The remaining studies were reviewed by two reviewers 
based on established criteria.

Inclusion and exclusion criteria
Studies with pre-determined criteria were selected 

for the current study which include: a) All case-control 
and cross-sectional studies conducted based on the 
conventional PCR, Nested-PCR, Real-time PCR, 
serological, immunohistochemistry, and hybridization 
methods for determining the prevalence of HCMV in 
patients with different types of breast cancer, b) Studies 
examining fresh tissue or formalin-fixed paraffin embedded 
(FFPE) tissues, blood, plasma, serum c) Utilization of 
samples of adjacent normal tissue or healthy individuals 
without breast cancer, fibroadenoma and benign as 
a control group, d) Full text studies in English.

Exclusion criteria also include: a) Review studies, 
case reports, abstract, master’s thesis or doctoral thesis 
and letter to editor, b) Studies on cell culture and 
animal, c) Studies that have used benign tissues such as 
fibroadenoma, fibrocystic, mastitis as a case sample, d) 
Studies that have considered non-inflammatory breast 
cancer samples as controls, e) Samples of cancer or normal 
are related to men, f) Studies that have used diagnostic 
methods conventional PCR, Nested-PCR, Real-time PCR, 
serological, immunohistochemistry, and hybridization, 
g) Studies that have examined the effect of the drug on 
HCMV-related breast cancer, h) Studies published in 
languages other than English.

Data Extraction
For each included study, two authors reviewed and 

extracted following data: author name, year of study, 
country of study, type of study, sample size, type of cancer, 
type of specimen, type of method used and results of the 
study are reported numerically and as a percentage. 

Ethical Review and Reporting
Given that this systematic review study used the 

results of others studies and did not use directly human 
samples or animal, therefore was not submitted for any 
ethical approval. This study is reported according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement.

Results

Literature Search
The article selection flowchart is shown in Figure 1. 

Initially, 584 articles were selected from three databases 
by searching for the relevant keywords, and after 
removing the duplicate items, 341 articles remained. 288 
articles were excluded due to irrelevance to the subject 
by reviewing the titles and abstracts of the articles by 
three reviewers. 24 articles removed due to unclear data 
and non-relevant records. The remaining 29 articles 
were reviewed in full text, of which 16 articles used PCR 
methods, 8 articles used serological method, 9 articles 
used immunohistochemistry (IHC) method, 4 articles 
used in situ hybridization (ISH) techniques and 7 articles 
employed the mentioned techniques in combination. 
In addition, Tables 1 to 3 provides information such as 
techniques used, type of tissue studied, target gene studied, 
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Serology of CMV Infection for Breast Cancer
Out of a total of studies, serological methods have 

been used in 8 studies. Of all serology studies, 8 studies 
examined anti-CMV IgG, 5 studies examined anti-CMV 
IgM, and 5 studies examined both antibodies. The level of 
anti-CMV IgG was higher than anti-CMV IgM in all 
studies and also the level of antibodies was higher in 
cancer samples than normal samples. The prevalence 
range of anti-CMV IgG was 70 to 100% and anti-CMV 
IgM was 0 to 76.7% in cancer samples and 90 to 100% 
for anti-CMV IgG and 0 to 57% for anti-CMV IgM in 
normal samples. The highest prevalence of anti-CMV 
IgG was from Iraq, Egypt and India and for anti-CMV 
IgM were from Iraq and Australia. The lowest level of 
anti-CMV IgG was observed in studies related to New 
Zealand and India and for anti-CMV IgM was observed 
in studies related to Egypt and India.

Detection of CMV Infection by IHC and ISH
The use of methods other than PCR, Real-time PCR, 

reporting countries, number of breast cancer cases, and 
cases of breast cancer and normal samples that were 
positive for the CMV.

Detection of CMV Infection by PCR
Out of 16 studies, 7 studies used PCR method, 7 

studies used Real-time method and 2 study used Nested 
PCR method. Different samples including fresh tissue, 
FFPE, and blood were evaluated by PCR methods 
for the presence of virus genome. In all studies that 
observed the presence of CMV genome in the samples, 
the prevalence of CMV genome in cancer samples was 
higher than normal samples. Virus detection was reported 
from 0 to 87% in cancer samples and from 0 to 82% in 
normal samples. The highest rate of virus detection in 
cancer samples was reported in the study of Al.Baiati et al, 
In Iraq and the lowest prevalence of the virus was reported 
in Sudan, Australia, Iran and New Zealand. Most of the 
studies related to PCR method are related to Iran, so that 
out of 16 studies, six studies have been done in Iran.

