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Abstract: In this study, we assessed the presence of Epstein-Barr virus (EBV) in gastric samples derived
from pediatric patients with dyspeptic symptoms, aiming to understand whether EBV participates
in the development of early gastric lesions influencing chronic inflammation, in conjunction with
the Helicobacter pylori (Hp) bacterium. We analyzed EBV load in 236 gastric biopsies derived from
186 pediatric patients with chronic dyspepsia and compared it with EBV serology, Hp load and
serology, and with immune cell infiltration. We found that 7.5% of patients were positive for EBV load,
ranging from 240 to 29,685 genomic copies/µg of DNA. Hp genomic sequences were found in 24.7%
of patients. EBV positive samples did not correlate with Hp status and were characterized by absent
to moderate immune cell infiltration. To our knowledge, this is the first study addressing EBV load in
the stomach in a large cohort of pediatric patients with dyspeptic symptoms, providing evidence of
EBV localization in the gastric mucosa in early inflammatory lesions. The lack of correlation between
EBV and both Hp infection and inflammation is perhaps explained by independent pathogenic
mechanisms or because of the randomness of the gastritis sampling. This is also supported by a
moderate association between EBV load and serology.

Keywords: Epstein-Barr Virus; helicobacter pylori; pediatric dyspepsia; gastric inflammation;
nonatrophic gastritis

1. Introduction

Gastric cancer (GC) emerges within a context of persistent inflammation, in which a chronic
gastritis is the earliest lesion that is already present in some children [1]. Chronic gastric inflammation
is associated with persistent Helicobacter pylori (Hp) infection, a stomach resident bacterium with a
plethora of mechanisms to counteract the acidic pH and colonize the gastric mucosa. About 10% of GC
are associated with Epstein-Barr virus (EBV) infection, a persistent pathogen most often acquired in
early childhood. EBV is considered a lymphotropic virus because it mainly infects and persists in B
lymphocytes. Yet, EBV is also able to infect epithelial cells, which facilitates viral transmission to new
hosts [2]. For this, EBV colonizes the Waldeyer’s ring lymph nodes in the oropharynx, where epithelial
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cells and lymphoid tissue intimately coexist [2]. How and when EBV reaches the gastric mucosa
remains unclear, as well as whether it may contribute with dyspeptic symptoms in early gastric lesions.

We have previously reported that elevated levels of antibodies directed against EBV lytic proteins
significantly correlate with advanced gastric lesions and with enhanced stomach infiltration of
polymorphonuclear (PMN) and mononuclear (MN) immune cells, supporting the idea that EBV
reactivation in the stomach is also contributing to the chronic inflammatory process, in conjunction
with Hp [3–5]. Indeed, we observed that even children younger than ten years old with highly
inflammatory and symptomatic gastritis already had elevated levels of anti-EBV antibodies [3]. In this
study, we aimed to find evidence of viral loads already present in the gastric mucosa of children
with dyspepsia, and address whether or not load correlated with gastric inflammation markers and
Hp status.

2. Materials and Methods

2.1. Patients and Clinical Samples

This study was approved by the Ethical, Biosafety, and Scientific Institutional Review Boards of
the Children’s Hospital of Mexico “Federico Gómez” and the Pediatrics Hospital of the Mexican Social
Security Institute. The study was performed on frozen archived samples, parents or guardians of the
enrolled patients agreed to sign a letter of consent. All patients attended the gastroenterology unit
due to dyspeptic symptoms characterized by chronic abdominal pain present for at least six months.
Clinical diagnosis as nonatrophic gastritis was based on endoscopy, histology, and clinical presentation.
Patients under treatment with antiacid, antibiotics or proton pump inhibitors during the three weeks
prior to sample collection were excluded.

Blood and gastric tissue samples were collected at the time of diagnosis. The study started with
356 frozen samples corresponding to 257 patients. Paired samples of the stomach antrum and corpus
were collected from some of the patients. One biopsy sample was used for DNA extraction and
estimation of viral and bacterial loads by PCR-based approaches. The extracted DNA was first tested
for quality using a qPCR directed against the endogenous β-actin gene, only samples with good DNA
quality were chosen to continue in the study. Overall, the samples we included in the study were the
following—236 gastric tissue samples derived from 186 patients; only antrum tissues from 86 patients,
only corpus tissues from 50 patients, and paired antrum and corpus tissues from 50 patients, for a total
of 136 samples from antrum and 100 samples from corpus. Of the 186 patients, we had information
of EBV and Hp serology for 134 (73%) of them. Serology and viral load results were compared with
the histological examinations present in the patient’s clinical records, for which we had information
about the Sydney histological evaluation of the inflammatory status for 107/136 (79%) antrum samples,
and 84/100 (84%) corpus samples.

