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In situ Diagnosis of Helicobacter pylori Infection Using the Endoscopic 
Kyoto Scoring System
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Background/Aims: This study aimed to investigate the possibility of in situ diagnosis of Helicobacter pylori (H. pylori) infection dur-
ing endoscopic examination. The predictive infection value was estimated using the endoscopic Kyoto scoring system (EKSS), and 
specific endoscopic findings were evaluated for diagnosing H. pylori infection in H. pylori naïve patients and those with a erad-
ication history.
Materials and Methods: A total of 836 patients with H. pylori infection were analyzed. The state of the infection was predicted using 
the EKSS and specific endoscopic findings. 
Results: Patients were classified into two groups: the H. pylori naïve group and the group with a the bacterial eradication history. 
The area under the curve (AUC) on receiver operating characteristics analysis was 0.90 for EKSS in H. pylori naïve patients and 
0.83 for the other group patients. For patients with open type atrophy and/or intestinal metaplasia, EKSS (24.4%; 95% CI, 
12.4~0.3%) and regular arrangement of collecting venules (RAC) (46.3%; 95% CI, 30.7~62.9%) showed low specificities. Mucosal 
swelling (66.2%; 95% CI, 62.5~69.7%) and sticky mucus (80.5%; 95% CI, 74.8~85.2%) presented relatively high positive pre-
dictive values for H. pylori infection in naïve patients, whereas reflux esophagitis, hematin, red streak, and duodenitis exhibited high 
negative predictive values in patients with a H. pylori eradication history (98.0%; 95% CI, 96.4~99.1%).
Conclusions: EKSS and RAC are excellent tools for predicting H. pylori infection. However, they have a limited role in patients with 
open type atrophy and/or intestinal metaplasia. Specific endoscopic findings could help predict the infection state. (Korean J
Helicobacter Up Gastrointest Res 2021;21:322-332)
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INTRODUCTION

Helicobacter pylori (H. pylori) infection produces a pro-

longed inflammation of gastric mucosa. It plays a causative 

role in peptic ulcer disease, gastric adenocarcinoma, and gas-

tric mucosa-associated lymphoid tissue lymphoma.1-3 Gastric 

adenocarcinoma can develop from chronic atrophy, in-

testinal metaplasia, and dysplasia due to a prolonged in-

flammation caused by H. pylori infection.4,5 Therefore, erad-

ication of H. pylori infection is important for primary pre-

vention of gastric carcinogenesis.

Nevertheless, gastric adenocarcinoma has been reported 

in a substantial number of patients after H. pylori eradication. 

It is called ‘H. pylori negative gastric adenocarcinoma’. It 

has been hypothesized that precancerous lesions (atrophy 

or intestinal metaplasia) might have potential autonomy 

for gastric carcinogenesis.6 There might be an irreversible 

step at certain time of gastric carcinogenesis. It is believed 

there is a point of no return.7 To overcome the autonomy 

of gastric carcinogenesis, early detection with subsequent 

eradication of H. pylori before severe atrophy and in-

testinal metaplasia could be the best cost-effective strat-

egy to prevent gastric adenocarcinomas. In situ diagnosis 

of H. pylori infection on endoscopic examination can 

contribute to its prevention strategy. When it is combined 

with PCR test for antibiotic resistance genes of H. pylori 

strains on endoscopic examination in situ, therapeutic im-

provement can be achieved based on information of anti-

biotic resistance.8

Previously, for discriminating H. pylori infection, several 

endoscopic findings have been emphasized, including the 

presence of atrophy, intestinal metaplasia, diffuse redness, 

spotty redness, mucosal swelling, enlarged folds, sticky 

mucus, nodularity, hyperplastic polyp, xanthoma, and de-
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pressed erosion known to have positive correlations with 