Gene Type of 
Tissue

Test Studies Cases Controls Significant 
Correlation

No. No. Positivity No. No. Positivity

Positive Tested Positive Tested

IE FFPE PCR Aidrous et al, 
2019, Sudan. [12]

0 42 0 0 18 0 No

gB FFPE PCR Sepahvand et al, 
2019, Iran. [13]

20 37 54.04 10 35 28.5 Yes

Fresh Real-time PCR El Shazly et al, 
2018, Egypt. [14]

11 61 18 0 61 0 Yes

FFPE

FFPE Real-time PCR Shadood et al, 
2018, Iraq [15]

5 80 6.25 1 20 5 No

gB FFPE PCR Bakhtiyrizade et al, 
2017, Iran [16]

0 150 0 2 150 1.3 No

Real-time PCR

IE FFPE Real-time PCR Mohammadizadeh et al, 
2017, Iran [17]

0 70 0 0 26 0 No

gB formlin-
fixed

Nested PCR Karimi et al, 
2016, Iran [18]

26 50 58 - - - Yes

DNA 
polymerase

Fresh Quantitative real
time PCR

Mohammed et al, 
2015, Iraq [19]

9 50 23.7 - - - Yes

pp65 Fresh quantitative PCR Richardson et al, 
2015, New Zealand [20]

0 70 0 2 70 3 No

UL55 Blood PCR Al.Baiati et al, 
2014, Iraq [21]

26 30 87 41 50 82 Yes

UL97 20 30 67 33 50 66

gB Fresh PCR Ahani et al, 
2013, Iran [22]

15 23 65.2 - - - Yes

UL122 and 
UL83

paraffin Real-time PCR Barillas et al, 
2013, Mexican [23]

2 27 7.4 0 20 0 No

Fresh Real-time PCR Antonsson et al, 
2012, Australia [24]

0 54 0 - - - No

Paraffin PCR Eghbali et al, 
2012, Iran [25]

2 24 8.3 0 24 0 No

gB FFPE Nested-PCR Harkins et al, 2010, 
Birmingham [26]

4 8 50 1 4 25 Yes

IE2 Fresh PCR Tsai et al, 2005, 
Taiwan [27]

47 62 76 8 12 67 Yes

Table 1. Comparison of CMV Positivity between Breast Tumor Tissue and any Controls by PCR Methods
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and ELISA that included IHC and ISH accounted for 
13 of the total studies. There were fewer studies using ISH 
method than the other methods, so that among the total 
studies, in 4 studies ISH method and 9 studies IHC method 
was used. The results of using these methods showed 
a higher prevalence of virus in cancer samples than 
normal samples. Detection of virus antigens employing 
IHC in cancer and normal samples was reported to be 0 
to 100%, while the rate of ISH was 40 to 100% and 0 to 
67%, respectively. The highest prevalence of the virus 
was reported in Norway using IHC and ISH. These two 
techniques are widely used in different studies, especially 
from conducted investigation in Iraq.

Discussion

In this systematic review, we tried for the first time 
to examine the prevalence of HCMV in breast cancer. 
Among the 29 studies that were finally reviewed, 
the prevalence of CMV in breast cancer samples in studies 
that used PCR methods was between 0 and 87% (Table 1). 
In serological studies the seroprevalence of anti-CMV IgG 
and IgM was between 70-100% and 0-76.7% respectively 
(Table 2), and in other studies that served methods like 
IHC and ISH, the prevalence of the CMV was reported 
to be 0-100% and 40-100%, respectively (Table 3). In all 
studies that examined the prevalence of CMV in both 
cancer and healthy groups, the results indicated that 
the virus had higher frequency in tumor versus normal 
samples (Table 1-3). 

Due to the advantages of PCR-based methods including 
conventional PCR. Real-time PCR, and Nested-PCR, they 
were the most widely used methods in these studies, so 
that 16 studies from a total of studies served these methods 

(Table 1). The advantages of these methods include 
the sensitivity and rapidity of virus antigens detection 
than other methods, applicable for archived samples, 
the ability to detection virus antigens and its genome in 
various samples such as whole blood, leukocytes, plasma, 
body fluids (urine, CSF, BAL) or any other tissue (tissue 
biopsy samples) [41-42]. Although the Real-time PCR 
is more expensive than the antigen detection methods, 
it is faster and more automated and provides continuous 
monitoring of patients who are at risk of CMV for 
prophylactic treatment and determination of response 
to treatment [43]. Lack of distinction between active 
and inactive infections is one of the most important 
limitations of PCR-based methods [44], which causes 
other methods such as serology to be used in some of 
studies, as almost one third of the studies in this research 
have used serological methods such as ELISA (Table 2). 
Advantages of ELISA comprising of simplicity, cheapness 
and ability of determining the history of infection 
(early or late) make this method suitable for evaluating 
the presence of virus [42]. However, the less sensitivity 
and higher false results convinced some researchers to use 
other methods such as IHC or ISH to assess the presence of 
the virus [45]. Of the 29 studies reviewed, 13 studies used 
IHC or ISH techniques (Table 3). Since techniques such 
as IHC is the gold standard for the identification of CMV 
antigens presence in fresh tissue and FFPE, some of our 
studies served these techniques to accurately investigate 
the presence of viral antigens in malignant epithelial cells 
or non-epithelial cells [46]. 

