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Abstract
Background and Aim: Functional dyspepsia (FD) is a multifactorial disorder.
Helicobacter pylori (H. pylori)-related dyspepsia (HpD) may be considered a separate en-
tity. Duodenal eosinophilia is a potential pathogenic mechanism in FD. However, the im-
pact of duodenal eosinophilia and H. pylori virulence genes in HpD was not explored.
We aim to evaluate the association of H. pylori virulence genes and low-grade duodenal
eosinophilia in HpD.
Methods: A multi-center cross-sectional study was conducted. A total of 301 patients who
meet Rome-III criteria were selected before upper endoscopy, and 95 patients were in-
cluded after normal endoscopy and positive H. pylori in gastric biopsies were assessed.
Clinical parameters, H. pylori virulence genes (cagA, oipA, and vacA) and duodenal histol-
ogy were evaluated.
Results: Sixty-nine (72%) patients had epigastric pain syndrome (EPS), 17 (18%)
post-prandial distress syndrome (PDS) and 9 (10%) EPS/PDS overlap. FD syndromes were
not associated with cagA or oipA strains. A significantly trend of vacA s1/m1 (78%) and
s1/m2 (80%) positive strains in EPS was observed. Histological duodenal grading of
chronic inflammation, low-grade duodenal eosinophilia and intra-epithelial lymphocytes
showed no difference in oipA and vacA strains. Low-grade duodenal eosinophilia was sig-
nificant in cagA positive strain, and the OR for low-grade duodenal eosinophilia with H.
pylori cagA positive strain was 4.2 (95% CI, 1.78–9.93). Adjusting for age, gender,
smoking, diabetes, alcohol, PPI, and NSAID, the OR was 5.44 (1.989–14.902).
Conclusion: Our findings suggest that low-grade duodenal eosinophilia is significantly as-
sociated with cagA strain in HpD.

Introduction

Functional dyspepsia (FD) is a highly prevalent disease affecting
approximately 10% of the general adult population,1 with wide
variation related to country and criteria used to define its
presence.2 FD symptoms include epigastric pain, epigastric burn-
ing, postprandial fullness, or early satiety, present for at least
6 months with no structural disease on routine investigation.3 Ac-
cording to Rome-III criteria FD is classified as syndromes,3,4 in-
cluding postprandial distress syndrome (PDS) and epigastric pain

syndrome (EPS). Indeed, FD is a chronic functional gastrointesti-
nal disorder associated with increased health care cost, impaired
work productivity,5 and substantially reduced health-related qual-
ity of life.6

The etiopathogenesis of FD is considered multifactorial in-
cluding associations with the gut-brain axis such as psychologi-
cal distress, altered microbiota, post-infectious gastroenteritis,
and H. pylori, although dyspeptic symptoms associated with
H. pylori by Kyoto consensus may also be considered as a
separate entity.7 H. pylori eradication therapy with antibiotics
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improves symptoms in H. pylori-related dyspepsia (HpD) with a
number needed to treat (NNT) of 9.8 This effect was greater with
metronidazole-containing regimen,9 in patients with microscopic
duodenitis10 and with successful eradication of H. pylori.8

Several neuro-gastroenterological mechanisms have been pro-
posed to explain dyspeptic symptoms; however, the pathophysiol-
ogy is not fully clarified.2 In recent studies, no correlations
between gastric motor disorders with either PDS and EPS were
found,11 raising the possibility that primary gastric dysfunction is
not the main trigger of FD symptoms.12 In the last decade, the the-
oretical basis of the concept of FD has begun to change, in light of
new data focus on the duodenum.13 It was observed that in FD pa-
tients the duodenal mucosa was characterized by a low
grade-duodenal eosinophilia illustrated by an increase in eosino-
phils count14 and degranulation,15 mast cells degranulation,16

and impaired permeability.16 This low-grade duodenal eosino-
philia was associated with submucosal neural dysfunction.17 Note-
worthy, H. pylori infection alone does not have a clinical impact
on the symptoms of FD patients; however, the co-existence of du-
odenal inflammation and H. pylori infection significantly en-
hanced the severity of dyspeptic symptoms.18 These findings
suggest that duodenal inflammation may be an important patho-
genic feature in HpD. Furthermore, H. pylori cagA positive strain
was associated with epigastric pain rather than distention/bloating
symptoms score in a German study of patients with non-ulcer
dyspepsia.19 However, another study form China observed that
postprandial distress syndrome was associated with cagA positive
strain.20 Notably, histological evaluation of duodenal inflamma-
tion by H. pylori virulence genes in HpD was not assessed. The
aim of this study was to evaluate the association of H. pylori
virulence genes and low-grade duodenal eosinophilia in HpD.