2.2. EBV Genome Quantification

Total DNA was purified from antrum and corpus tissues using a QIAamp DNA Mini Kit (Qiagen,
Hilden, NRW, Germany) according to the manufacturer’s instructions. DNA quantification and
purity were evaluated in a nanodrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham,
MA, USA). Integrity and presence of PCR inhibitors in DNA were checked by amplification of the
endogenous human β-actin gene. Detection of EBV-Balf5 gene and endogenous human β-actin gene
was carried out simultaneously by a TaqMan probe-based qPCR in duplex format. Only samples
with early β-actin Ct (up to 24) were included in the study. For quantification of EBV viral load, we
constructed a standard curve using 10-fold serial dilutions (106–101 copies) of a plasmid containing a
fragment of the EBV-Balf5 gene. Every standard also contained 100 ng of DNA of an EBV negative
human cell line as background DNA. The PCR assays were performed in a final volume of 25 µL
containing 1x QuantiTect Multiplex PCR NoRox (Qiagen, Hilden, NRW Germany), 250 nM of each
primer, 125 nM of EBV-Balf5 probe/62.5 nM of β-actin probe, and 50 or 100 ng of DNA as template
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(according to the availability of DNA). The EBV probe was labeled with 6-Carboxyfluorescein (FAM)
fluorophore, while the β-actin probe was labeled with Cyanine 5 (Cy5) fluorophore. Primers and
probes have been previously reported [6] and were commercially synthesized (Synthetic DNA S.A.P.I.
of C.V., Gto, Mexico). The cycling conditions were the following—a uracil-DNA glycosylase (UDG)
incubation step at 52 ◦C for 2.5 min, an initial denaturation and polymerase activation step at 95 ◦C for
15 min, followed by 50 cycles of denaturation at 95 ◦C for 15 sec and annealing/elongation at 60 ◦C for
1 min. The limit of detection with 95% confidence of the PCR test was determined at 21 EBV genomic
copies [6].

2.3. Helicobacter Pylori PCR Determination

The identification of Hp in the gastric biopsy DNA was performed by endpoint PCR using
ureC (glmM) and 16sRNA targeting primers [7]. The reaction mixture (25 µL) conditions were as
follows—1.5 mM magnesium chloride, 0.2 mM dNTPs, 5 U Taq DNA Polymerase (Thermo Scientific
Inc, Waltham, MA, USA), and 0.5 mM of each primer. The amplification conditions were 94 ◦C
for 5 min, followed by 35 cycles (92 ◦C for 30 sec, 55 ◦C for 40 sec, 72 ◦C for 40 sec); and a final
extension of 72 ◦C for 5 min. The final amplification products were of 294 (glmM) and 522 bp (16sRNA).
The reaction products were run on a 2% agarose gel, which was then stained with Midori Green
Advance (Nippon Genetics Co, Dueren, Germany). Results were considered positive if one of the PCR
products was observed.

2.4. Serologic Determination of Anti-EBV VCA and Anti-Hp Antibodies

Antibodies directed against the viral capsid antigen (VCA) were evaluated using the following
ELISA kits—quantitative anti-EBV VCA IgG assay (HUMAN, cat, 51204) and qualitative anti-EBV
VCA IgM assay (HUMAN, cat. 51104). ELISAs were performed following the manufacturer´s
recommendation and as we have previously reported [3,4]. Antibody titers were calculated according
to manufacturer´s instructions and expressed as Human Units (HU)/mL. Evaluation of anti-Hp
CagA and anti-Hp antibodies was done using in-house ELISA assays as previously described [8,9].
One hundred µL/well of a 1:500 dilution of a sonicated extract (1 mg/mL) of a mixture of three Hp
strains isolated from Mexican patients were placed in the ELISA plates, washed, and an equal volume
of a 1:400 dilution of sera was placed in the plate, followed by 100 µL/well of a 1:1000 dilution
of an antihuman IgG conjugated to alkaline phosphatase (SouthernBiotech, Birmingham, AL, UK).
The substrate used was p-nitrophenylphosphate, 1 mg/mL (Southern Biotech, Birmingham, AL, UK).
The plates were incubated under dark conditions at 37 ◦C for 20 min, after which 50 µL of stop solution
was added into each well. Absorbance was read at 405 nm. The CagA antigen preparation was
kindly supplied by OraVax, Cambridge, MA and consisted of a recombinant peptide at a protein
concentration of 8 mg/mL that was used at a 1 µg/well. Samples were considered positive for CagA and
Hp when ELISA units were ≥1.5 and ≥1.0, respectively, according to the validated cut-offs in Mexican
population [8]. Each plate included four positive and four negative serum samples, all samples were
analyzed in duplicate.

2.5. Histopatological Examination

Antrum and corpus tissues were formalin-fixed, paraffin-embedded, and stained with
hematoxylin-eosin for histologic examination. A single experienced pathologist evaluated the
inflammatory status according to the Sydney system. PMN and MN cell infiltration was graded from
absent to severe compared with published diagrams (analogue scales).

2.6. Statistical Analysis

Stata software package v14.1 (for Windows) was used for performing all data analyses and
GraphPad Prism 8.4.0 (for OS X) was used for constructing graphs. A descriptive analysis of the age
and sex of pediatric patients was performed. A proportion test was used to evaluate differences of
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frequencies in the compared groups of Table 1. A nonparametric Mann–Whitney U test was used for
comparing two groups of continuous variables—viral load in antrum vs. cardia; EBV-VCA IgG titers
in EBV-negative vs. EBV-positive tissues and EBV viral load in EBV-VCA IgG low vs. EBV-VCA IgG
high. A nonparametric Kruskal–Wallis test was used to compare EBV viral load in the Hp antibody
titer subgroups (Figure 2). Fisher’s test used to explore the relation between degree of inflammation
and presence of EBV in gastric tissues. Crude odds ratio was used to evaluate the relationship between
titers of Hp antibodies and presence of EBV in gastric tissues. T Spearman correlation test was used
to analyze the correlation between viral load and EBV antibody titers. A p < 0.05 was considered
statistically significant for all tests.

Table 1. Demographic and clinical characteristics of pediatric patients (n = 186).

