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Background: Oncogenic viruses, their possible association with breast cancer (BC) and 
effect on its clinical course are interesting issue. The present study evaluates the presence of 
human papillomavirus (HPV), EpsteinBarr virus (EBV), and human mammary tumor virus 
(HMTV) in BC and their relation with clinico-pathological characteristics.
Patients and Methods: This study was conducted on 80 Egyptian women with BC and 30 
control women without known oncological disease. Forty formalin-fixed paraffin-embedded 
(FFPE) tissues, forty fresh tissue samples, and white blood cells (WBCs) of BC patients and 
WBCs of controls were subjected to a qualitative polymerase chain reaction (PCR). 
Quantitative real-time PCR was used to measure viral loads in fresh tissues of BC. The 
result was correlated with clinico-pathological characteristics of BC.
Results: HPV was detected in 33 (41.25%), EBV in 30 (37.5%) and HMTV in 33 
(41.25%) BC patients. None of the control women was positive for HPV or EBV while 
HMTV was detected in 7 (23.3%). Among 40 BC WBCs specimens, HPV/HMTV were 
found together in 25%, followed by EBV/HMTV in 2.5% and EBV/HPV in 2.5%. However, 
the three viruses (HPV/EBV/HMTV) were found together in only 5%. In the 40 fresh BC 
tissues, the three viruses were found together in 12 (30%), EBV/HMTV in 7 (17.5%), HPV/ 
HMTV in 4 (10%), and HPV/EBV in 4 (10%). EBV, HMTV, or multiple viral infections were 
associated with younger age of BC women. HPV, EBV, and HMTV median loads in fresh 
tissues were 4.8×103 copies/μL, 6.3×103 copies/μL, and 97 copies/μL, respectively.
Conclusion: WBCs could be a more suitable specimen instead of fresh tissue for HMTV 
detection in BC patients to avoid invasive procedures. The presence of HPV, EBV, and 
HMTV together in Egyptian women with BC was significantly associated with younger age.
Keywords: HPV, EBV, HMTV, young age, breast cancer, quantitative real-time PCR, viral 
load

Introduction
New breast cancer (BC) cases among Egyptian females in 2020 were 22,038, repre
senting 32.4% among other cancer types with 10.3% deaths.1 Human Papillomavirus 
(HPV), EpsteinBarr virus (EBV), and Human Mammary Tumor virus (HMTV) were 
suggested to have a possible relationship to BC.2,3 Simões and co-workers4 summar
ized 29 studies including 2211 breast tissue samples from different geographical 
regions. They found that 23% of BC patients had HPV DNA. Besides, HMTV was 
reported in a wide range (0–78%) of numerous populations with BCs.5 Prevalence 
range of EBV infection among BC cases of 26 countries was 0–78.12%.6
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Individuals with BC may become immune-compromised 
due to BC disease itself or chemotherapy and radiotherapy. 
Hence, they might be more vulnerable to viral infections that 
can aggravate the disease.7 For example, HPV Early 6/Early 7 
(E6/E7) oncoproteins can convert non-invasive and non- 
metastatic BC cells into invasive and metastatic forms.8 Also, 
the presence of HPV in BC patients was associated with 
increased inflammatory cytokines, tumor progression,9 and 
younger age.10 HMTV showed higher positivity in patients 
with advanced (grade 3) BC disease11 and was correlated with 
estrogen and human epidermal growth factor receptor 2 (her2/ 
neu) expression and metastasis in these patients.12 Many stu
dies have reported an association of EBV with lymph node 
metastasis and more aggressive behavior of the tumor.13–15 

Moreover, HPV, EBV, and MMTV presence was previously 
reported to be associated with increased-grade in human 
BCs.16

It was previously reported that HMTV could be detected 
together with HPV and EBV in the same BC cells.16 Therefore, 
HPV, EBV, and HMTV alone or together in the same BC 
patient were highly suggested to cause BC disease aggressive
ness. Limited reports from the Arab world on the co- 
prevalence of HPV, EBV, and HMTV and their clinical rele
vance in BC patients were found. The different reviewed 
literature included HPV and EBV together. Still, they did not 
investigate their co-prevalence with HMTV or their association 
with clinico-pathological characteristics of BC disease, such as 
studies conducted on Syrian BC women17 and Egyptian BC 
women.18,19 In addition, another study detected HPV, EBV, 
and HMTV in Egyptian BC women, but it did not investigate 
their association with clinico-pathological characteristics 
of BC disease.20

BC disease management and understanding its beha
vior requires extensive study of the association between 
environmental factors that may affect the pathogenesis 
of BC disease (especially viral infection) and their asso
ciation with patient’s clinico-pathological parameters. The 
current study aimed to evaluate the frequency of HPV, 
EBV, and HMTV alone or together in different samples 
of BC disease and their association with some clinical and 
pathological characteristics as a possible indicator of BC 
patients at a higher risk to develop severe disease.

