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Abstract
Background
Human herpes viruses (HHVs) are among the most common infectious agents detected in the
gastrointestinal tract that might be involved in oncogenesis and other gastrointestinal disorders.
Although the link between the EBV and gastric cancer (GC) has been established, role of the viruses in
various stomach diseases remain unknown.
Methods
The frequencies and viral copy number of EBV, CMV and HHV-6 among 50 GC tumors and 105 gastritis
tissues were measured by quantitative real-time PCR.
Results
EBV, CMV and HHV-6 DNA were detected in 30 (60%), 7 (14%) and 9 (18%) of the tumor specimens, while
in gastritis patients were 20 (19%), 13 (12.3%) and 16 (15.2%) respectively. The EBV frequency was
significantly higher in GC compared with gastritis patients (p<0.0001). Viral load in both GC and gastritis
groups was higher in either tumor or gastritis lesion compared with matched adjacent normal tissue. This
study showed a clear association between GC with both EBV (p=0.0268) and CMV (p=0.0012). In
addition, analyzes revealed a strong association between the EBV, CMV and HHV-6 with gastritis
(p=0.0026, p <0.0001 and p=0.0405 respectively).
Conclusions
Our results suggest that these three viruses might contribute to induction and development the gastritis
and GC.

Background
Gastric cancer (GC), one of the most common cancers, is the fourth leading cause of cancer deaths
worldwide (1). Also, gastritis, one of the other stomach-related disorders, is estimated to affect about 50%
of the world population with different degrees (2). To date, many types of viruses including several
human herpes viruses (HHVs) detected in the disorders related gastrointestinal system (3). HHVs have
the capacity to cause both forms of lytic and latent infections. Viral particle production and thus lysis of
the host cell can occur in the lytic state. However, during latent state, the infection persistent in a broad
range of host cell types, with a limited expression of viral proteins (4). Besides diseases such as
infectious mononucleosis (IM), Nasopharyngeal carcinoma (NPC) and Burkitt's lymphoma (BL),
approximately 10% of gastric carcinomas are arising from Epstein-Barr virus (EBV) infection (5). So far,
case reports of the association of EBV with acute gastritis published (6-9). However, the role of this virus
has not been elucidated in causing gastritis completely. Human cytomegalovirus (HCMV), as another
member of the herpesviridea family can infect over 50% of normal adults by age 40 (10). Meanwhile, the
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published literatures in recent years show a probable association between this virus and several different
cancers including colorectal cancer (11), GC (12), glioblastoma (13), breast cancer (14) and also
gastrointestinal disorders (15). In addition to creating roseola, a self-limited disease in children,
encephalitis is another disease with a possible role of human herpesvirus 6 (HHV-6) (16). The correlation
of HHV-6 with the gastrointestinal tract diseases is still under investigation and its role in stomach
disorders is unclear. In this study, we aimed to evaluate viral load corresponding to EBV, CMV and HHV-6
in the stomach tissue of GC and gastritis patients, to further reveal the possible association between
these viruses and the related disorders.

Methods
Patients and Clinical Samples
Fifty GC individuals (37 males and 13 females, mean age and standard deviation, 66 ± 12.4 years) and
one hundred and five chronic gastritis patients (53 males and 52 females, mean age and standard
deviation, 45 ± 15.5 years) were included in this study (Table 1). Gastric tumors and gastritis biopsies
with paired adjacent normal tissues (taken at least 3 cm distance from the lesion margin) were taken
from patients. All specimens were then washed twice with phosphate-buffered saline (PBS) for to clean
from external fluids and subsequently stored at −70°C until DNA extraction and further application of realtime PCR (RT-PCR). This study was approved by the ethical review committee of the research
institute and all patients and controls gave their informed consent.
Viral Genome Quantification
Viral DNA was extracted from tumor and normal tissue samples using a QIAamp DNA mini kit (QIAGEN,
Hilden, Germany) according to the manufacturer’s instructions. The concentration and purity of the
extracted DNA samples were evaluated in a nanodrop 2000 spectrophotometer (Thermo, MA, USA). The
endogenous b-actin gene were used as a criteria for evaluation quality of the extracted DNA and presence
of PCR inhibitors during amplification. The real-time PCRs were carried out using a multiplex TaqMan
PCR for EBV, CMV, and HHV-6. The primers and probes used for the assay have been described
previously (17). The pTG19 plasmid containing target fragments for each virus was prepared and used
as a standard for CMV, EBV and HHV-6 DNA quantification. To construct the standards, DNA from the
CMV, EBV and HHV-6 positive samples was amplified with primers used in The multiplex real-time PCR
assay and PCR products (EBV: 90bp, CMV: 200bp and HHV-6: 223bp) TA cloned in pTG19-T vector
(Vivantis, Malaysia) using T4 ligase and Top10 E. coli strain for cloning. The sequencing results
confirmed that each of which the recombinant plasmids carried a single copy of target fragment.
The concentration of recombinant plasmids was estimated by measuring the absorbance at 260nm and
the corresponding copy number was calculated. For quantification of EBV viral load, a 10-fold serial
dilution series of the recombinant plasmids (101 – 106copies) containing target sequences was used to
construct the standard curves.
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Statistical Analysis
The SPSS 21.0 package (SPSS, Chicago, IL, USA) was used for performing statistical analyses and
GraphPad Prism 9.0 software (GraphPad Software Inc., La Jolla, CA, USA) was used for constructing
graphs. The prevalence of CMV, EBV and HHV-6 infections was evaluated in the compared groups. The
differences in the copy number of these three viruses in Gastric cancer and Gastritis, as well as adjacent
normal tissue were analyzed using the Mann–Whitney test or Kruskal–Wallis test, due to the
incompatibility of the viral copy number with the Gaussian distribution. A p-values <
0.05 was regarded as statistically significant for all tests.