Investigations have shown that all viral antigens are 
not required for tumorigenesis. CMV immediately early 
antigen (IE Ag) is known to be necessary for regulating 
the expression of other viral genes, replication, and cell 
transformation, therefore, in most studies, IE Ag has been 

Figure 1. Flowchart of Systematic Literature Search and Article Selection
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evaluated as a target antigen by IHC [47-48]. In addition, 
this Ag, along with glycoprotein B or UL55, were the 
most widely used genes in evaluation of CMV genome 
presence by PCR methods (Table 1, 3). Glycoprotein B is 
considered as a virus ligand and essential for infectivity of 
virus [49]. Glycoprotein B nucleotide sequence is highly 
conserved, explaining its utilization as a detection target 
in various studies [49]. Although these studies have 
evaluated the virus in a variety of tissues, including fresh, 
FFPE, and blood, the major part of virus detection using 
this gene was reported in blood and fresh tissue [21-22].

In serological studies, among the all anti-CMV 
antibodies, the IgG and IgM were evaluated as a major 
indicator for viral presence (Table 2). The prevalence of 
anti-CMV IgG was examined in all serological studies, 
but the prevalence of anti-CMV IgM was examined 
only in three-quarters of studies along with anti-CMV 
IgG (Table 2). The results of studies showed a very high 
prevalence of anti-CMV IgG in both cancer and normal 
groups compared to the serum prevalence of anti-CMV 
IgM (Table 2). Due to the higher prevalence of anti-CMV 
IgG and especially anti-CMV IgM in the cancer group than 
the normal group (Table 2), serological studies suggest the 
probable role of the CMV in the development of breast 
cancer (Table 2). Since anti-CMV IgM can be present in 
both recent infection and viral reactivation which shows 
non-specificity for primary infection, the possibility of 
false positive results, and its inefficiency in the cases of 
immunocompromised patients, is not proposed as a highly 
useful indicator of virus infection [42]. On the other 
hand, anti-CMV IgG, which indicate previous exposure 

with the virus, can considered as a good indicator for last 
presence of HCMV infection [42].

Among serological studies, the highest prevalence of 
anti-CMV IgG has been reported in Asian countries such 
as Iraq, India, and African countries such as Egypt, as well 
as the highest prevalence of anti-CMV IgM was related 
to Iraq (Table 2). The highest viral detection rate based 
on PCR techniques was related to Asian countries such 
as Iraq, Iran (Zabul) and Taiwan (Table 1). The highest 
prevalence of the virus detection in tissue samples by 
means of IHC and hybridization methods was reported 
from Asian countries such as Iraq and China and European 
countries including Norway and the Birmingham, as well 
(Table 3). In general, the results obtained from different 
methods illustrate the high prevalence of CMV in Asian 
and African countries and its relatively lower prevalence 
in European and South American countries (Table 1-3). 
Since the prevalence of this virus directly depends on 
environmental factors such as social and economic 
conditions and even the cultural traditions, many studies 
have reported that low income and social status in third 
world countries is related to the higher prevalence of CMV 
[50-52]. For example, in areas such as Iraq, where families 
have a population of more than three, the prevalence of 
anti-CMV IgG and IgM determined to have an increasing 
trend [50]. 

The comparative analysis demonstrates the studies 
which employed serological and IHC methods identified 
higher presence of infection than PCR methods (Table 1-3). 
In this line it should be mentioned that sometimes even 
in CMV-positive tumor samples, many tumor cells do 

Ig Test Studies Cases Controls Significant
Correlation

No. No. Positivity No. No. Positivity

Positive Tested Positive Tested

IgG ELISA Salman et al, 
2020, Iraq. [28]

67 71 94.3 19 20 95 Yes

IgG Indirect 
chemi-luminescent 

immunoassay

Surendran et al, 
2019, India. [29]

88 88 100 42 42 100 No

IgM 0 88 0 0 42 0

IgG ELISA Al Nuimi et al, 
2018, Iraq. [30]

60 60 100 9 10 90 Yes

IgM 5 60 8.3 0 10 0

IgG ELISA El Shazly et al, 
2018, Egypt. [13]

40 40 100 41 41 100 Yes

IgM 0 40 0 0 41 0

IgG ELISA Mohammed et al, 
2015, Iraq. [31]