Methods
Patients with FD symptoms based on Rome-III criteria who
underwent upper endoscopy at IOT Medical Center, Simes Medi-
cal Institute (Posadas City, Province of Misiones) and University
Hospital San Juan Bautista (Santo Tomé City, Province of Corrien-
tes), Argentina, were evaluated in this prospective observational
study. We consecutively recruited patients newly diagnosed with
FD who were scheduled to undergo upper gastrointestinal endos-
copy from January 2019 to November 2020. The criteria for inclu-
sion were (i) age between 18 and 70 years; (ii) symptoms meeting
Rome-III criteria; (iii) positive Giemsa stain for H. pylori in gastric
biopsies; and (iv) unremarkable endoscopic findings. The criteria
for exclusion before upper endoscopy were (i) progressive, severe
diseases requiring active medical management (e.g. advanced con-
gestive heart failure, uncontrolled diabetes, decompensated cirrho-
sis, end-stage renal failure, neurological disease, advanced cancer,
or psychiatric disorder); (ii) those with a bleeding tendency or tak-
ing warfarin, aspirin, or antiplatelet drugs; (iii) medical conditions
known to increase peripheral and tissue eosinophilia (inflamma-
tory bowel disease, celiac disease, vasculitis, connective tissue
disease, hypereosinophilia syndrome, active infection, and trans-
plantation); (iv) atopic disease such as food allergies (milk, eggs,
peanuts, tree nuts, fish, shellfish, fruit, and vegetables), asthma, al-
lergic rhinitis or drug reaction, and eczema; (v) patients who had
taken an antibiotic and corticosteroids drugs within the past
3 weeks; and (vi) history of previous significant gastrointestinal

pathology (gastro-esophageal reflux disease and peptic ulcer
disease) and history of gastrointestinal surgery (except appendec-
tomy, cholecystectomy, and hernia repair). Patients receiving pro-
ton pump inhibitors (PPI) or non-steroidal anti-inflammatory
drugs (NSAID) were advised to suspend 14 days before endos-
copy. The criteria for exclusion after upper endoscopy were (i) ev-
idence of active peptic ulcer disease or gastro-esophageal erosive
esophagitis; (ii) evidence of gastric malignant disease; (iii) signs
of celiac disease; and (iv) not available gastric or duodenal
biopsies. The study was approved by the local ethical committee.
Written informed consent was obtained from all participants.

Abdominal symptom evaluation. All participants com-
pleted the simplified abdominal symptom questionnaire at entry
and after 6 months of eradication therapy, which contains the fre-
quency (times per week) and severity of abdominal symptoms (en-
compass how the symptoms affect daily activities by numeric
analog scale from 0 to 5). FD patients satisfied the Rome-III
criteria for the past 3 months with symptom onset at least 6 months
prior to diagnosis.3 The diagnostic criteria for FD included one or
more of the following: early satiety, postprandial fullness, epigas-
tric pain, or epigastric soreness. In this case, early satiety and post-
prandial fullness were defined as experiencing symptoms at least 3
times/week, and epigastric pain or epigastric soreness were de-
fined as experiencing symptoms at least 1 time/week.3 FD was di-
vided into two subtypes depending on the symptoms: Epigastric
pain syndrome (EPS) is associated with epigastric pain or epigas-
tric soreness, and postprandial distress syndrome (PDS) is associ-
ated with early satiety or postprandial fullness. Those who meet
both criteria were classified as EPS/PDS overlap syndrome.