Age (Years)
Median (IQR) 10 (6–13)

Sex
N (%)

Male 93 (39.4%)
Female 143 (60.6%) 1

Positive Samples
N (%) p Value ***

Genome
Copies/µg DNA
Median (IQR)

EBV viral load
in stomach *

Total 18 (7.6) 545 (311–975)
Antrum 11 (4.7) 412.5 (265–1131)
Corpus 7 (2.9) 0.85 620 (480–1279)

Hp PCR
Positivity

Total 50 (22.8) ND
Antrum 34 (15.5) ND
Corpus 16 (7.3) 0.42 ND

Positive samples
N (%)

Antibody titers
Median (IQR)

EBV
Serology **

VCA IgG 95 (69.8) 67 (42.8–95.2)
VCA IgM 10 (7.4) <0.01 ND

Hp
Serology **

WCE IgG 71 (52.2) 1.53 (1.06–2.5)
CagA IgG 44 (32.3) p = 0.03 3.76 (2.1–7.6)

EBV viral load was evaluated in 236 tissue samples (136 of antrum and 100 of corpus) coming from 186 patients.
** EBV and HP serology was evaluated for 136 patients. *** Test of proportions. EBV: Epstein-Barr Virus, Hp:
Helicobacter pylori, VCA: viral capsid antigen, CagA: cytotoxin-associated gene A, WCE: Whole-cell extract, IQR:
Interquartile range, ND = Not determined. 1 EBV viral load was evaluated in 236 tissue samples (136 of antrum and
100 of corpus) coming from 186 patients.

3. Results

3.1. Screening of EBV DNA in Gastric Biopsies and Comparison with Systemic Anti-EBV Antibodies

In this study, we aimed to understand whether EBV was already present in the gastric mucosa of
children with dyspepsia contributing with gastric inflammation in conjunction with Hp. The study
included 186 pediatric patients with dyspepsia characterized by recurrent abdominal pain for at least
six months (Table 1), 39.4% male and 60.6% female. After histological examination, the patients were
diagnosed with nonatrophic gastritis. We detected 18 (7.6%) EBV positive samples coming from 14
(7.5%) patients. Because the stomach site from which the biopsy is taken is chosen at random, we also
analyzed the positivity to Hp, to have a reference of the likelihood to find the pathogen that is the
normal resident of the gastric mucosa. Hp was found positive in 50 (22.8% of the samples), almost three
times more than EBV (Table 1).

EBV-positive samples were found in antrum (n = 11) and corpus (n = 7), with only four patients
with positive samples in both sites. We found no significant differences in either EBV frequency
(Table 1) or load (Figure 1A) between antrum versus corpus samples. While only 7.5% of patients
were positive to anti-IgM antibodies, 69.8% were positive to anti-IgG VCA antibodies. No patient was
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anti-IgM positive and anti-IgG negative, indicating that there were no patients in the cohort who had
recently been infected with EBV and most likely all had a chronic infection. Elevated anti-IgG VCA
often marks recurrent events of reactivation, and we have previously shown in this cohort that elevated
anti-IgG VCA is a good marker for severe gastritis [3]. We assessed whether there was a correlation
between the gastric biopsy positivity and the systemic anti-EBV antibodies by comparing the anti-IgG
antibody levels in patients showing positive and negative viral load. We found no differences between
them (Figure 1B). We divided the anti-IgG data into high and low categories using the median as
the cut off value. When we compared the viral load in both IgG groups, we found that EBV viral
load tended to be higher in the high anti-IgG group (p = 0.07, Figure 1C). Indeed, only a moderate
correlation was found between serology and viral copy number (r = 0.42, p = 0.12) (Figure 1D).
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Figure 1. EBV load and (A) comparison between antrum and corpus. Shown are the median and the
interquartile ranges (Mann–Whitney U test). (B) Anti-EBV VCA IgG antibody titers of children with
negative (neg) versus positive (pos) viral load in gastric mucosa (Mann–Whitney U test). (C) EBV
viral load in children with low and high anti-EBV VCA IgG antibody titers. (D) Spearman correlation
between EBV viral load in gastric mucosa and anti-EBV VCA IgG antibody titers.

3.2. Evaluation of Immune Cell Infiltration in EBV Positive Biopsies

MN and PMN cell infiltration were graded from absent to severe in both corpus and antrum.
We have also previously observed a correlation between the most severe infiltration and elevated
levels of anti-VCA serology [3]. Here, we wanted to assess whether samples that were positive to
EBV load were also more infiltrated. Unfortunately, we could only gather data about immune cell
infiltration for ten of the samples with EBV positive load. We observed that both antrum and corpus
EBV-positive samples exhibited mild to moderate MN cell infiltration, while for PMN cell infiltration,
most samples were in the absent group, with only two in the mild, and one in the moderate (Table 2).
Statistical analysis showed no associations.
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Table 2. Degree of infiltration of mononuclear and polymorphonuclear cells in the gastric mucosa
of children.

Gastric Tissues Antrum
n = 107

Corpus
n = 84

EBV Viral Load Status
in Gastric Mucosa

EBV Neg
n = 100

EBV Pos
n = 7 p Value ** EBV Neg

n = 81
EBV Pos

n = 3 p Value **

Mononuclear cell
Infiltration *

N (%)

Absent 6 (6) 0 (0) 2 (2) 0 (0)
Mild 69 (69) 4 (57) 71 (88) 3 (100)

Moderate 17 (17) 3 (43) 8 (10) 0 (0)
Severe 8 (8) 0(0) 0.42 0 (0) 0 (0) 1.00

Polymorphonuclear cell
Infiltration *

N (%)

Absent 71 (71) 4 (57) 67 (83) 3 (100)
Mild 15 (15) 2 (29) 12 (15) 0 (0)

Moderate 9 (9) 1 (14) 1 (1) 0 (0)
Severe 5 (5) 0 (0) 0.51 1 (1) 0 (0) 1.00

Mononuclear and polymorphonuclear cell infiltration data were available for 107/136 (79%) samples of antrum, and
for 84/100 (84%) samples of corpus. ** Fisher’s test.