Patients and Methods
Patients
This study was conducted on 80 BC patients diagnosed 
and treated at the medical oncology department, National 

Cancer Institute (NCI), Cairo University, between 
July 2018 and June 2020. Thirty normal control women 
without known oncological disease and with comparable 
age were included as a control group. The Institutional 
Review Board (IRB) of the NCI approved the protocol 
IRP NO. (201819039.3). Informed consent was taken from 
all participants who joined the study. Women suffering 
from BC and who had not received any chemotherapy 
treatment before surgery were the inclusion criteria.

Collection of Patients’ Data
The patients’ data were collected from their medical files 
kept in the biostatistics and epidemiology department, 
NCI, Cairo University. Data extracted were age at diag
nosis, family history of BC, diagnosis, lymph node metas
tasis, tumor size, histologic grade, laterality, hormonal 
receptor status including estrogen receptor (ER), proges
terone receptor (PR), and human epidermal growth factor 
receptor 2 (HER2). Histologic type and histological grade 
were evaluated consistently with the previous 
protocols.21,22

Specimen Collection
Five mL of whole blood and 250 mg of fresh tissues were 
collected from 40 BC patients. In addition, 250 mg of 
formalin-fixed and paraffin-embedded (FFPE) tissue were 
collected from another 40 BC women. Five mL of whole 
blood were obtained from 30 controls. Tissue analysis was 
limited to core biopsies only. White blood cells (WBCs) 
were separated from blood samples according to the pre
viously published protocols23,24 while processing, tissues, 
and WBCs were stored at −80°C.

Nucleic Acid Extraction
Viral DNAs were extracted from WBCs using QIAamp viral 
RNA extraction kit (Qiagen, Valencia, USA), which can 
extract both viral DNAs and RNAs. Genomic DNAs were 
extracted from fresh and FFPE tissues using Gene JET 
Genomic DNA Purification Kit (Thermo Scientific, Inc, 
USA) and QIAamp DNA FFPE Tissue Kit (Qiagen, 
Valencia, USA), respectively, according to the manufacturer’s 
instructions. A Nano-Drop 2000 spectrophotometer (Thermo 
Scientific/US, Canada) was used to assess the quality and 
quantity of isolated viral and total genomic DNAs. 100 ng of 
DNA templates were used in each Polymerase chain reaction 
(PCR) assay. DNA extracts were stored at −80 °C till further 
analysis.
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Molecular Detection of Viral DNAs
Every feasible precaution was taken to avoid contamination 
of the analyzed samples whether in qualitative or quantita
tive PCR assays. These precautions included work in sepa
rate areas with a one-way direction using appropriate 
personal protective equipment (PPE) for; sample processing, 
pre-amplification, and post-amplification. Besides, all the 
used equipment and surfaces were continuously de- 
contaminated, all samples were stored separately from kits 
and reagents. Also, precautions like dispensing reagents into 
aliquots, using pipettes with barrier tips, and changing 
gloves before dealing with any of the samples, were imple
mented. Finally, the result was validated and reported after 
validating positive and negative controls.

Qualitative PCR
All extracted DNAs from patients (FFPE tissues, fresh tis
sues and WBCs) and controls (WBCs) were subjected to 
qualitative conventional PCR assay targeting HPV Late 1 
(L1) region detection, EBV Bam H1W region detection, and 
HMTV envelope (env) gene detection. The amplification 
was conducted in a final volume of 25 μL of 1X AmpliTaq 
PCR master mix (Biosystems, Barcelona, Spain) and 0.2 μM 
of both forward and reverse primers for each virus, using 
thermal cycling block (Applied Biosystems™ ProFlex™ 
PCR System, USA). Nuclease-free water was used to 
make up the volume. Primers used in the molecular assays 
are presented in Table 1. The PCR reaction amplification 
conditions for HPV, EBV, and HMTV were carried out 
according to previously published protocols.25–28

PCR reaction mixture without template DNA was used 
as a negative control sample in each PCR run. EBV 
(American Type Culture Collection (ATCC®) VR- 
1492™) was used as a positive control for EBV. HPV & 

HMTV DNAs were extracted in NCI virology laboratory 
from Michigan Cancer Foundation-7 (MCF7) cells28–30 

(ATCC® HTB-22™) obtained from Egyptian Holding 
Company for Biological Products & Vaccines 
(VACSERA) using the same extraction procedure for sam
ples. HPV positive control was confirmed as HPV type 18 
by PCR using a linear array HPV genotyping kit (Roche 
Diagnostics, Indianapolis, IN, USA).

Seventeen μL of each PCR product were electrophor
esed on a 2% agarose gel (Sigma) in Tris-acetate buffer 
(TAE 1X) and then stained with 0.5 μg/mL ethidium 
bromide, examined under Ultra Violet (UV) transillumina
tion and photographed. The product sizes were compared 
against 100 bp DNA ladder (Genedirex, Taiwan).