Endoscopy. All recruited participants underwent upper gastro-
intestinal endoscopy performed by experienced endoscopists
(F. J. B. and A. S.). Biopsy specimens were collected from lesser
curvature of gastric body (two biopsies), lesser curvature of gastric
antrum (two biopsies), and second portion of duodenum (D2)
(three biopsies) using a Radial Jaw 3 forceps (Boston Scientific,
MA, USA). Only patients with normal endoscopy findings were
included.

Histopathologic analysis. Biopsies were fixed in 10% for-
malin and processed to paraffin embedding for hematoxylin and
eosin (HE) staining by routine methods. The presence of H. pylori
was assessed on gastric biopsies using Giemsa staining in all pa-
tients. Duodenal inflammation was assessed semi-quantitatively
on HE slides for presence and severity of microscopic duodenitis
according to the Updated Sidney Criteria.18,21 For the purpose of
this study, to determine duodenal eosinophils (D-EO) at D2 lamina
propria, five non-overlapping fields on the slides (40× field, HPF)
were selected with the highest eosinophils density and quantified,
data is expressed as mean x HPF, grading as follow: mild: <10,
moderate: ≥ 10 to < 20, and marked: ≥ 20. Although there are
no universally accepted criteria for defining abnormal eosinophil
counts, we graded semi-quantitatively each by 10/HPF based on
previous data of Whittington,22 Kokkonen,23 Lowichik,24

Kalach,25 Lee,26 Leite27 and Genta28 where a threshold of >10
or >20/HPF was used to discriminate higher duodenal eosinophil

Duodenal eosinophilia and H. pylori dyspepsia BF Javier et al.

2 Journal of Gastroenterology and Hepatology (2022) ••–••

© 2022 Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



densities. Duodenal architecture and villi/crypt ratio were assessed
to exclude celiac disease,29 and intra-epithelial lymphocytes (IEL)
were quantified per 100 enterocytes in 3 to 5 villi on 40× field and
grading: very mild: 0–9, mild: ≥ 10 to<20, moderate: ≥20 to<40,
and marked: ≥40. For the purpose of this study, low-grade duode-
nal inflammation was defined as the presence of both ≥ moderate
chronic inflammation and eosinophils densities ≥10 HPF.

DNA extraction and polymerase chain reaction
(PCR). DNA extraction from gastric biopsies was performed ac-
cording to the manufacturer’s instructions (ADN PuriPrep-T kit,
InbioHighway, Argentina). Samples were stored at �20°C until
used. PCR was performed by using specific primers. Target gene,
amplicon size, primer names, and sequences are shown in Table 1.
For PCR amplification, 50 ng of DNA samples was added to a
PCR mixture containing 20 μmol forward and reverse primers,
15 μL of MINT Master Mix 2× (InbioHighway, Argentina) to
the total volume of 25 μL. PCR amplification was performed un-
der the following conditions: initial denaturation at 94°C for 4
min followed by 35 cycles of denaturation at 95°C for 30 s,

annealing for 30 s (Table 1), extension at 72°C for 30 s, and
final polymerization at 72°C for 5 min (Labnet MultiGene
MiniThermocycler). The PCR reaction products were electropho-
resed on 2% agarose gel (Invitrogen, USA), and the bands were vi-
sualized by ethidium bromide staining. The cagA,30 oipA,31 and
vacA32 statuses were determined from H. pylori positive samples
by PCR using their respective primers as described in Table 1.

Statistical analysis and sample size. Sample size cal-
culation was performed assuming a prevalence of duodenal eosin-
ophilia in FD of 47%33 and 70% in HpD.27 We calculated, with
90% of power and alpha level of 0.05, that at least 92 patients with
H. pylori-related dyspepsia would be needed for the study.
Data were presented as mean ± SD or number of subjects (%

of total) as appropriate. Differences between groups were ana-
lyzed by Student’s t-test or ANOVA for normal distribution
and Wilcoxon rank sum test or Kruskal–Wallis test for
non-normal distribution. Categorical values were compared using
chi-square tests. The relationship between duodenal eosinophilia
and H. pylori virulence genes were examined by logistic