H. pylori infection, whereas regular arrangement of col-

lecting venules (RAC), fundic gland polyp, red streaks, 

raised erosion, hematin, patchy redness, and map-like 

redness are negatively correlated with H. pylori infec-

tion.9-12 Several endoscopic features have low response 

rates for endoscopists. For example, fundic gland polyp 

and map like redness have low response rates due to 

their rarity, although these are closely related to H. pylori 

negative infection.9,10

In 2015, a global consensus meeting was held at Kyoto, 

Japan to develop consensus on classification of chronic 

gastritis, appropriate diagnostic assessment of gastritis, 

and recommended treatment for H. pylori gastritis.13 

Endoscopic Kyoto scoring system (EKSS) was also pro-

posed, in that meeting. The presence of atrophy, in-

testinal metaplasia, enlarged folds, nodularity, and diffuse 

redness were adapted for EKSS, which was designed for 

the detection of H. pylori infection and risk estimation of 

gastric cancer.14,15 Especially, diffuse redness based on the 

degree of visibility of RAC at body revealed by imaging 

enhanced endoscopy could be a useful discriminative tool 

for the detection of H. pylori infection. Although EKSS 

was a good predictor of H. pylori infection with high ac-

curacy in a previous report,16 there were several limi-

tations to acknowledge the usefulness of EKSS. First of all, 

its cutoff value was ambiguous. When patients had a past 

history of H. pylori eradication therapy, its useful was 

questionable.17

The aim of this study was to evaluate the diagnostic 

predictive value of using EKSS. This study enrolled H. py-

lori naïve patients and those with a history of H. pylori 

eradication. Whether other specific endoscopic findings 

(mucosal swelling, sticky mucus, red streak, and hematin) 

could be useful for the diagnosis of H. pylori infection 

was determined. We also evaluated whether endoscopic 

duodenitis and reflex esophagitis including minor changes 

were correlated with H. pylori infection state.

MATERIALS AND METHODS

1. Participants

This clinical trial was carried out between May 2019 and 

May 2020. This study was approved by the Institutional 

Review Board of St. Vincent’s Hospital, The Catholic 

University of Korea (approval no. VC19OESI0103). They also 

approved a consent procedure. We prospectively enrolled 

patients who were referred to the gastroenterology unit for 

evaluation at St. Vincent’s Hospital, college of Medicine, The 

Catholic University of Korea. Patients were eligible for re-

cruitment if they were older than 18 years of age. Exclusion 

criteria were: 1) active gastric and duodenal ulcers that 

might influence the estimation of H. pylori infection state, 

2) history of gastrectomy, 3) use of proton pump inhibitor 

and histamine receptor-2 blocker within 2 weeks, or 4) 

treatment with antibiotics within 4 weeks. Patients were al-

so excluded if they had significant renal, hepatic, cardio-

vascular, metabolic, or hematological disorders.

2. Diagnosis of H. pylori infection

1) H. pylori naïve patients

The diagnosis of H. pylori infection was made based on 

two or more positive results of rapid urease test (RUT), PCR, 

urea breath test (UBT), histologic evidence by silver stain, 

and serologic test. Two biopsies were used for RUT (CLO® 

test; Kimberly-Clark, Irving, TX, USA). DNAs were extracted 

from specimens using QIAamp DNA Mini kit (Qiagen, 

Valencia, CA, USA) according to the manufacturer’s protocol 

and used for PCR. DNAs were stored at –20℃ until use. PCR 

(Seeplex® ClaR-H. pylori ACE Detection; Seegene Institute 

of Life Science, Seoul, Korea) was performed to identify 

point mutation-containing gene fragments according to the 

manufacturer’s recommendations. 13C-urea breath test was 

performed with a pranactin-citric drug product, a compo-

nent of a BreathTek UBT Kit (Korea Otsuka Pharmaceutical 

Co. Ltd., Seoul, Korea). Three grams of reconstituted pra-

nactin-citric containing 75 mg of 13C-urea was ingested by 

the patient. Breath samples before and 20 minutes after the 

administration of 13C-urea were collected after a mou-

thwash. 13C/12C ratios in breath samples were measured 
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 A  B

Fig. 1. Specific endoscopic findings 
correlated with H. pylori infection state.
Mucosal swelling (A) and sticky mucus 
(B). H. pylori, Helicobacter pylori.

with an infrared spectrophotometer (UBiT-IR300; Korea 

Otsuka Pharmaceutical Co. Ltd.). Changes in 13C value over 

baseline were expressed as Δ13C. A positive result was de-

fined as an increase of >2.5%. The presence of serum IgG 

antibodies against H. pylori (Enzygnost®, Dade Behring, 

Marburg, Germany) was determiend. Antibody titer >15 

U/mL was classified as H. pylori sero-positive, whereas a 

titer <10 U/mL was considered as H. pylori sero-negative 

following the manufacturer’s instructions. H. pylori-neg-

ative patients in this study were judged as H. pylori-unin-

fected patients if two or more tests showed negative results.