Specificity of qualitative PCR for detection of HPV, 
EBV, and HMTV DNAs was performed by testing samples 
positive for the following viruses; Herpes Simplex Virus 1 
(HSV1), Herpes Simplex Virus 2 (HSV2), Adenovirus 
(Adv.), HMTV, HPV, Cytomegalovirus (CMV) and EBV, 
according to the tested virus. Then, qualitative PCR assay 
was performed according to the previously published 
protocols.25–28

Quantitative Real-Time PCR
HPV, EBV, and HMTV viral loads were measured in fresh 
tissues by a quantitative real-time detection system 
(Applied Biosystems 7500 Fast Real-Time PCR system 
Thermal Cycling Block, USA). The amplification was 
conducted in a final volume of 25 μL containing 1X 
Qiagen Sybrgreen® PCR Master Mix kit (Qiagen, 
Valencia, USA), 0.2 μM of each forward and reverse 
primer for each virus, and 100ng of extracted DNA. 
Nuclease-free water was used to make up the volume. 

Table 1 Sequences of Primers Used for Human Papillomavirus (HPV), EpsteinBarr Virus (EBV) and Human Mammary Tumor Virus 
(HMTV) by Both Qualitative and Quantitative Polymerase Chain Reaction (PCR)

Virus GenBank Accession 
Number

Sequences (5ʹ-3ʹ) Nucleotide 
Position

Amplicon 
Size

References

HPV NC_001357.1 (MY11): 5ʹ-CGT CCM ARR GGA WAC TGATC-3’ On HPV 18: 6559 
to 7013

450 bp [25]

(MY09): 5ʹ-GCM CAG GGW CAT AAY AATGG-3’

EBV NC_007605.1 (EB1): 5ʹ-CAC TTT AGA GCT CTG GAG GA-3’ 17,098 to 17,250 153 bp [26]

(EB2): 5ʹ-TAA AGA TAG CAG CAG CGC AG-3’

HMTV K00556.1 (2N): 5ʹ-CCT ACA TCT GCC TGT GTT AC-3’ 1386 to 1640 254 bp [28]

(3N): 5ʹ-ATC TGT GGC ATA CCT AAA GG-3’
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Thermal cycling was performed as mentioned before in 
qualitative PCR assay.

Threshold cycle (Ct) value was detected for each sample, 
and viral load was calculated. Post amplification melting 
temperature (Tm) analysis, together with gel electrophoresis, 
clearly differentiated nonspecific PCR products from the 
HPV, EBV, or HMTV specific product sequences. Standard 
curves were constructed using 10-fold serial dilutions (10 to 
106 copies/μL) of HPV, EBV, or HMTV positive controls 
with known concentrations of 300 FG of extracted DNA 
equivalent to one copy of viral DNA.

Statistical Methods
Sample size calculation: the total number of cases that 
attended NCI with BC was estimated to be 2500 per year. 
A previous study conducted in Egypt by El-Sheshtawy 
et al (2017)31 indicated that the overall prevalence of 
HPV in malignant breast tissue was 16.7%. For a two- 
sided 95% confidence interval for a single proportion 
based on these criteria, the minimum required sample 
size to evaluate the practice was 54 cases with a 10% 
margin of error. To compensate for possible loss, the 
sample increased by 10%. Therefore, a sample of 60 
cases was estimated. The sample size was calculated 
using the n-Query statistical package.32

Statistical analysis was done using IBM SPSS® 

Statistics version 22 (IBM® Corp., Armonk, NY, USA). 
Qualitative data were expressed as frequency and percen
tage. Pearson’s Chi-square test or Fisher’s exact test was 
used for examining the relationship between qualitative 
variables. Kappa test was used to evaluate the agreement 
of detection of viruses in fresh tissues and WBCs. 
Numerical data were expressed as mean and standard 
deviation or median and range. Comparison between two 
groups for numerical variables was made using either the 
Student-t-test or Mann–Whitney test according to distribu
tion. A p-value< 0.05 was considered significant.

Result
Clinico-Pathological Findings
All studied BC patients (n=80) had a unilateral BC. Out 
of eighty BC patients, 34 (42.5%) were familial BC, 
including 24 BC patients with blood samples. 
Regarding BC disease characteristics, all BCs were diag
nosed as invasive carcinoma (lobular or ductal), and 75/ 
80 (93.8%) were classified as grade II tumors. The med
ian tumor size was 2.5 cm, and the most observed was 

positivity for ER and PR hormonal receptors expression 
as observed in 70/80 (87.5%) and 72/80 (90%) of BC 
patients, respectively. Lymph node metastasis was found 
in 47/80 (58.8%) of patients. All pathological findings 
of BC patients are summarized in Table 2.

The mean age of the 80 BC patients was 41.3±9.2 years 
and 39.9±11.2 for the healthy controls, P=0.207. The 
forty BC women (with blood samples) and 30 control 
women were age-matched with no statistical difference 
(P=0.591). Besides, the two subgroups (FFPE and fresh 
tissue samples) of BC patients were comparable in age with 
a mean (38.6±6.7 years vs 41.3±9.2, respectively, P=0.140).