3.3. Hp Antibody Evaluation in Patients with EBV-Positive vs. Negative Gastric Tissues

Since Hp is the natural inhabitant of the gastric mucosa and EBV resides in B lymphocytes, to look
for evidence that Hp infection is part of the mechanism that attracts EBV to the stomach, we wanted
to assess whether we could find a correlation between EBV load and the anti-Hp serology. For this
analysis, we divided anti-Hp antibody levels (against the whole bacterial extract or against CagA) into
two subgroups of high and low antibodies, also using the median as the cut-off value. We observed that
EBV-positive samples were distributed almost evenly between both groups of high and low antibody
titers (Figure 2 and Table 3). To put these data in context we performed a similar analysis for Hp
PCR positivity and Hp serology. Since the estimation of Hp load was not quantitative, we compared
positive and negative load vs. positive and negative serology. We found an OR = 3.49 (CI = 1.46–8.56,
p = 0.0018) and OR = 3.56 (CI = 1.51–8.54, p = 0.0011) of being positive to PCR in patients that were
serology positive to the Hp whole cell extract or to CagA, respectively. We also could not observe an
association between EBV and Hp gastric loads.
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Table 3. EBV correlation with Hp serology. EBV viral load in children with low and high anti-HP
whole cell extract (WCE) and anti Hp CagA antibody titers.

Anti-Hp Whole Extract (N)

Low High OR * (95% CI)

EBV viral load
(N)

Neg 87 92 1.6 (0.15–1.60)
p = 0.20Pos 11 6

Anti-CagA (N)

EBV viral load
(N)

Neg 88 91 0.68 (0.21–2.07)
p = 0.45Pos 10 7

* Crude Odds Ratios.

Table 4 shows a summary of the data on EBV and Hp status, in which it can be observed that 7/14
(50%) of the EBV PCR positive pediatric patients are negative to Hp infection assessed by either PCR
or serology. This data argues that EBV gastric load is independent of Hp infection.

Table 4. Summary of data of EBV PCR-positive patients.

Biopsy EBV Copies/µg DNA EBV-VCA IgG
(HU/mL) Hp PCR Hp-WCE IgG Hp-CagA IgG

1 240 neg pos neg neg
2 a 250 35.26 neg neg neg
3 270 35 neg neg neg
4 305 21.26 pos 1.2607 3.7933
5 330 unknown neg neg neg
6 385 105.67 neg neg neg

7 b 440 49.59 neg 1.9366 neg
8 530 26.8 neg neg 1.816

9 c 560 109.58 neg neg neg
10 d 680 109.55 neg neg neg
11 c 765 109.58 neg neg neg
12 930 neg neg neg neg
13 990 21.31 neg 1.086 neg
14 1555 61.61 pos 1.3151 2.126

15 d 2115 109.55 neg neg neg
16 b 2325 49.59 neg 1.9366 neg
17 a 4830 35.26 neg neg neg
18 29685 115.9 pos 2.2 2.935

Superscript letters indicate two samples from the same patient, four patients were EBV PCR-positive in the antrum
and corpus (a–d). Shadowed rows indicate EBV PCR-positive patients that were negative to H. pylori (Hp) status.

4. Discussion

EBV infects close to 95% of the adult population worldwide, with memory B cells being the
main reservoir of viral latent infection. There is experimental and clinical evidence of the capacity
of EBV to also infect epithelial cells, but while B cells are very efficiently infected and immortalized
in vitro, similar infection assays on epithelial cells only result in less than 1% infection, and the viral
genome tends to be lost upon serial passages [10–12]. Still, EBV has been consistently associated
with epithelial cancers. Although today, it is not clear when EBV arrives in the gastric mucosa,
and whether it participates in the development of early gastric lesions and in the chronic inflammation
that progressively leads to GC.

Our group has formed a cohort of pediatric patients with chronic dyspepsia that attended the
Gastroenterology unit of our institution from September 1994 to October 2001 [13,14]. We have
previously documented in this cohort that high levels of systemic anti-EBV antibodies, along with high
levels of anti-Hp antibodies, correlate with increased infiltration of immune cells [3]. In agreement, we
have found that elevated anti-VCA antibodies also mark adults with severe preneoplastic lesions [4].
Here, we detected EBV load in 14 (7.5%) patients oscillating from 240 to 29,685 copies/µg of tissue DNA.
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Although some studies support that the EBV-associated GC mainly develops in nonantral regions of
the stomach [15–17], we have previously observed a similar distribution in the stomach corpus and
antrum [18]. Here, we also observed EBV in both regions of the stomach. To the best of our knowledge,
this is the first study addressing the EBV load in the stomach in a cohort of pediatric patients with
dyspeptic symptoms and early gastric lesions.

To put the frequency of EBV-positive patients in context, we also performed an end-point PCR to
identify Hp. Evidence of Hp genomic sequences was found in 46 patients (24.7%). Some studies have
looked into Hp load by PCR, finding 25–46% and 17–26% positivity in adult and pediatric dyspeptic
patients, respectively [19–25]. PCR detection of Hp infection has not been previously reported for this
cohort of patients. Multiple tests are used to evaluate Hp infection, some of them noninvasive and
indirect, such as the urease breath test, serology, and PCR of feces. Because Hp mainly inhabits the
stomach, these tests are informative of Hp gastric colonization. This is not true for EBV, and when high
antibody levels are detected, indicating EBV exacerbated infection, it is not clear what tissue(s) are
harboring the virus.