2) H. pylori negative patients

The diagnosis of negative infection state of H. pylori 

was made based on two or more negative results of RUT, 

PCR, UBT, histologic evidence by silver stain, and sero-

logic test.

3) Patients with a history of H. pylori eradication

Confirmation of successful eradication by UBT was ob-

tained from medical records. For patients with a history 

of successful eradication, the diagnosis of H. pylori re-in-

fection was made based on one or more positive results 

of RUT, PCR, UBT, and histologic evidence by silver stain. 

The patients with positive result of serum antibody test 

only was excluded in this study.

3. Evaluation of endoscopy

To reduce inter-observer variation, physicians with vary-

ing endoscopy experience were invited to educate the 

EKSS for H. pylori infection. Esophagoduodenoscopy was 

performed using a GIF-XQ 260 (Olympus Medical, Inc. 

Tokyo, Japan). Endoscopic examinations were performed 

by one endoscopist (Chung WC), an actively practicing 

gastroenterologist with experience of >500 diagnostic en-

doscopies per year for 20 years. He predicted the state of 

H. pylori infection based on the EKSC. Other examiners 

reviewed all images in the PACS (Kim YJ, >500 diagnostic 

endoscopies per year with 7 years of experience; Jo IH, 

>500 diagnostic endoscopies per year with 3 years of ex-

perience).

In case of disagreement with two examiners, they were 

excluded in the study. Additionally, we evaluated specific 

endoscopic findings that might be correlated with H. py-

lori infection state, including mucosal swelling, sticky mu-

cus, red streak, hematin, reflux esophagitis, and duode-

nitis. Figs. 1-3 show clinical photos of endoscopic fin-

dings.

1) Mucosal swelling (soft, thick, and distended mucosa) 

is shown in Fig. 1A.

2) Sticky mucus (mucus visualized at non-atrophic area 

in greater curvature of the gastric body) is shown in Fig. 

1B.

3) Red streak (longitudinal red streaks at gastric body 

and antrum) is shown in Fig. 2A.

4) Hematin (red or dark ecchymosis spots or flecks) is 

shown in Fig. 2B.

5) Reflux esophagitis (patchy, striated, or circular epi-

thelial defects in the mucosa in the distal esophagus) is 

shown in Fig. 2C. We also included erythema, blurred junc-

tion between squamous epithelium and columnar epi-

thelium, and increased vascular marking in the distal 

esophagus as minor changes.
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 A  B

Fig. 3. Narrow band imaging with 
magnifying endoscopy. The normal re-
gular arrangement of collecting venules
(RAC) pattern (A) and the abnormal 
pattern correlating with H. pylori in-
fection (B) are shown. H. pylori, Helico-
bacter pylori.

 A  B

 C  D

Fig. 2. Specific endoscopic findings, 
which are not correlated with H. pylori
infection state. Red streak (A), hematin 
(B), reflux esophagitis (C), and duodenitis
(D). H. pylori, Helicobacter pylori.

6) Duodenitis (erythematous or exudative change with 

erosions in the bulb or post bulbar area) is shown in Fig. 

2D. 

7) A normal RAC pattern (small, round pits surrounded 

by honeycomb-like subepithelial capillary networks [SECN]) 

is shown in Fig. 3A. 

8) An abnormal pattern correlating with H. pylori in-

fection (enlarged or prolonged pits with increased density 

of irregular vessels) is shown in Fig. 3B.

Mucosal swelling and sticky mucus were positively cor-

related whereas red streak and hematin were negatively 

correlated with H. pylori infection. In a previous study.11 

These specific endoscopic findings showed relatively high 

sensitivity, specificity, and response rate for endoscopic 

examiners. Atrophy, intestinal metaplasia, enlarged folds, 

nodularity, and RAC pattern were already included in the 
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Reviewed by another endoscopists with PACS

H. pylori eradication history
(n=351)

H. pylori naïve
(n=485)

H. pylori positive
(n=267)

H. pylori negative
(n=218)

H. pylori infection;
two or more positive results
(RUT, PCR, UBT, silver stain, serology)

H. pylori re-infection;
one or more positive results
(RUT, PCR, UBT, silver stain)

H. pylori positive
(n=15)

H. pylori negative
(n=336)

Exclusion by incomplete evaluation, equivocal results,
and disagreement with examiner (n=340)

Screening endoscopy by an expert endoscopist
from 2018 May to 2020 May (n=1,179)

Fig. 4. Flow chart showing patient enrollment in this study. A total of 836 patients were enrolled, including H. pylori naïve patients (n=485) and
those with a history of H. pylori eradication (n=351). PACS, picture archiving and communicating system; RUT, rapid urease test; PCR, polymerase 
chain reaction; UBT, urea breath test; H. pylori, Helicobacter pylori.