Presence of HPV, EBV and HMTV DNAs 
in Studied Groups as Detected by 
Qualitative PCR Assay
Taking all 80 BC women, HPV and HMTV were the most 
frequent viruses detected in BC specimens (33/80, 41.25%), 
followed by EBV (30/80, 37.5%) (Table S1). The detection 

Table 2 Pathological Findings of Breast Cancer (BC) Patients

Pathological 
Parameters

BC Group BC Group Total BC 
Group

N=40 N=40 N=80

(Fresh Tissues 
and WBCs) 

N (%)

(FFPE 
Tissues) 

N (%)

N (%)

Tumor size

Median 2.5 cm 2.5 cm 2.5 cm

(range) (1.5–8.5) cm (0.7–5.5) cm (0.7–8.5) cm

>2.5 cm 19 (47.5%) 20 (50%) 39 (48.8%)

≤2.5 cm 21(52.5%) 20 (50%) 41(51.2%)

Lymph node metastasis

Positive 19 (47.5%) 28 (70%) 47 (58.8%)

Negative 21 (52.5%) 12(30%) 33(41.3%)

Hormonal 

receptors

ER

Positive 35 (87.5%) 35 (87.5%) 70 (87.5%)

Negative 5 (12.5%) 5 (12.5%) 10 (12.5%)

PR

Positive 35 (87.5%) 37 (92.5%) 72 (90%)

Negative 5 (12.5%) 3 (7.5%) 8(10%)

HER2

Positive 22 (55%) 17 (42.5%) 39 (42.5%)

Negative 18 (45%) 23 (57.5%) 41 (51.2%)

Abbreviations: N, number; WBCs, white blood cells; FFPE, formalin fixed paraffin 
embedded; ER, estrogen receptor; PR, progesterone receptor; HER2, human epi
dermal growth factor receptor 2; cm, centimeter.
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of HPV, EBV, and HMTV DNAs, was significantly lower in 
FFPE tissues than in fresh tissue samples of BC patients. 
Therefore, data of FFPE tissues were not included in further 
analysis. Data are demonstrated in Table 3.

Regarding WBCs of BC patients and controls, HPV, 
EBV, and HMTV DNAs were detected in 40%, 10%, and 
57.5% of BC patients, respectively. Only HMTV was 
detected in 23.3% of healthy controls. Comparison of 
presence of viruses between BC and healthy control 
women showed P values of <0.001 and 0.004 for HPV 
and HMTV, respectively (Table S2).

Agreement of Viral Detection Between 
Fresh Tissues and Corresponding WBCs 
of 40 BC Women
The presence of HPV, EBV, and HMTV DNAs in fresh 
tissue alone, WBCs alone, or in both fresh tissues and 
WBCs, were analyzed to investigate the agreement 
between these two sample types (Table 4). HMTV was 
present in both fresh tissues and their corresponding 
WBCs of 21 (52.5%) BC patients with a moderate statis
tical agreement between fresh tissue and WBCs 
(Kappa=0.521, P= 0.001). However, there was no statisti
cal agreement between fresh tissue and corresponding 
WBCs for the presence of HPV or EBV.

Prevalence of Single and Multiple 
Infections with HPV, EBV, and HMTV in 
Fresh Tissue and WBCs Samples of 
40 BC Women
According to qualitative PCR assay, patients were divided 
into two groups; patients positive for single viral DNA 
(HPV, EBV, or HMTV) and patients positive for 2 or 3 
viral DNAs.

Regarding fresh tissues, single viral DNA was 
detected in 5 (12.5%) BC patients, while multiple infec
tions were detected in 27 (67.5%) of the same group of 
patients. Regarding WBCs, single viral DNA was 
detected in 13 (32.5%) BC patients, while multiple 
infections were detected in 14 (35%) of the same 
group of patients.

The most frequent multiple infections present in the 
fresh tissues of BC patients were HPV/EBV/HMTV 
together found in 12 (30%) out of 40 patients, followed 
by EBV/HMTV together in 7 (17.5%) patients. 
Moreover, HPV/HMTV DNAs together were present in 
4 (10%) patients and HPV/EBV in 4 (10%) patients. 
HMTV DNA was the only virus present alone in 5 
(12.5%) BC fresh tissues, and no HPV or EBV existed 
alone in any of the fresh tissue samples, as shown in 
Figure 1.

Regarding the presence of multiple viruses in WBCs 
of BC patients, HPV/EBV/HMTV DNAs together were 
found in only 2/40 (5%). The most frequent viruses that 
were present in co-infection, were HPV/HMTV (n=10, 
25%) followed by EBV/HMTV (n=1, 2.5%) and EBV/ 
HPV (n=1, 2.5%). HMTV was the predominating single 
virus (n=10, 25%) and then HPV (n= 3, 7.5%). No EBV 
existed alone in any of the WBCs of studied BC 
patients, as shown in Figure 2.