We did not observe an association between EBV load and Hp status, in either load or serology,
that supported a mechanism of Hp infection attracting EBV infected B cells to the gastric mucosa.
Molecular studies support an intimate interaction between both microorganisms cooperatively
enhancing their pathogenic processes [26–29], although most of those studies are based on in vitro tests
and/or in adult patients. Alternatively, both microorganisms may have autonomous mechanisms of
pathogenesis in the gastric mucosa, and their presence independently adds to the local tissue damage.
Since the association between EBV load and serology was also moderate, these results may also be
explained by the randomness of the gastric sample. When taking tumor samples, it is easier to choose
the areas that better represent the lesion, while that task is significantly more complex for superficial
widespread lesions. Alternatively, it is possible that the extent of EBV replication in B cells within
inflamed gastric mucosa is not solely responsible for the elevated anti-VCA IgG responses but rather,
relates to a general systemic increase in EBV replication. In this scenario, the detected EBV load may
be originating from B cells undergoing lytic replication, which still argues for a potential contribution
of EBV in the gastric inflammatory process. Altogether, this and our previous data argue that EBV
anti-VCA antibodies are better markers of gastric inflammation than the tissue viral load [3].

Elevated anti-VCA antibodies mark individuals with higher risk to develop nasopharyngeal
carcinoma [30–32], supporting a mechanism of enhanced EBV reactivation from latently infected B
cells favoring enhanced infection of the nasopharyngeal epithelial cells. Others have also made a
similar observation for EBV and GC [4,33,34]. We were expecting to find a correlation between EBV
load and the severity of immune cell infiltration in the stomach, but most positive samples presented
an infiltration ranging from mild to moderate and from absent to moderate for MN and PMN cells,
respectively. Unfortunately, we were only able to find data for immune cell infiltration in about 80% of
the gastric samples, of which only 10/18 were positive to EBV. Of note, Hp infection was also found to
correlate with mild to moderate MN infiltration and absent to mild PMN infiltration in this cohort of
patients [13,35].

An association between EBV and pediatric gastritis has been previously documented in clinical
case reports. For instance, EBV positivity has been reported in two young patients with dyspepsia [36],
and also in 16 yo and 4 yo patients with infectious mononucleosis and gastrointestinal symptoms [37,38].
These studies are particularly important because they have shown positivity to EBV by in situ
hybridization (EBER-ISH), and therefore demonstrated EBV infection in epithelial cells. Because in this
study we wanted to test for EBV and Hp load and we only had one available biopsy, we were unable
to carry out an EBER-ISH to also assess the cell lineage harboring EBV. There is also a case report in
which gastritis to cancer progression was observed soon after a nonmyeloablative hematopoietic stem
cell transplantation in an Hp negative patient [39], supporting a gastric cancer-triggering role for EBV
starting from early inflammatory lesions. Studies addressing the EBV load, EBV cellular localization
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and expression of latent and lytic genes will be very informative about the viral contribution to early
gastric inflammatory lesions.

5. Study Limitations

Although the present study shows increased EBV load in gastric lesions of children with dyspepsia,
some in the absence of apparent Hp infection, we could not address how EBV is linked to the pathology
of the lesion. The study does not discern whether EBV is contributing to the lesion or it is being attracted
by presently unknown factors, and its presence is merely passenger/transient. Future studies should
address the nature of the EBV-infected cells, whether they are B cells or epithelial cells, and whether
there is evidence of EBV reactivation that may be promoting local inflammation.

Author Contributions: J.T. and M.C.-P.; recruited the cohort of patients, compiled their demographic and clinical
data, and supervised the histological analysis of biopsies. M.C.-P. and M.G.C.-M.; performed the Hp and EBV
serology, respectively. C.R.-G.; performed the Hp PCR test. A.M.-S.; performed the DNA extractions, DNA quality
tests, and EBV PCR tests. A.M.-S. and L.F.-L.; performed the statistical analysis. E.M.F.-P.; designed and supervised
the study. A.M.-S. and E.M.F.-P. wrote the manuscript and all authors read it and discussed it. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by Fondo de Apoyo a la investigación, Hospital Infantil de México Federico
Gómez (Project number: HIM-2017-074) to E.M.F.-P.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Correa, P.; Haenszel, W.; Cuello, C.; Tannenbaum, S.; Archer, M. A model for gastric cancer epidemiology.
Lancet 1975, 2, 58–60. [CrossRef]

2. Laichalk, L.L.; Hochberg, D.; Babcock, G.J.; Freeman, R.B.; Thorley-Lawson, D.A. The dispersal of mucosal
memory B cells: Evidence from persistent EBV infection. Immunity 2002, 16, 745–754. [CrossRef]

3. Cardenas-Mondragon, M.G.; Carreon-Talavera, R.; Camorlinga-Ponce, M.; Gomez-Delgado, A.; Torres, J.;
Fuentes-Panana, E.M. Epstein Barr virus and Helicobacter pylori co-infection are positively associated with
severe gastritis in pediatric patients. PLoS ONE 2013, 8, e62850. [CrossRef] [PubMed]

4. Cardenas-Mondragon, M.G.; Torres, J.; Flores-Luna, L.; Camorlinga-Ponce, M.; Carreon-Talavera, R.;
Gomez-Delgado, A.; Kasamatsu, E.; Fuentes-Panana, E.M. Case-control study of Epstein-Barr virus and
Helicobacter pylori serology in Latin American patients with gastric disease. Br. J. Cancer 2015. [CrossRef]