Results
Prevalence of EBV, HHV-6 and CMV infection in the two groups of gastric cancer and gastritis
DNA extracted from the 50 GC tissue (group I) and 105 chronic gastritis tissue (group II) was used as a
template for multiplex TaqMan-probe-based real-time PCR.
Out of Patients in group I, EBV, CMV and HHV-6 were identified in 30 (60%), 7 (14%) and 9 (18%) of them,
respectively (Fig. 1). Out of 30 patients who were EBV positive, 4 of them had simultaneous HHV-6 and 6
were coinfected with CMV. Prevalence EBV, CMV and HHV-6 among the patients of group II were 20 (19%),
13 (12.3%) and 16 (15.2%) (Fig. 1). 2 of 20 of whom were EBV positive, had simultaneously HHV6 and
CMV infections. Also 2 patients had coinfection with CMV and HHV-6 of total group II. Did not find
evidence of effect of gender differences on any viruses frequencies including EBV (p=0.895), CMV
(p=0.457) and HHV-6 (p=0.174) in group I or EBV (p=0.384), CMV (p=0.139) and HHV-6 (p=0.972) in
group II.
Viral load in GC tumor and adjacent normal tissue
The median copy number in EBV, HHV-6 and CMV positive GC tumor was 668.9, 246.5 and 1296
copies/ug DNA (range 11.65–53591, 21.99- 21933 and 62.60-14920 copies/ug total DNA) respectively,
while that was 103.3, 92.21 and 0.000 for this viruses in adjacent normal tissues (range 0.000-5396,
0.000-12294 and 0.000-14.93) (Table 2). As mentioned above, the viral copy number in all three viruses
was higher in the lesion tissue than in the adjacent normal tissue. However, this difference was only
statistically significant for EBV (p=0.0268) and CMV (p=0.0012). No significant difference was found
between median copy number of HHV-6 in GC tumor and paired adjacent normal tissue (p=0.8515) (Fig.
2).
viral load in chronic gastritis and adjacent normal tissue
We also estimated the viral load in gastritis tissue and paired adjacent normal tissue and observed a
different level of copy number for all of these viruses. The analysis revealed a significantly higher viral
load between these two sections of the stomach tissue in patients (Table 2).
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In gastritis tissue the median copy number for EBV, CMV and HHV-6 was 886.0 (101.0- 7511), 100.0
(23.08- 285.7) and 1594 (140.3- 27493) copies/ug DNA respectively, While the median copy number in
adjacent normal tissue was 177.8 (21.90- 1235), 0.000 (0.000- 14.60) and 26.00 (0.000- 2561) for EBV,
CMV and HHV-6 (p=0.0026, p <0.0001 and p=0.0405) (Fig. 3).