Specificity of HPV, EBV, and HMTV 
Primer Sequences Used for Qualitative 
PCR Assay
Such assays were found to be highly specific for the HPV 
L1 region, EBV Bam H1 W region, and HMTV env 
sequence as none of the other tested viruses was amplified.

Table 3 HPV, EBV, and HMTV Frequency in FFPE Tissue and 
Fresh Tissue Samples of 80 BC Patients

Virus Detected FFPE Tissue Fresh Tissue P value

(N=40) (N=40)

N (%) N (%)

HPV 7 (17.5%) 20 (50.0%) 0.002

EBV 7 (17.5%) 23 (57.5%) <0.001
HMTV 3 (7.5%) 28 (70.0%) <0.001

Notes: P-value >0.05 not significant, p-value <0.05 significant. 
Abbreviations: N, number; FFPE, formalin fixed paraffin embedded.

Table 4 Agreement of Viral Detection Between Fresh Tissues 
and Corresponding WBCs of 40 BC Women

Type of Fresh Sample BC Patients N=40
N (%)

HPV EBV HMTV

Fresh tissue alone 10 (25.0%) 19 (47.5%) 7 (17.5%)

WBCs alone 6 (15.0%) 0 (0%) 2 (5.0%)

Both fresh tissue and WBCs 10 (25.0%) 4 (10.0%) 21 (52.5%)

None 14 (35.0%) 17 (42.5%) 10 (25.0%)

Kappa* 0.200 0.152 0.521

P value 0.197 0.070 0.001

Notes: P-value >0.05 not significant, p-value <0.05 significant. *Kappa is a test for 
agreement between two sample types where 0.4 or more means agreement. 
Abbreviation: N, number.
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HMTV alone
12.5%

HPV alone
0%

EBV alone
0%

HPV & HMTV
10%

HPV & EBV
10%

EBV & HMTV
17.5%

HPV, EBV & 
HMTV
30%

All negative, 20%

Figure 1 Detection of single and multiple HPV, EBV and HMTV infection among 40 BC fresh tissue samples. HPV/EBV/HMTV together found in 30%, followed by EBV/ 
HMTV in 17.5%, HPV/HMTV in 10%, and HPV/EBV in 10%. HMTV DNA was the only virus present alone in 12.5% of BC fresh tissues.

HMTV alone
25%

HPV alone
7.5%

EBV alone
0%

HPV & HMTV
25%HPV & EBV

2.5%

EBV & HMTV
2.5%

HPV, EBV & 
HMTV

5%

All negative 
32.5%

Figure 2 Detection of single and multiple HPV, EBV and HMTV infection among 40 BC WBCs samples. HPV/EBV/HMTV DNAs together were found in only 5%. The most 
frequent viruses present in co-infection were HPV/HMTV in 25% followed by EBV/HMTV in 2.5% and EBV/HPV in 2.5%. HMTV was the predominating single virus present in 
25% followed by HPV in 7.5%.
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Relations Between Presence of Viral 
DNAs and Some Clinico-Pathological 
Parameters of 40 BC Patients with Blood 
Samples
The statistical analysis showed a significant association 
between the high prevalence of EBV and HMTV DNAs 
among BC patients aged (≤45 years), P=0.015 and 0.001, 
respectively. Moreover, there was a significant association 
between the absence of Her2-neu receptor expression and 

the presence of HMTV DNA (P=0.018), as presented in 
Table 5. Also, the presence of multiple infections was 
statistically associated with younger age (≤45 years) 
of BC patients (P=0.014), as presented in Table 6.

HPV, EBV, and HMTV DNAs Viral Loads
HPV, EBV, and HMTV DNA viral loads were detected by 
quantitative real-time PCR in fresh tissue samples 
obtained from BC patients that were positive by qualitative 
PCR assay. HPV median load was 4800 copies/μL ranged 

Table 5 Relation Between Presence of HPV, EBV or HMTV Qualitative PCR and Clinico-Pathological Findings of 40 BC Patients

Factor (% Within Factor Group) Breast Cancer Patients N=40

HPV EBV HMTV

Positive Negative P value Positive Negative P value Positive Negative P value

N=20 
(50%)

N=20 
(50%)

N=23 
(57.5%)

N=17 
(42.5%)

N=28 
(70.0%)

N=12 
(30%)

Age (years)

≤ 45 (n=23) 13 (56.5%) 10(43.5%) 0.337 17 (73.9%) 6 (26.1%) 0.015 21 (91.3%) 2 (8.7%) 0.001

> 45 (n=17) 7 (41.2%) 10(58.8%) 6 (35.3%) 11(64.7%) 7 (41.2%) 10(58.8%)

BC Family history

Familial (n=24) 12 (50%) 12 (50%) 1.000 13 (54.2%) 11(45.8%) 0.601 14 (58.3%) 10(41.7%) 0.079