5. Cardenas-Mondragon, M.G.; Torres, J.; Flores-Luna, L.; Carreon-Talavera, R.; Camorlinga-Ponce, M.;
Fuentes-Panana, E.M. Epstein-Barr virus association with peptic ulcer disease. Anal. Cell. Pathol. 2015, 2015,
164840. [CrossRef]

6. Sanchez-Ponce, Y.; Varela-Fascinetto, G.; Romo-Vazquez, J.C.; Lopez-Martinez, B.; Sanchez-Huerta, J.L.;
Parra-Ortega, I.; Fuentes-Panana, E.M.; Morales-Sanchez, A. Simultaneous Detection of Beta and Gamma
Human Herpesviruses by Multiplex qPCR Reveals Simple Infection and Coinfection Episodes Increasing
Risk for Graft Rejection in Solid Organ Transplantation. Viruses 2018, 10, 730. [CrossRef] [PubMed]

7. Abu-Almaali, H.M.; Al-Khatabi, H.A.; Nasr-Allah, H.A.; Al-Khafaji, Z.M. Duplex PCR primers for detection
of Helicobacter pylori DNA directly from gastric biopsy samples. Karbala J. Pharm. Sci. 2012, 2012, 201–212.

8. Camorlinga-Ponce, M.; Torres, J.; Perez-Perez, G.; Leal-Herrera, Y.; Gonzalez-Ortiz, B.; de la Madrazo
Garza, A.; Gomez, A.; Munoz, O. Validation of a serologic test for the diagnosis of Helicobacter pylori
infection and the immune response to urease and CagA in children. Am. J. Gastroenterol. 1998, 93, 1264–1270.
[CrossRef]

9. Ogata, S.K.; Camorlinga-Ponce, M.; Granato, C.F.H.; Rohr, M.; Artigiani Neto, R.; Kawakami, E. Development
and validation of a whole-cell ELISA for serologically diagnosing Helicobacter pylori infection in Brazilian
children and adults: A diagnostic accuracy study. Sao Paulo Med. J. 2018, 136, 442–448. [CrossRef]

10. Shannon-Lowe, C.; Neuhierl, B.; Baldwin, G.; Rickinson, A.; Delecluse, H.-J. Resting B cells as a transfer
vehicle for Epstein–Barr virus infection of epithelial cells. Proc. Natl. Acad. Sci. USA 2006, 103, 7065–7070.
[CrossRef]

11. Li, Q.; Young, L.; Niedobitek, G.; Dawson, C.; Birkenbach, M.; Wang, F.; Rickinson, A. Epstein–Barr virus
infection and replication in a human epithelial cell system. Nature 1992, 356, 347–350. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0140-6736(75)90498-5
http://dx.doi.org/10.1016/S1074-7613(02)00318-7
http://dx.doi.org/10.1371/journal.pone.0062850
http://www.ncbi.nlm.nih.gov/pubmed/23638154
http://dx.doi.org/10.1038/bjc.2015.175
http://dx.doi.org/10.1155/2015/164840
http://dx.doi.org/10.3390/v10120730
http://www.ncbi.nlm.nih.gov/pubmed/30572622
http://dx.doi.org/10.1111/j.1572-0241.1998.00407.x
http://dx.doi.org/10.1590/1516-3180.2018.0203310818
http://dx.doi.org/10.1073/pnas.0510512103
http://dx.doi.org/10.1038/356347a0
http://www.ncbi.nlm.nih.gov/pubmed/1312681


Pathogens 2020, 9, 623 10 of 11

12. Tsao, S.W.; Tsang, C.M.; Pang, P.S.; Zhang, G.; Chen, H.; Lo, K.W. The Biology of EBV Infection in Human
Epithelial Cells. Semin. Cancer Biol. 2012, 22, 137–143. [CrossRef] [PubMed]

13. Camorlinga-Ponce, M.; Aviles-Jimenez, F.; Cabrera, L.; Hernandez-Pando, R.; Munoz, O.; Soza, J.; Torres, J.
Intensity of inflammation, density of colonization and interleukin-8 response in the gastric mucosa of children
infected with Helicobacter pylori. Helicobacter 2003, 8, 554–560. [CrossRef] [PubMed]

14. Torres, J.; Camorlinga-Ponce, M.; Perez-Perez, G.; Munoz, L.; Munoz, O. Specific serum immunoglobulin G
response to urease and CagA antigens of Helicobacter pylori in infected children and adults in a country
with high prevalence of infection. Clin. Diagn. Lab. Immunol. 2002, 9, 97–100. [CrossRef] [PubMed]

15. Camargo, M.C.; Murphy, G.; Koriyama, C.; Pfeiffer, R.M.; Kim, W.H.; Herrera-Goepfert, R.; Corvalan, A.H.;
Carrascal, E.; Abdirad, A.; Anwar, M.; et al. Determinants of Epstein-Barr virus-positive gastric cancer: An
international pooled analysis. Br. J. Cancer 2011, 105, 38–43. [CrossRef]

16. Tokunaga, M.; Land, C.E.; Uemura, Y.; Tokudome, T.; Tanaka, S.; Sato, E. Epstein-Barr virus in gastric
carcinoma. Am. J. Pathol. 1993, 143, 1250–1254.