Kyoto scoring system. In this study, we did not consider 

other specific endoscopic findings such as fundic gland 

polyp, spotty redness, patch erythema, map like redness, 

or hyperplastic polyp because they had low response 

rates despite high sensitivities. As for reflux esophagitis 

and duodenitis, previous studies have shown equivocal 

results for their correlations with H. pylori infection.18,19

4. Statistical analysis

All data were recorded on standard forms and analyzed 

with a computer. Student’s t-test was used to compare 

continuous variables between the two groups. Differences 

between dichotomous variables were evaluated with chi-

square test. All statistical analyses were performed using 

SPSS package software version 25.0 (SPSS Inc., chicago, IL, 

USA). P-values less than 0.05 were considered significant.

RESULTS

Overall, 1,179 patients were evaluated and 343 patients 

were excluded due to incomplete evaluation, equivocal 

results, or disagreement between examiners. A total of 

836 patients were enrolled in this study. Their mean age 

was 63.1±12.0 years (range, 18~87). The male:female ra-

tio was 1.17:1 (451 males and 385 females). When they 

were divided into two groups based on previous history 

of H. pylori eradication, 485 were H. pylori naive and 

351 had a successful eradication history (Fig. 4). 

1. Diagnostic accuracy by EKSS

EKSS was anticipated to predict H. pylori infection 

state. When cutoff value was 3 points of the EKSS, sensi-

tivity and specificity were 88.8% (95% CI, 84.4~92.3%) 

and 81.2% (95% CI, 75.4~86.2%), respectively. The area 

under the curve (AUC) was 0.90 (95% CI, 0.87~0.93) for 

H. pylori naïve patients. In patients with successful erad-

ication history, EKSS had a sensitivity of 85.7% (95% 

CI, 59.5~98.3%) and a specificity of 68.5% (95% CI, 

55.9~79.5%) for H. pylori re-infection. The AUC was 0.83 

(95% CI, 0.75~0.92) (Fig. 5A).

When only RAC score (cutoff value: 1 point) was used 

to predict H. pylori infection state, its sensitivity, specific-

ity, and AUC were 91.0% (95% CI, 86.9~94.2%), 82.1% 

(95% CI, 76.4~87.0%), and 0.88 (95% CI, 0.85~0.91), re-

spectively, for H. pylori naïve patients and 93.3% (95% CI, 

68.1~99.8%), 71.4% (95% CI, 66.3~76.2%), and 0.85 (95% 
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Fig. 5. Diagnostic accuracy of the endoscopic Kyoto scoring system (A) and diffuse redness (B). Both systems provided excellent diagnostic results 
for predicting H. pylori infection. The gray line (a) for patients with H. pylori naïve patients; black line (b) for those with a history of H. pylori 
eradication. H. pylori, Helicobacter pylori; AUC, area under the curve; CI, confidence interval.

Table 1. Characteristics of H. pylori Naïve Patients Enrolled in the Study

H. pylori-positive H. pylori-negative P-value

H. pylori naïve (n=485) 267 218

  Sex (male) 139 100

  Age 62.70±14.65 60.66±11.65 0.08

    Diagnosis 0.60

      Gastric ulcer 38 26

      Duodenal ulcer 12 8

      Chronic atrophic gastritis 185 154

      Gastric epithelial neoplasia 32 30

  Atrophy <0.01

    (closed type) 126 105

    (open type) 139 41

  Intestinal metaplasia 37 16 0.02

  Kyoto score 3.75±0.46 1.39±0.59 <0.01

  Auto-antibody 5 6 0.52

Special endoscopic finding

  Mucosal swelling 231 46 <0.01

  Sticky mucus 147 21 <0.01

  Reflux esophagitis 61 99 <0.01

  Hemorrhagic spots 37 83 <0.01

  Red streak 17 95 <0.01

  Duodenitis 30 36 0.09

H. pylori, Helicobacter pylori.

CI, 0.77~0.93), respectively, for patients with a successful 

eradication history (Fig. 5B).