Table 1 Primer sets used for genotyping H. pylori virulence genes by PCR

Target site Amplicon size (bp) Primer names and sequences Annealing temperature References

cagA 189 cagA-F (5-TTGACCAACAACCACAAACCGAAG-3) 62°C 28
cagA-R (5-CTTCCCTTAATTGCGAGATTCC-3)

oipA 516 oipA-F (5-CCATGAAAAAAGCTCTCTTACT-3) 55°C 30
oipA-R (5-GTTGAACGAAGGGTAAAAGGGC-3)

vacAs1 259 VA1-F (5-ATggAAATACAACAAACACAC-3) 56°C 31
VA1-R (5-CTgCTTGAATgCgCCAAAC-3)

vacAs2 286 VA1-F (5-ATggAAATACAACAAACACAC-3) 56°C 31
VA1-R (5-CTgCTTGAATgCgCCAAAC-3)

vacAm1 290 VA3-F (5-GgTCAAAATgCggTCATgg-3) 56°C 31
VA3-R (5-CCATTggTACCTgTAgAAAC-3)

vacAm2 352 VA4-F (5-GgAgCCCCAggAAACATTg-3) 56°C 31
VA4-R (5-ATAACTAgCgCCTTgCAC-3)

PCR primer sets, annealing temperature and size of the PCR products used for genotyping H. pylori. F – forward; R – reverse.

FIGURE 1 Study flow-chart. Functional dyspepsia
(FD), epigastric pain syndrome (EPS), postprandial
distress syndrome (PDS).
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regression model (binary response variable, presence or absence
of low-grade duodenal eosinophilia). Univariate models
(only H. pylori virulence genes as a predictor of variable)
and multiple predictor variable models including age,28

gender, diabetes/impaired fasting glucose, smoking,34 alcohol
consumption,35 NSAID,36 and PPI37 as covariates were assessed.
The covariates of the regression model were selected based on
investigator criteria and previous published data associated with
a trend of increase or reduced eosinophils at upper gastrointesti-
nal tract. Data were analyzed using SPSS 22.0, Jamovi 2.2.5 and
Med-Calc, and a two-tailed P < 0.05 was considered statistically
significant.

Results

Study population. Three hundred and one patients who meet
Rome-III criteria were evaluated before upper endoscopy, 125 pa-
tients were H. pylori positive after upper endoscopy and 95 were
included for analysis. A flowchart of the study and baseline char-
acteristics of patients appear in Figure 1 and Table 2. The cohort of
patients was comprised of 52 (55%) women and 43 (45%) men
with a median age of 48.6 ± 12.5 years. The FD syndromes were
as follows: 69 (72%) patients had EPS, 17 (18%) PDS and 9
(10%) were EPS/PDS overlap. In relation to clinical comorbidi-
ties: 27 (29%) patients had type-II diabetes mellitus/impaired

Table 2 H. pylori-related dyspepsia subtypes and clinical variables

Variable Total (n = 95) EPS (n = 69) PDS (n = 17) EPS/PDS (n = 9) P

Age (SD) 48.6 (12.5) 47.7 (12.4) 48.9 (13.4) 54.6 (9.7) ns
Gender (Fem %) 52 (55%) 37 (54%) 12 (71%) 3 (33%) ns
BMI (SD) 27.2 (4.7) 27.3 (4.7) 26.4 (4.7) 27.6 (4.6) ns
Obesity (%) 20 (22%) 13 (20%) 4 (25%) 3 (33%) ns
PPI (%) 34 (36%) 31 (45%)* 2 (12%) 1 (11%) < 0.05
NSAID (%) 37 (39%) 31 (45%) 1 (6%) 5 (56%) < 0.05
Diabetes/IFG (%) 27 (28%) 21 (30%) 3 (18%) 3 (33%) ns
Hypertension (%) 27 (28%) 18 (26%) 4 (24%) 5 (56%) ns
Smoking (%) 33 (35%) 24 (35%) 6 (35%) 3 (35%) ns
Alcohol (%) 60 (63%) 44 (64%) 10 (59%) 6 (63%) ns
Appendectomy (%) 26 (27%) 22 (32%) 2 (12%) 2 (22%) ns
Cholecystectomy (%) 14 (15%) 11 (16%) 2 (12%) 1 (11%) ns

Data are expressed as mean (± SD, standard deviation), or percentage (%) of total. For continuous variables, ANOVA was used. For categorical vari-
ables, chi-square test was used.
*P < 0.05.