30 30 100 30 30 100 Yes

IgM 23 30 76.7 15 30 50

IgG Standard enzyme 
immunoassays

Richardson et al, 
2015, New Zealand. [20]

49 70 70 - - - Yes

IgG ELISA Al-Saady et al, 
2014, Iraq. [32]

30 30 100 91 98 93 Yes

IgM 18 30 60 12 98 12

IgG Enzyme 
immunoassays

Richardson et al, 
2004, Australia. [33]

122 208 59 97 169 57 Yes

Table 2. Comparison of CMV Positivity between Breast Tumor Tissue and any Controls by Serologic Methods
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not contain the virus genome. This may be explained by 
specific event during the carcinogenesis. The findings 
suggest the role of two mechanisms of hit-run and 
oncomodulation. Oncomodulation defines as the 
mechanism of enhancing cellular malignancy following 
CMV infection [53]. This mechanism is carried out 
through specific CMV proteins including IE, US28, 
pp65, and ul44 which disrupts signaling pathways, 
transcription factors and tumor suppressor proteins in 
the epithelium of tumors and participates in increasing 
mutations, angiogenesis and facilitates the immune system 
evasion for tumor progression [11]. The ‘hit and run’ 
hypothesis is suggested as a main mechanism involved in 
viral transformation. In “hit-and-run” hypothesis, the virus 
can exert its long-term effect on cellular process to drive 
transformation when viral genomes are not present, 
supporting the importance of last exposure with viral 
infections [54].

In the case of anti-CMV therapies, as a result of 
virus ability in establishing latency in infected cells, no 
definitive treatment has been proposed for the infection 
[10]. However, the findings of previous studies in CMV-
associated gliomablastoma provided promising results that 
have been achieved by targeting CMV in these patients 

using the therapies including the drug of valganciclovir, 
DC vaccine, and anti-HCMV targeted T cell therapy 
[10]. Some investigations introduce the utilization of 
a combination of therapies that induce the expression of 
viral lytic phase genes and expose the virus-containing 
tumor cells, is the best treatment strategy for herpesviruses 
in their latency form [10]. 

In conclusion, collectively, the majority of studies 
highlighted the possible role of CMV in developing breast 
carcinoma. Reviewing of all data showed the prevalence 
rate of CMV in patients with breast cancer is higher in 
low-income and third world countries than developed 
countries, proposing CMV prevalence may be affected 
by socio-economic status and environmental factors. 
The survey of methodology represents each technique 
has different sensitivity, specificity, and reliability in 
comparison with others. The characteristic of CMV 
in establishing latent form of infection is a significant 
ongoing limitation for anti-CMV therapies and the future 
investigation should focus on finding a promising solution 
for this issue.

Ag Test Studies Cases Controls Significant 
Correlation

No. No. Positivity No. No. Positivity

Positive Tested Positive Tested

IE Immunohistochemistry Costa et al, 
2019, Norway. [34]

55 75 73 2 26 8 Yes

Early 
Ag

Immunohistochemistry Al Nuimi et al, 
2018, Iraq. [35]

56 60 93 2 10 20 Yes

Late Ag 37 60 61.7 7 10 70

IE Immunohistochemistry Cui et al, 
2018, china. [36]

62 68 92.6 70 146 47.9 Yes

LA 62 68 92.6 78 146 53.4

E/IE Immunohistochemistry El Shazly et al, 
2018, Egypt. [13]

21 61 34 0 61 0 Yes

PP65 49 61 80 15 61 25

IE immunohistochemistry Mohammadizadeh et al, 
2017, Iran. [16]

0 70 0 0 26 0 No

IE Immunohistochemistry Rahbar et al, 
2017, Norway. [37]

62 62 100 42 42 100 Yes

L 46 62 75 28 42 68

Late Ag Immunohistochemistry Ahmed et al, 
2016, Egypt. [38]

47 107 43.9 - - - Yes

IE1 Immunohistochemistry Mohammed et al, 
2015, Iraq. [31]

34 38 89.5 3 30 10 Yes

L 35 38 92.1 0 30 0

IE1/2 immunohistochemistry Harkins et al, 
2010, Birmingham. [26]

38 39 97 24 38 63 Yes

Ultra- sensitive version of 
chromogenic in situ hybridization

Alajeely et al, 
2019, Iraq. [39]

8 20 40 0 20 0 Yes

Ultra- sensitive version of 
chromogenic in situ hybridization

Ali et al, 
2018, Iraq. [40]

17 30 56.7 0 15 0 Yes

In situ hybridization Rahbar et al, 
2017, Norway. [37]

23 23 100 - - - Yes

IE1 In situ hybridization Harkins et al, 
2010, Birmingham. [26]

16 18 89 11 18 61 Yes

Table 3. Comparison of CMV Positivity between Breast Tumor Tissue and any Controls by IHC and ISH
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