Non-familial (n=16) 8 (50%) 8 (50%) 10 (62.5%) 6 (37.5%) 14 (87.5%) 2 (12.5%)

Pathology

IDC (n=36) 16 (44.4%) 20(55.6%) 0.106 20 (55.6%) 16(44.4%) 0.624 24 (66.7%) 12(33.3%) 0.297

ILC (n=4) 4 (100%) 0 (0%) 3 (75%) 1 (25%) 4 (100%) 0 (0%)

Tumor grade

Grade I (n=1) 1 (100%) 0 (0%) * 1 (100.0%) 0 (0%) * 1 (100.0%) 0 (0%) *

Grade II (n=36) 16 (44.4%) 20(55.6%) 19 (52.8%) 17(47.2%) 24 (66.7%) 12(33.3%)

Grade III (n=3) 3 (100%) 0 (0%) 3 (100%) 0 (0%) 3 (100.0%) 0 (0%)

Tumor size

≤ 2.5 cm (n=21) 9 (42.9%) 12(57.1%) 0.342 10 (47.6%) 11(52.4%) 0.184 14 (66.7%) 7 (33.3%) 0.629

> 2.5 cm (n=19) 11 (57.9%) 8 (42.1%) 13 (68.4%) 6 (31.6%) 14 (73.7%) 5 (26.3%)

Lymph nodes

Positive (n=19) 8 (42.1%) 11(57.9%) 0.342 10 (52.6%) 9 (47.4%) 0.554 16 (84.2%) 3 (15.8%) 0.062

Negative (n=21) 12 (57.1%) 9 (42.9%) 13 (61.9%) 8 (38.1%) 12 (57.1%) 9 (42.9%)

Hormonal 

receptors

ER

Positive (n=35) 16 (45.7%) 19(54.3%) 0.342 20 (57.1%) 15(42.9%) 1.000 25 (71.4%) 10(28.6%) 0.627

Negative (n=5) 4 (80%) 1 (20%) 3 (60%) 2 (40%) 3 (60%) 2 (40%)

PR

Positive (n=35) 16 (45.7%) 19(54.3%) 0.342 18 (51.4%) 17(48.6%) 0.061 24 (68.6%) 11(31.4%) 1.000

Negative (n=5) 4 (80%) 1 (20%) 5 (100%) 0 (0%) 4(80%) 1 (20%)

Her2-neu

Positive (n=22) 11 (50%) 11 (50%) 1.000 12 (54.5%) 10(45.5%) 0.676 12 (54.5%) 10(45.5%) 0.018

Negative 

(n=18)

9 (50%) 9 (50%) 11 (61.1%) 7 (38.9%) 16 (88.9%) 2 (11.1%)

Notes: P-value >0.05 not significant, p-value <0.05 significant. *No p-value because of small number of cases within subgroups. 
Abbreviations: N, number; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; Cm, centimeter; ER, estrogen receptors; PR, progesterone receptors; HER2, 
human epidermal growth factor receptor 2.
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from 3.3×102 to 7×104 copies/μL. EBV median load was 
6.3×103 copies/μL ranged from 49.8 to 120×104 copies/ 
μL. In addition, HMTV median load was 97 copies/μL 
ranged from 1.2×101 to 1.3×103 copies/μL.

There was no significant association between EBV or 
HMTV viral load and any of clinico-pathological findings. 
However, HPV DNA viral load was significantly higher in 
patients ≤45 years (median: 1.2×104 copies/μL, range: 
1.7×103 to 7×104 copies/µL) than older patients (median: 
4.8 x102, range: 3.3×102 to 3.3×103 copies/μL, p <0.001).

Discussion
It was reported that some oncogenic viruses play a major 
role in the development of BC, and also their presence 
may aggravate disease outcomes.7 HPV, EBV, and HMTV 
were the most investigated in many countries.9,12,16,19,33 

However, very limited studies investigated the presence of 
EBV with HPV and HMTV as single or multiple viruses 
and their association with clinico-pathological characteris
tics of BC disease.

Table 6 Relation Between Co-Existence of Viruses and Clinico-Pathological Findings of 40 BC Patients

Factor (% Within Factor Group) Breast Cancer Patients N=40

Single Virus (HPV, EBV or 
HMTV)

Multiple Viruses (Two or Three 
Viruses)

All 
Negative

P value

N=5 (12.5%) N=27 (67.5%) N=8 
(20.0%)

Age (years) 0.014
≤ 45 (n=23) 3 (13%) 19 (82.6%) 1 (4.3%)

> 45 (n=17) 2 (11.8%) 8 (47.1%) 7 (41.2%)

Pathology 0.744
IDC (n=36) 5 (13.9%) 23 (63.9%) 8(22.2%)
ILC (n=4) 0 (0%) 4 (100%) 0 (0%)