Table 3 H. pylori virulence genotypes and clinical variables

cagA oipA vacA

Positive
(n = 43)

Negative
(n = 52)

Positive
(n = 65)

Negative
(n = 30)

s1 m1
(n = 41)

s1 m2
(n = 25)

s2 m1
(n = 4)

s2 m2
(n = 17)

Age (SD) 49.8 (12.1) 47.5 (12.8) 47.9 (12.4) 50 (12.5) 47.9 (12.2) 51.2 (11.4) 32.5 (12.1)* 49.7 (12.5)
Gender (Fem %) 24 (56%) 28 (54%) 35 (54%) 17 (57%) 20 (49%) 14 (56%) 3 (75%) 10 (55%)
BMI (SD) 25.8 (4.3)* 28.5 (4.7) 27.3 (4.7) 26.7 (3.9) 26.4 (4.3) 28.2 (4.6) 27.6 (10.6) 27 (4.8)
Obesity (%) 6 (14%) 14 (27%) 14 (21%) 6 (15%) 7 (17%) 5 (20%) 1 (25%) 5 (29%)
EPS (%) 29 (67%) 40 (77%) 50 (77%) 19 (63%) 32 (78%)* 20 (80%)* 4 (100%) 7 (41%)
PDS (%) 9 (21%) 8 (15%) 11 (17%) 6 (20%) 8 (19%) 2 (8%) 0 6 (35%)
EPS/PDS overlap (%) 5 (12%) 4 (8%) 4 (6%) 5 (17%) 1 (2%) 3 (12%) 0 4 (23%)
PPI consumption (%) 14 (33%) 20 (38%) 21 (32%) 13 (43%) 17 (41%) 5 (20%) 2 (50%) 7 (41%)
NSAID consumption (%) 19 (44%) 18 (35%) 23 (35%) 14 (47%) 13 (327) 13 (52%) 1 (25%) 5 (29%)
Diabetes/IFG (%) 10 (23%) 17 (33%) 19 (29%) 8 (27%) 11 (27%) 9 (36%) 1 (25%) 3 (18%)
Hypertension (%) 11 (26%) 16 (31%) 16 (25%) 11 (37%) 9 (22%) 8 (32%) 1 (25%) 5 (29%)
Smoking (%) 18 (42%) 15 (29%) 24 (37%) 9 (30%) 18 (44%) 7 (28%) 1 (25%) 6 (35%)
Alcohol consumption (%) 27 (63%) 33 (63%) 38 (58%) 22 (73%) 26 (63%) 15 (60%) 2 (50%) 10 (59%)
Appendectomy (%) 12 (28%) 14 (27%) 16 (25%) 10 (33%) 11 (27%) 5 (20%) 2 (50%) 6 (35%)
Cholecystectomy (%) 8 (19%) 6 (11%) 12 (18%) 2 (7%) 9 (22%) 2 (8%) 0 1 (6%)

Data are expressed as mean (± SD, standard deviation), or percentage (%) of total. For continuous variables, unpaired t-test or ANOVA was used. For
categorical variables, chi-square test was used.
*P < 0.05.
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fasting glucose (IFG), 27 (29%) patients had hypertension, mean
BMI was 27.2 ± 4.7 kg/m2 and 20 (21%) patients had obesity
(BMI ≥ 30 kg/m2), regular smoking was present in 33 (35%) pa-
tients, alcohol consumption daily or occasional was referred by
60 (63%) subjects. NSAID and PPI consumption was detected

and discontinued before upper endoscopy in 37 (39%) and 34
(36%) patients respectively (Table 2).
Then, we evaluated the association of FD syndromes and clini-

cal variables in our cohort. There were no differences in FD syn-
dromes at age, gender, BMI, obesity, diabetes/IFG, hypertension,

FIGURE 2 H. pylori virulence genotypes and histological grading of duodenal inflammation at D2. (a) Chronic duodenal inflammation. (b) Duodenal
eosinophils count in lamina propria. (c) Duodenal intra-epithelial lymphocyte (IEL). Data are expressed as (n) subjects and percentage %. *P < 0.05.