Discussion
Human herpes viruses are among the most common viral infections worldwide and linked with many
malignancies and diseases (18). The role of the EBV is known as cause many cancers, such as
nasopharyngeal carcinoma, Hodgkin’s lymphoma, Burkitt’s lymphoma and gastric carcinoma (19). CMV,
another member of the herpesviridae family has been linked to several cancers, including colorectal
cancer (11), glioblastoma (13) and lymphatic metastasis(12). To date association EBV and CMV with
gastritis have been documented in several case reports or case series (8, 15, 20). However, there is little
information about the occurrence HHV-6 infection in the gastrointestinal tract, especially gastritis and its
role not yet well known.
We detected the EBV in 60% of GC versus 20% of gastritis tissue specimens. Differences between
observed frequencies in the two groups seems related to the causal role of the virus in GC (Fig. 1). This
high positivity rates have also been reported in a study from Portugal with 90.2% of GC and 27.3% from
the control group. Several other studies have been documented EBV positive rates a range of 1.2% to
89.2% in GC (21). However different factors, including study location, the histologic type of GC, PCR
method with various sensitive, sex, age, tumor location and tumor-infiltrating lymphocytes may impact on
EBV positivity. In this study the frequency of CMV in GC and gastritis patients was 14% and 12.3%
respectively, which was much lower than the study of L. Zhang et al. with a prevalence of 69% in GC (12).
Whereas, in another study, the CMV positivity was the same as our estimate (14%) in GC (22). Studies on
the prevalence of CMV in gastritis are limited to case reports and little is known about it. Likewise, the
prevalence of HHV-6 was 18% in the GC group and 15.2% in the gastritis group, a higher rate than the two
reports conducted by Cantalupo et al. (3.9%) and Cao et al. (3.5%) in stomach cancer (23).
Finally, we evaluated viral load for the tumor and gastritis lesion with adjacent normal pairs in two
groups I and II, where either tumor or gastritis lesion and matched adjacent normal were positive for EBV,
CMV or HHV-6. We found an increase in viral abundance in tumors than adjacent normal samples in
most cases (group I). Despite the differences between viral copies number for the three viruses examined,
high levels of viral load in the tumor compared to adjacent normal samples shows significant only for
CMV and EBV. However, this strikingly different of viral copy number between tumor-adjacent normal
pairs could be a strong signal that EBV and CMV are linked to stomach cancer. It should be noted that the
association of EBV with GC is already known and has been the subject of intensive research. Whether the
observed association between the CMV and GC is a causative or incidental accompaniment still
unknown. Although, another aspect of this viral load difference may be due to the presence of infiltrating
immune cells in the tumor. Of note, our results are in agreement with previous studies that have shown an
association between these two viruses and GC (12, 24). In term of HHV-6, Cao et al. has reported a
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significant link with stomach cancer, where it's found in tumor, but absent in their matched adjacent
normal samples, while we didn't found significant association (25).
For the group II, also statistical analysis revealed an appreciable and significantly higher copy number of
all three viruses in chronic gastritis than in the matched adjacent tissue samples. So far, several case
reports have indicated the role of the EBV in causing gastritis (8, 26-29). Although, very few case reports
have been published regarding the link between the CMV and gastritis (15, 30-32), nevertheless no
association has been reported between the HHV-6 and gastritis. We have no answer to the question which
these viruses how participates in pathogenesis and whether are contributing to creation and development
the lesion or being attracted by carrying Inflammatory cells, with a transient presence.

Conclusion
Viral copy number was performed on tumor and gastritis biopsies, which indicated a significantly higher
copy number than that in adjacent normal tissue. There is a strong association between the EBV and
CMV with GC, as well as the EBV, CMV and HHV-6 with gastritis. Differences observed in the copy number
of these viruses warrants further investigation to determine if a etiological role exists for herpesviruses in
GC and gastritis.
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Tables
Table 1 Demographic and clinical analysis combining with real-time PCR
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Age (Years)

Gastric cancer

Chronic gastritis

(n=50)

(n=105)

63(30-85)

45(15-79)

Median (IQR)

P-value

0.017

Gender

37(72.5%)

53(50.5%)

N (%)

13(25.5%)

52(49.5%)

0.006

Gastric Tissues

Positive Samples

20(19%)

0.000

N (%)
EBV
30(60%)
CMV

7(14%)

13(12.3%)

0.779

HHV-6

9(18%)

16(15.2%)

0.264

Table 2 Results of viral copies number in both GC and gastritis groups

EBV

CMV

HHV-6

Gastric cancer

Adjacent Normal

Chronic gastritis

Adjacent Normal

Copies/ug DNA

Copies/ug DNA

Copies/ug DNA

Copies/ug DNA

Median (IQR)

Median (IQR)

Median (IQR)

Median (IQR)

668.9

103.3

886.0

177.8

(11.65–53591)

(0.000-5396)

(101.0-7511)

(21.90- 1235)

1296

92.21

100.0

0.000

(62.60-14920)

(0.000-14.93)

(23.08- 285.7)

(0.000- 14.60)

246.5

0.000

1594

26.00

(21.99- 21933)

(0.000-12294)

(140.3- 27493)

(0.000- 2561)

Figures
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Figure 1
The frequency of EBV, CMV and HHV-6 in GC and gastritis tissues specimens were measured by using
real-time PCR.
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Figure 2
Comparative viral copies analyzed by quantitative real-time PCR in the tumor (T) and adjacent normal (N)
specimens of GC.
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Figure 3
Comparative viral copies analyzed by quantitative real-time PCR in the gastritis lesion (G) and adjacent
normal (N) specimens of gastritis.
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