BC Family history 0.067
Familial (n=24) 1 (4.2%) 16 (66.7%) 7 (29.2%)

Non-familial (n=16) 4 (25%) 11 (68.8%) 1 (6.3%)

Tumor size 0.360
≤ 2.5 cm (n=21) 3(14.3%) 12 (57.1%) 6 (28.6%)
> 2.5 cm (n=19) 2 (10.5%) 15 (78.9%) 2 (10.5%)

Tumor grade *
Grade I (n=1) 0 (0%) 1 (100%) 0 (0%)

Grade II (n=36) 5 (13.9%) 23 (63.9%) 8 (22.2%)
Grade III (n=3) 0 (0%) 3 (100%) 0(0%)

Lymph nodes 0.187
Positive (n=19) 4(21.1%) 13 (68.4%) 2 (10.5%)

Negative (n=21) 1 (4.8%) 14(66.7%) 6 (28.6%)

Hormonal 

receptors

ER 1.000
Positive (n=35) 5(14.3%) 23 (65.7%) 7 (20%)
Negative (n=5) 0(0%) 4 (80%) 1 (20%)

PR 0.351
Positive (n=35) 5(14.3%) 22 (62.9%) 8 (22.9%)

Negative (n=5) 0(0%) 5 (100%) 0 (0%)

Her2-neu 0.501

Positive (n=22) 2(9.1%) 14 (63.6%) 6 (27.3%)
Negative (n=18) 3(16.7%) 13 (72.2%) 2 (11.1%)

Notes: P-value >0.05 not significant, p-value <0.05 significant. *No p-value because of small number of cases within subgroups. 
Abbreviations: N, number; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; Cm, centimeter; ER, estrogen receptors; PR, progesterone receptors; HER2, 
human epidermal growth factor receptor 2.
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The current study showed that HPV DNA was detected 
in 17.5% of FFPE tissue specimens, 50% of fresh BC 
tissues, and 40% of WBCs. This was in agreement with 
a previous report on Iranian BC women showing HPV 
DNA in 25.9% FFPE tissue specimen using PCR targeting 
the HPV L1 region.35 Another study reported the presence 
of HPV DNA in fresh tissue of 48.6% of Iranian BC 
patients.9 However, a report from Egypt demonstrated 
a higher percentage of HPV-16 in fresh tissues of 75.8% 
of non-inflammatory BC patients and 65.9% of 
inflammatory BC cases using PCR targeting HPV L1 
region.19 This difference between reports may be attribu
ted to the difference in the pathology of the disease and the 
presence of a specific type of HPV.36

In contrast, other reports showed a negative result for the 
presence of HPV DNA in FFPE BC tissues of 300 Iranian BC 
women,37 81 Swiss BC females,38 and 50 French BC 
females.39 Another report from Egypt demonstrated the pre
sence of HPV DNA in 16.7% of fresh BC tissues.31 Other 
studies demonstrated the absence of HPV DNA in fresh 
tissues.40 The difference in result may be due to low viral 
load,41,42 possible inter-laboratory inconsistency in collecting 
and handling samples38 and storage of specimens.43

EBV DNA was detected in 17.5% of FFPE tissues, 
57.5% of fresh tissues, and 10% of WBCs. A study from 
Egypt reported the detection of EBV DNA using PCR 
targeting EBV nuclear antigen-1 (EBNA-1) gene in 20% 
of FFPE BC tissues.14 Moreover, it was detected in fresh 
samples of 53.3% of Sudanese BC patients using methyla
tion-based PCR targeting Latent membrane protein-1 
(LMP-1).44 In agreement, a study performed by Marro 
et al (2014)45 observed the presence of EBV DNA in 
25.8% of FFPE BC tissues, but they reported higher result 
in peripheral blood mononuclear cell (PBMC) samples of 
47% BC patients using quantitative real-time PCR of 
BXLF1 gene. In addition, a study from China reported 
EBV DNA in 24.4% of PBMCs of BC patients using Real- 
time PCR targeting BamH1-K.46

Higher result of EBV DNA detection was also reported 
in 45% of Egyptian and 51.85% of Syrian FFPE BC 
tissues using PCR targeting EBNA-1 and LMP-1.47,48 

Such discrepancy may be due to population characteristics 
differences,49 decreased socioeconomic status of the 
infected persons,50 difference in EBV derived nucleic 
acid target genes investigated51 and PCR false-positive 
result caused by amplicon contamination52 or presence of 
EBV in lymphocytes.53

In contrast, a low percentage of EBV DNA was also 
found in 5.12% of FFPE tissues of Iranian women.54 