FIGURE 3 Duodenal chronic inflammation and duodenal eosinophilia, representative histological photomicrograph (40×). (a) Duodenal mucosa with-
out chronic inflammation. (b) Duodenal mucosa with chronic inflammation and high duodenal eosinophils density adjacent to glands.
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smoking, alcohol use and prior appendectomy or cholecystectomy
(Table 2). EPS subjects had significantly increased PPI consump-
tion (45%) (Table 2). Analysis of NSAID consumption showed
that PDS patients had significantly less consumption than EPS
and EPS/PDS. There was a trend to more proportion of female pa-
tients in PDS (70%) than EPS (53%) and EPS/PDS overlap (33%)
subtypes.

H. pylori virulence genes and clinical variables. Pa-
tients with H. pylori cagA positive strains had significantly lower
BMI compared to cagA negative strain (Table 3). No difference
was observed at clinical variables between oipA strains. FD syn-
dromes were not associated with cagA or oipA strains. We ob-
served a significantly trend of more vacA s1/m1 and s1/m2
positive strains in EPS as compared with PDS and overlap syn-
drome (Table 3).

H. pylori virulence genes and histological grading
of low-grade duodenal inflammation. Histological du-
odenal grading of chronic inflammation, low-grade duodenal eo-
sinophilia and intra-epithelial lymphocytes showed no difference
between oipA and vacA genotypes in HpD subjects (Fig. 2).

Furthermore, no difference in cagA genotype was observed
at intra-epithelial lymphocytes. However, duodenal chronic in-
flammation (21/31, P < 0.05) and low-grade duodenal eosino-
philia (> 10 per HPF) (28/44, P < 0.05) were significantly
increased in cagA positive strain subjects (Figs. 2 and 3). More-
over, cagA positive strain was significantly associated with the
combination of chronic duodenal inflammation and eosinophilia
but not oipA nor vacA virulence genes (Table 4). Then, we evalu-
ated low-grade gastric eosinophilia and virulence genes of H. py-
lori in our cohort, no differences were observed between groups
(Table 5).
Finally, we evaluated clinical variables, H. pylori virulence

genes and low-grade duodenal eosinophilia. Indeed, a higher pro-
portion of patients with cagA positive strain (64%) were signifi-
cantly associated with low-grade duodenal eosinophilia. But no
difference in low-grade duodenal eosinophilia was detected in
oipA positive strain, vacA s1/m1 positive strain, age, gender,
BMI, previous NSAID or PPI consumption, diabetes, hyperten-
sion and FD syndromes (Table 6). The OR for low-grade duodenal
eosinophilia with H. pylori cagA positive strain was 4.2 (95% CI,
1.78–9.93; P = 0.001). After adjusting for age, gender, smoking,
diabetes/IFG, alcohol, PPI and NSAID the OR was 5.44
(1.989–14.902; P < 0.001) (Table 7). These findings showed that
low-grade duodenal eosinophilia is independently associated with
cagA in H. pylori-related dyspepsia.

Discussion
In this cross-sectional study, we investigated the potential associa-
tion of H. pylori virulence genes and low-grade duodenal eosino-
philia in HpD. Our results suggest that low-grade duodenal
eosinophilia is significantly associated with cagA positive strain
in HpD but not oipA and vacA genotypes. Increased eosinophils
densities in duodenum play an important role in pathogenesis of
FD38; however, we failed to detect an association with functional
dyspepsia syndromes and low-grade duodenal eosinophilia as
was demonstrated in H. pylori negative FD.33,37,39

The etiopathogenesis of FD is considered multifactorial includ-
ing associations with gut-brain axis such as psychological distress,
altered microbiota, post-infectious gastroenteritis and H. pylori, al-
though dyspeptic symptoms associated with H. pylori by Kyoto
consensus may also be considered as a separate entity.7 Indeed, ab-
normalities of gastric function including impaired accommodation
or hypersensitivity to distention and delayed emptying have been

Table 4 H. pylori virulence genotypes and low-grade duodenal
inflammation

Low-grade duodenal inflammation

Virulence genes Positive (n = 27) Negative (n = 68)

cagA
Positive (%) 21 (78%)* 22 (32%)
Negative (%) 6 (22%) 46 (68%)
oipA
Positive (%) 20 (74%) 45 (66%)
Negative (%) 7 (26%) 23 (34%)
vacA
s1 m1 (%) 15 (56%) 26 (43%)
s1 m2 (%) 9 (33%) 16 (27%)
s2 m1 (%) 1 (4%) 3 (5%)
s2 m2 (%) 2 (7%) 15 (25%)

Data are expressed as n (percentage %). Chi-square test was used.
*P < 0.05.