2. Diagnostic accuracy in patients with open 
type atrophy and/or intestinal metaplasia

When patients with open type atrophy (2 points) and/or 

intestinal metaplasia (1 point) were selected, with a cutoff 
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Table 2. Characteristics of Enrolled Patients with a History of Successful H. pylori Eradication

H. pylori-positive H. pylori-negative P-value

H. pylori eradication history (n=351) 15 336

  Sex (male) 10 202

  Age 65.98±8.47 64.74±9.98 0.61

  Diagnosis 0.47

    Gastric ulcer 3 48

    Duodenal ulcer 1 25

    Chronic atrophic gastritis 3 119

    Gastric epithelial neoplasia 8 144

  Atrophy 0.02

    (closed type) 5 185

    (open type) 10 129

  Intestinal metaplasia 2 81 0.34

  Kyoto score 3.50±0.52 2.08±0.47 <0.01

  Auto-antibody 2 7 <0.01

Special endoscopic finding

  Mucosal swelling 12 78 <0.01

  Sticky mucus 6 16 <0.01

  Reflux esophagitis 2 169 <0.01

  Hemorrhagic spots 3 186 0.03

  Red streak 0 80 <0.01

  Duodenitis 0 78 <0.01

H. pylori, Helicobacter pylori.

value of 3 points, sensitivity, specificity, and AUC of the 

EKSS were 100.0% (95% CI, 97.4~100.0%), 24.4% (95% CI, 

12.4~0.3%), and 0.62 (95% CI, 0.56~0.69), respectively, in 

H. pylori naïve patients and 100.0% (95% CI, 75.3~100.0%), 

22.4% (95% CI, 15.2~31.1%), and 0.61 (95% CI, 0.57~0.65), 

respectively, in patients with a successful eradication 

history.

When only RAC score (cutoff value: 1 point) was used 

to predict H. pylori infection state in patients with severe 

atrophy and/or intestinal metaplasia, its sensitivity, specif-

icity, and AUC were 97.9% (95% CI, 93.8~99.6%), 46.3% 

(95% CI, 30.7~62.9%), and 0.79 (95% CI, 0.71~0.86), re-

spectively, for H. pylori naïve patients and 100.0% (95% 

CI, 75.3~100.0%), 65.5% (95% CI, 56.1~74.1%), and 0.88 

(95% CI, 0.83~0.94), respectively, for patients with a suc-

cessful eradication history.

3. Specific endoscopic findings

Mucosal swelling and sticky mucus were positively cor-

related with infection state, whereas reflux esophagitis, 

red streak, and hematin were negatively correlated with 

infection state in patients with H. pylori naïve or a history 

of successful eradication (Tables 1, 2). The endoscopic 

finding of mucosal swelling had a sensitivity of 86.2% 

(95% CI, 81.6~90.0%), a specificity of 77.6% (95% CI, 

73.9~81.0%), and a positive predictive value (PPV) of 66.2% 

(95% CI, 62.5~69.7%) for H. pylori infection. Also, sticky 

mucus was a critical diagnostic clue with a sensitivity 

of 54.3% (95% CI, 48.2~60.2%), a specificity of 93.3% 

(95% CI, 90.9~95.3%), and a PPV of 80.5% (95% CI, 

74.8~85.2%). When we evaluated their diagnostic values in 

patients with diffuse atrophy and/or intestinal metaplasia, 

mucosal swelling and sticky mucus could predict H. pylori 

infection state with sensitivity of 70.6% (95% CI, 62.4~

77.9%) and specificity of 68.9% (95% CI, 53.4~81.8%) for 

H. pylori naïve patients (n=188). Their sensitivity and spe-

cificity were 50.0% (95% CI, 21.1~78.9%) and 93.5% (95% 

CI, 88.0~96.9%), respectively, for patients with a successful 

eradication history (n=151).