17. Yanai, H.; Nishikawa, J.; Mizugaki, Y.; Shimizu, N.; Takada, K.; Matsusaki, K.; Toda, T.; Matsumoto, Y.;
Tada, M.; Okita, K. Endoscopic and pathologic features of Epstein-Barr virus-associated gastric carcinoma.
Gastrointest. Endosc. 1997, 45, 236–242. [CrossRef]

18. Martinez-Lopez, J.L.; Torres, J.; Camorlinga-Ponce, M.; Mantilla, A.; Leal, Y.A.; Fuentes-Panana, E.M.
Evidence of Epstein-Barr virus association with gastric cancer and non-atrophic gastritis. Viruses 2014, 6,
301–318. [CrossRef]

19. Morilla, A.; Melon, S.; Alvarez-Arguelles, M.E.; Armesto, E.; Villar, H.; de Ona, M. Utility of normalized
genome quantification of Helicobacter pylori in gastric mucosa using an in-house real-time polymerase
chain reaction. PLoS ONE 2017, 12, e0178674. [CrossRef]

20. Lage, A.P.; Godfroid, E.; Fauconnier, A.; Burette, A.; Butzler, J.P.; Bollen, A.; Glupczynski, Y. Diagnosis of
Helicobacter pylori infection by PCR: Comparison with other invasive techniques and detection of cagA
gene in gastric biopsy specimens. J. Clin. Microbiol. 1995, 33, 2752–2756. [CrossRef] [PubMed]

21. Ashton-Key, M.; Diss, T.C.; Isaacson, P.G. Detection of Helicobacter pylori in gastric biopsy and resection
specimens. J. Clin. Pathol. 1996, 49, 107–111. [CrossRef] [PubMed]

22. Syahniar, R.; Wahid, M.H.; Syam, A.F.; Yasmon, A. Detecting the Helicobacter pylori 16S rRNA Gene in
Dyspepsia Patients Using Real-Time PCR. Acta Med. Indones. 2019, 51, 34–41. [PubMed]

23. Liu, Q.; Qi, D.; Kang, J.; Jin, Y.; Liu, W.; Gao, W.; Hou, P.; Lu, J. Efficacy of real-time PCR-based detection of
Helicobacter pylori infection and genotypic resistance-guided quadruple therapy as the first-line treatment
for functional dyspepsia with Helicobacter pylori infection. Eur. J. Gastroen. Hepat. 2015, 27, 221–225.
[CrossRef] [PubMed]

24. Vinette, K.M.; Gibney, K.M.; Proujansky, R.; Fawcett, P.T. Comparison of PCR and clinical laboratory tests for
diagnosing H. pylori infection in pediatric patients. BMC Microbiol. 2004, 4, 5. [CrossRef]

25. Oksanen, K.; Kainulainen, H.; Ruuska, T.; Maki, M.; Ashorn, M. Reverse transcription-polymerase chain
reaction in the diagnosis of Helicobacter pylori infection in Finnish children. J. Pediatr. Gastr. Nutr. 1999, 28,
252–256. [CrossRef]

26. Minoura-Etoh, J.; Gotoh, K.; Sato, R.; Ogata, M.; Kaku, N.; Fujioka, T.; Nishizono, A. Helicobacter
pylori-associated oxidant monochloramine induces reactivation of Epstein-Barr virus (EBV) in gastric
epithelial cells latently infected with EBV. J. Med. Microbiol. 2006, 55, 905–911. [CrossRef]

27. Saju, P.; Murata-Kamiya, N.; Hayashi, T.; Senda, Y.; Nagase, L.; Noda, S.; Matsusaka, K.; Funata, S.; Kunita, A.;
Urabe, M.; et al. Host SHP1 phosphatase antagonizes Helicobacter pylori CagA and can be downregulated
by Epstein-Barr virus. Nat. Microbiol. 2016, 1, 16026. [CrossRef]

28. Pandey, S.; Jha, H.C.; Shukla, S.K.; Shirley, M.K.; Robertson, E.S. Epigenetic Regulation of Tumor Suppressors
by Helicobacter pylori Enhances EBV-Induced Proliferation of Gastric Epithelial Cells. mBio 2018, 9.
[CrossRef]

29. Singh, S.; Jha, H.C. Status of Epstein-Barr Virus Coinfection with Helicobacter pylori in Gastric Cancer.
J. Oncol. 2017, 2017, 3456264. [CrossRef]

30. Ji, M.F.; Wang, D.K.; Yu, Y.L.; Guo, Y.Q.; Liang, J.S.; Cheng, W.M.; Zong, Y.S.; Chan, K.H.; Ng, S.P.; Wei, W.I.;
et al. Sustained elevation of Epstein-Barr virus antibody levels preceding clinical onset of nasopharyngeal
carcinoma. Br. J. Cancer 2007, 96, 623–630. [CrossRef]

http://dx.doi.org/10.1016/j.semcancer.2012.02.004
http://www.ncbi.nlm.nih.gov/pubmed/22497025
http://dx.doi.org/10.1046/j.1523-5378.2003.00176.x
http://www.ncbi.nlm.nih.gov/pubmed/14536002
http://dx.doi.org/10.1128/CDLI.9.1.97-100.2002
http://www.ncbi.nlm.nih.gov/pubmed/11777836
http://dx.doi.org/10.1038/bjc.2011.215
http://dx.doi.org/10.1016/S0016-5107(97)70265-7
http://dx.doi.org/10.3390/v6010301
http://dx.doi.org/10.1371/journal.pone.0178674
http://dx.doi.org/10.1128/JCM.33.10.2752-2756.1995
http://www.ncbi.nlm.nih.gov/pubmed/8567918
http://dx.doi.org/10.1136/jcp.49.2.107
http://www.ncbi.nlm.nih.gov/pubmed/8655673
http://www.ncbi.nlm.nih.gov/pubmed/31073104
http://dx.doi.org/10.1097/MEG.0000000000000186
http://www.ncbi.nlm.nih.gov/pubmed/25629566
http://dx.doi.org/10.1186/1471-2180-4-5
http://dx.doi.org/10.1097/00005176-199903000-00008
http://dx.doi.org/10.1099/jmm.0.46580-0
http://dx.doi.org/10.1038/nmicrobiol.2016.26
http://dx.doi.org/10.1128/mBio.00649-18
http://dx.doi.org/10.1155/2017/3456264
http://dx.doi.org/10.1038/sj.bjc.6603609