Table 5 Low-grade gastric eosinophilia and H. pylori virulence genotypes

Low-grade gastric eosinophilia

Eosinophils Mild: < 10, (n = 73) Moderate: ≥ 10 to < 20, (n = 15) Marked: ≥ 20, (n = 3)

cagA (%) 33 (45%) 6 (40%) 2 (67%)
oipA (%) 48 (66%) 11 (73%) 2 (67%)
vacA s1 m1 (%) 30 (45%) 6 (43%) 2 (67%)
vacA s1 m2 (%) 19 (29%) 5 (36%) 1 (33%)
vacA s2 m1 (%) 4 (6%) 0 0
vacA s2 m2 (%) 13 (20%) 3 (21%) 0

Data are expressed as percentage (%) of total. Biopsies from gastric body and antrum were combined. Chi-square test was used.
*P < 0.05.
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reported in FD, but these changes correlate poorly with
symptoms.11 For instance, symptoms severity in HpD correlated
with microscopic duodenitis18 but not to the degree of H. pylori
gastritis.40,41 Emerging data increasingly point towards the duode-
num as the key integrator in dyspepsia symptom generation, and it
has been proposed that gastric motor dysfunction may be

attributed to disordered duodeno-gastric feedback and low-grade
inflammation.38 Talley et al. proposes a new model of disease that
is initiated by internal and external triggers that induce gastrointes-
tinal barrier dysfunction leading to a low-grade duodenal inflam-
mation characterized by an innate immune response with
increased activation of eosinophils and mast cells.13,14,42,43 Emer-
gent studies have reported that duodenal low-grade inflammation
and increased small intestinal homing T cells correlates with dys-
peptic symptom severity.16,44 Moreover, recent observation corre-
lates duodenal eosinophils or mast cells activation and calcium
transient amplitudes to high K+ or electrical stimulation in FD
patients.17 Duodenal eosinophilia and mast cell degranulation
seem to be related to early step in triggering and sustained visceral
hypersensitivity and altered motor control, but is not clear what is
causing this phenomenon in a group of FD patients but not in
others. Recent data suggest that childhood environmental factors
(herbivore pet),45 luminal triggers (e.g. food, microbiota, and bile
acids),33,46 and increased duodenal acid exposure47 may explain
duodenal mucosal hyperpermeability and low grade inflammation
mediated inhibitory duodeno-gastric motor reflex.
The influence of H. pylori virulence genes on eosinophilic infil-

trates in the duodenum has not been well explored. In our study we
observed a correlation with low-grade duodenal eosinophilia in pa-
tients harboring cagA-positive H. pylori strain but not in oipA or
vacA genotypes. This association remain significant after adjusting
to age, gender, smoking, PPI and vacA s1/m1. Our study failed to
detect an association with duodenal eosinophilia and FD syn-
dromes. Previous reports on FD showed that duodenal eosino-
philia was associated with early satiety and postprandial
fullness.33,34 Indeed, a significant association with vacA s1/m1-
m2 with EPS was observed in this report but not to low grade du-
odenal inflammation. Perhaps, the higher prevalence of EPS

Table 6 Low-grade duodenal eosinophilia, H. pylori virulence geno-
types and clinical variables

Low-grade duodenal eosinophilia

Variable Positive (n = 44) Negative (n = 51)