However, EBV DNA was not detected in FFPE tissues of 
Iranian women using PCR targeting the Bam HI-H right
ward open reading frame 1 (BHRF1) region.55 Moreover, 
EBV DNA was detected using PCR in 20% of fresh tissues 
of Egyptian BC patients,56 4.7% of Mexican BC 
patients,57 and 31% of Argentinian BC patients.58 These 
lower detection rates could be due to differences in storage 
methods of samples.59 At the same time, the false-negative 
result may be caused by 1) the presence of viral targets at 
levels that extend the sensitivity threshold of the 
assay,13,60 2) removal of Epstein–Barr virus-encoded 
small RNAs (EBER) coding sequences from the EBV 
genome,50 3) alterations related to the integration of 
virus DNA into the host chromosomal DNA,61 4) hit-and- 
run mechanism,62 5) heterogeneous distribution of EBV 
genomes in morphologically matched tumor cells.59

HMTV DNA was detected in 7.5% of FFPE tissues, 
70% of fresh tissues, and 57.5% of WBCs of BC patients. 
In Saudi Arabia, Dossary and Associates (2018)11 found 
viral DNA in 7.7% of FFPE BC tissue samples. Glenn 
et al (2012)16 reported its presence in 78% of fresh DNA 
extracts from Australian BC women. This was in contrast 
with previous reports where HMTV DNA was present in 
36% of FFPE tissues from BC Egyptians,63 57.89% 
from BC Iraqis,34 %32.2 from BC Iranians,64 and 37.3% 
from BC Australians.65 Even the picture was different 
when fresh tissues were used, where the lower result was 
also reported in many countries, including 13.9% in 
Tunisia,66 37% in New York,67 and 0% in Mexico.57 In 
addition, MMTV-Long terminal repeat (LTR) gene 
sequence was detected in peripheral blood samples of 
38% of BC patients from Pakistan.12 Moreover, 300 
WBCs samples of Iranian BC women were negative for 
MMTV.68 These lower rates could be due to the probable 
low viral load in BCs, the extraction methods, and the 
sensitivity of PCR.64,65,69,70 Also, it was reported that 
mutations or rearrangements of viral sequences make 
their detection difficult.66 Moreover, the high frequency 
of HMTV DNA in fresh tissue obtained in this study 
compared to studies from different countries may be due 
to a high level of contact with domestic animals.71

Our result showed that the presence of viral DNAs in 
FFPE tissues was significantly lower than that in fresh 
tissue samples, possibly due to DNA degradation during 
paraffin fixation.72 Therefore, we focused on the result 
obtained from fresh tissues for virological and clinical 
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analysis. Interestingly, our result demonstrated a statistical 
agreement between fresh tissues and WBCs for the detec
tion of HMTV in BC samples. This indicates a clinical 
relevance of WBCs as a suitable specimen instead of fresh 
tissue for HMTV detection in BC patients hence avoiding 
invasive procedures.

HPV and EBV DNAs were not detected in WBCs of 
healthy controls. This was in contrast to other studies 
which reported various percentages based on genetic, 
environmental, and geographical variations.36,46,73–75 

However, HMTV DNA was detected in 23% of WBCs 
of our controls, possibly due to contact with their 
relative BC patients or exposure to the virus through 
vectors and environmental conditions.

The result showed that the presence of multiple viral 
infections was more frequent (67.5%) than the presence of 
a single infection (12.5%). Multiple viral infections were 
reported at only 10% in a previous study on 40 fresh 
tissues with primary breast carcinoma.20 Whether multiple 
viral infections have a role in the outcome of the disease 
needs further investigations.

Upon investigating the correlation between single and 
multiple infections in fresh tissues and some clinico- 
pathological parameters, we found that multiple viral infec
tions were associated with the young age of BC women as 
reported previously16 that may be related to sex hormones.2 

Such association needs to be further investigated. High HPV 
viral load was also associated with young age (≤45y). This 
may lead to lower expression of breast cancer gene 1 
(BRCA1) gene expression and hence early development 
of BC as previously explained.76,77 Limitations to this 
study are the relatively small size of samples used. The 
biological activity of such viruses needs to be further inves
tigated in a larger sample size by exploring the presence of 
viral transcripts and detection of infectious virions.

Conclusion
Up to our knowledge, this is the first report, in the Arab 
world, concerning the presence of HPV, EBV, and HMTV 
and their association with some clinico-pathological char
acteristics of BC disease. HPV and HMTV have been the 
most prevalent viruses among studied Egyptian women 
with BC. The three viruses together (HPV/EBV/HMTV) 
have existed in about one-third of fresh tissues of 
studied BC patients. Fresh tissues have been a more favor
able specimen than FFPE to detect viral DNAs in BC 
patients. WBCs could be a more suitable specimen instead 
of fresh tissue for HMTV detection in BC patients to avoid 

invasive procedures. Detection of HPV DNA among 
young women (≤45 years) might be a relevant prognostic 
marker for the clinical course of BC disease. Further 
analysis is needed to explore the environmental cause of 
oncogenic virus infections on a large number of BC 
patients and controls. In addition, additional analysis is 
required to investigate the inverse relation between 
HMTV and HER2 expression and the linkage of HMTV 
to HPV, EBV, and their biological activities and impact on 
the outcome of BC disease.
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