Pathogens 2020, 9, 623 11 of 11

31. Fachiroh, J.; Paramita, D.K.; Hariwiyanto, B.; Harijadi, A.; Dahlia, H.L.; Indrasari, S.R.; Kusumo, H.; Zeng, Y.S.;
Schouten, T.; Mubarika, S.; et al. Single-assay combination of Epstein-Barr Virus (EBV) EBNA1- and viral
capsid antigen-p18-derived synthetic peptides for measuring anti-EBV immunoglobulin G (IgG) and IgA
antibody levels in sera from nasopharyngeal carcinoma patients: Options for field screening. J. Clin. Microbiol.
2006, 44, 1459–1467. [CrossRef]

32. Li, S.; Deng, Y.; Li, X.; Chen, Q.P.; Liao, X.C.; Qin, X. Diagnostic value of Epstein-Barr virus capsid antigen-IgA
in nasopharyngeal carcinoma: A meta-analysis. Chin. Med. J. 2010, 123, 1201–1205.

33. Levine, P.H.; Stemmermann, G.; Lennette, E.T.; Hildesheim, A.; Shibata, D.; Nomura, A. Elevated antibody
titers to Epstein-Barr virus prior to the diagnosis of Epstein-Barr-virus-associated gastric adenocarcinoma.
Int. J. Cancer 1995, 60, 642–644. [CrossRef]

34. Schetter, A.J.; You, W.C.; Lennette, E.T.; Gail, M.T.; Rabkin, C.S. Association of Epstein-Barr virus antibody
levels with precancerous gastric lesions in a high-risk cohort. Cancer Sci. 2008, 99, 350–354. [CrossRef]
[PubMed]

35. Munoz, L.; Camorlinga, M.; Hernandez, R.; Giono, S.; Ramon, G.; Munoz, O.; Torres, J. Immune and
proliferative cellular responses to Helicobacter pylori infection in the gastric mucosa of Mexican children.
Helicobacter 2007, 12, 224–230. [CrossRef] [PubMed]

36. de Souza, C.R.; de Oliveira, K.S.; Ferraz, J.J.; Leal, M.F.; Calcagno, D.Q.; Seabra, A.D.; Khayat, A.S.;
Montenegro, R.C.; Alves, A.P.; Assumpcao, P.P.; et al. Occurrence of Helicobacter pylori and Epstein-Barr
virus infection in endoscopic and gastric cancer patients from Northern Brazil. BMC Gastroenterol. 2014, 14,
179. [CrossRef] [PubMed]

37. Jeong, J.E.; Kim, K.M.; Jung, H.L.; Shim, J.W.; Kim, D.S.; Shim, J.Y.; Park, M.S.; Park, S.K. Acute Gastritis
and Splenic Infarction Caused by Epstein-Barr Virus. Pediatr. Gastroenterol. Hepatol. Nutr. 2018, 21, 147–153.
[CrossRef]

38. Kim, J.M.; Song, C.W.; Song, K.S.; Kim, J.Y. Acute gastritis associated with Epstein-Barr virus infection in a
child. Korean J. Pediatr. 2016, 59, S68–S71. [CrossRef]

39. Au, W.Y.; Pang, A.; Chan, E.C.; Chu, K.M.; Shek, T.W.; Kwong, Y.L. Epstein-Barr virus-Related gastric
adenocarcinoma: An early secondary cancer post hemopoietic stem cell transplantation. Gastroenterology
2005, 129, 2058–2063. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1128/JCM.44.4.1459-1467.2006
http://dx.doi.org/10.1002/ijc.2910600513
http://dx.doi.org/10.1111/j.1349-7006.2007.00668.x
http://www.ncbi.nlm.nih.gov/pubmed/18201267
http://dx.doi.org/10.1111/j.1523-5378.2007.00493.x
http://www.ncbi.nlm.nih.gov/pubmed/17493002
http://dx.doi.org/10.1186/1471-230X-14-179
http://www.ncbi.nlm.nih.gov/pubmed/25318991
http://dx.doi.org/10.5223/pghn.2018.21.2.147
http://dx.doi.org/10.3345/kjp.2016.59.11.S68
http://dx.doi.org/10.1053/j.gastro.2005.10.011
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patients and Clinical Samples 
	EBV Genome Quantification 
	Helicobacter Pylori PCR Determination 
	Serologic Determination of Anti-EBV VCA and Anti-Hp Antibodies 
	Histopatological Examination 
	Statistical Analysis 

	Results 
	Screening of EBV DNA in Gastric Biopsies and Comparison with Systemic Anti-EBV Antibodies 
	Evaluation of Immune Cell Infiltration in EBV Positive Biopsies 
	Hp Antibody Evaluation in Patients with EBV-Positive vs. Negative Gastric Tissues 

	Discussion 
	Study Limitations 
	References