Age (SD) 44 (11.6) 51 (13)
Gender (Fem %) 22 (50%) 22 (43%)
PDS (%) 9 (20%) 8 (17%)
EPS (%) 32 (73%) 37 (72%)
EPS/PDS overlap (%) 3 (7%) 6 (11%)
BMI (SD) 26.6 (3.9) 27.6 (5.2)
cagA positive (%) 28 (64%)* 15 (29%)
oipA positive (%) 31 (70%) 34 (67%)
vacA s1 m1 positive (%) 21 (48%) 20 (39%)
PPI (%) 14 (32%) 20 (39%)
NSAID (%) 17(39%) 19 (37%)
Diabetes/IFG (%) 9 (20%) 18 (35%)
Hypertension (%) 14 (32%) 13 (25%)
Smoking (%) 13 (29%) 20 (39%)

Data are expressed as mean (± SD, standard deviation), or percentage
(%) of total. For continuous variables, unpaired t-test was used. For cat-
egorical variables, chi-square test was used.
*P < 0.05.

Table 7 Association between low-grade duodenal eosinophilia and H. pylori virulence genotypes

Low-grade duodenal
eosinophilia (LGDEo)

Univariate results Adjusting for age, gender, smoking,
diabetes, alcohol, PPI, and NSAID

n (%) OR (95% CI) P-value OR (95% CI) P-value

cagA +
LGDEo negative 15 (29%)
LGDEo positive 28 (64%) 4.2 (1.78–9.93) < 0.001 5.44 (1.989–14.902) < 0.001
oipA +
LGDEo negative 34 (67%)
LGDEo positive 31 (70%) 1.19 (0.49–2.85) ns
vacA s1/m1 +
LGDEo negative 20 (39%)
LGDEo positive 21 (48%) 1.25 (0.53–2.91) ns
vacA s1/m2 +
LGDEo negative 11 (21%)
LGDEo positive 14 (32%) 1.55 (0.61–3.94) ns
vacA s2/m1 +
LGDEo negative 3 (6%)
LGDEo positive 1 (2%) 0.34 (0.03–3.42) ns
vacA s2/m2 +
LGDEo negative 11 (21%)
LGDEo positive 6 (14%) 0.51 (0.17–1.55) ns

Data are expressed as number of positives genotypes and percentage (%) of total. Low-grade duodenal eosinophilia (LGDEo).
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(72%) in our cohort might have underpowered our PDS patients’
number to detect the association with low-grade duodenal
eosinophilia.48 Noteworthy, the bacterial components and toxins
of H. pylori infection might directly activate mucosal inflamma-
tion, peripheral sensory neurons and enhance the visceral
hypersensitivity,40,49 making it possible that HpD could be a dif-
ferent pathophysiological entity from FD.7 Previous study on
HpD patients have shown an upregulation of the chemokine pep-
tide RANTES (Regulated on Activation, Normal T
cell-Expressed and -Secreted), which is a chemoattractant to
eosinophils.50 While the correlation between increased duodenal
eosinophils densities and cagA strain does not prove causality,
confirmation from mechanistic studies is needed to clarify the clin-
ical role of low-grade duodenal eosinophilia in HpD. In this re-
gard, the interaction between H. pylori virulence genes, host
genetic inflammatory background, low-grade duodenal inflamma-
tion and FD syndromes could explain HpD phenotypes and will be
evaluated in our future research.
The strengths of this study are that is a prospective evaluation

from a well-defined H. pylori-related FD cohort based on
Rome-III criteria with normal upper endoscopy. H. pylori viru-
lence genes were genotyped in > 95% of subjects. Furthermore,
more than 90% of the duodenal biopsies were evaluated and Pa-
thologists were blinded to medical history before evaluation.
The limitations of the study include (i) population studied: Our

cohort comprised of South-American population of H. pylori-
related functional dyspepsia with high proportion of EPS patients
rather than PDS; (ii) histological evaluation of duodenal samples
from D2 only: we choose to evaluate D2 based on previous data
where duodenal eosinophilia and degranulation was observed in
FD subjects at D2 but not D1 when was compared to healthy
controls34,51; (iii) psychological factors were not evaluated; and
(iv) validated questionnaires were not used. Based on this limita-
tions, the results may not apply to other referral centers with differ-
ent ethnic background and more data are needed to confirm the
associations observed here.
In conclusion, the results of this prospective cross-sectional

study suggest that low-grade duodenal eosinophilia is associated
with cagA strain but not with FD syndromes in HpD patients.
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