As for reflux esophagitis, hematin, red streak, and duo-

denitis, they showed negative correlations with H. pylori 
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Table 3. Diagnostic Parameters of Four Endoscopic Findings (Reflux Esophagitis, Hematin, Red Streak, and Duodenitis) for Predicting H. pylori Infection

H. pylori naïve History of H. pylori eradication
Reflux 

esophagitis
Hematin Red streak Duodenitis

Reflux 
esophagitis

Hematin Red streak Duodenitis

Sensitivity 0.23
(0.18, 0.28)

0.14
(0.10, 0.19)

0.06
(0.04, 0.10)

0.11
(0.08, 0.16)

0.20
(0.04, 0.48)

0.20
(0.04, 0.48)

0.00
(0.00, 0.22)

0.00
(0.00, 0.22)

Specificity 0.55
(0.48, 0.61)

0.62
(0.55, 0.68)

0.56
(0.50, 0.63)

0.83
(0.78, 0.88)

0.50
(0.44, 0.55)

0.45
(0.39, 0.50)

0.76
(0.71, 0.81)

0.77
(0.72, 0.81)

PPV 0.38
(0.31, 0.46)

0.31
(0.23, 0.40)

0.15
(0.09, 0.23)

0.45
(0.33, 0.58)

0.02
(0.00, 0.05)

0.02
(0.00, 0.05)

0.00
(0.00, 0.05)

0.00
(0.00, 0.05)

NPV 0.37
(0.31, 0.42)

0.37
(0.32, 0.42)

0.33
(0.28, 0.38)

0.43
(0.39, 0.48)

0.93
(0.89, 0.96)

0.93
(0.87, 0.96)

0.94
(0.91, 0.97)

0.95
(0.91, 0.97)

H. pylori, Helicobacter pylori; PPV, positive predictive value; NPV, negative predictive value.

Table 4. Four-item 4-point Scale of Endoscopic Findings (Hematin, Red Streak, Reflux Esophagitis, and Duodenitis) for Predicting H. pylori Infection 
in H. pylori Naïve Patients (A) and Those with a History of H. pylori Eradication (B)

Cutoff value
1 point 2 points 3 points 4 points

H. pylori (+) H. pylori (-)
(A) H. pylori naïve patients
  Scale (+) 28 105 133 276 42 7
  Scale (-) 239 113 352 209 443 478
  Total 267 218 485 485 485 485
(B) Patients with a history of H. pylori eradication
  Scale (+) 15 317 332 215 143 49
  Scale (-) 0 19 19 136 208 302
  Total 15 336 351 351 351 351

H. pylori, Helicobacter pylori.

Table 5. Diagnostic Parameters of a 4-item 4-point Scale of Endoscopic Findings (Hematin, Red Streak, Reflux Esophagitis, and Duodenitis) for 
Predicting H. pylori Infection in H. pylori Naïve Patients (A) and Those with a History of H. pylori Eradication (B)

1 point 2 points 3 points 4 points
(A) H. pylori naïve patients
  Apparent prevalence 0.27 (0.23, 0.32) 0.57 (0.52, 0.61) 0.09 (0.06, 0.12) 0.01 (0.01, 0.03)
  True prevalence 0.55 (0.51, 0.60) 0.55 (0.51, 0.60) 0.55 (0.51, 0.60) 0.55 (0.51, 0.60)
  Sensitivity 0.10 (0.07, 0.15) 0.42 (0.36, 0.48) 0.02 (0.01, 0.04) 0.00 (0.00, 0.01)
  Specificity 0.52 (0.45, 0.59) 0.25 (0.19, 0.31) 0.83 (0.77, 0.88) 0.97 (0.93, 0.99)
  Positive predictive value 0.21 (0.14, 0.29) 0.41 (0.35, 0.47) 0.12 (0.04, 0.26) 0.00 (0.00, 0.41)
  Negative predictive value 0.32 (0.27, 0.37) 0.26 (0.20, 0.32) 0.41 (0.36, 0.46) 0.44 (0.40, 0.49)
  Positive likelihood ratio 0.22 (0.15, 0.32) 0.56 (0.47, 0.65) 0.11 (0.04, 0.28) 0.00 (0.00, 0.00)
  Negative likelihood ratio 1.73 (1.51, 1.98) 2.34 (1.82, 3.02) 1.18 (1.11, 1.26) 1.03 (1.01, 1.06)
(B) Patients with a history of H. pylori eradication
  Apparent prevalence 0.95 (0.92, 0.97) 0.61 (0.56, 0.66) 0.41 (0.36, 0.46) 0.14 (0.11, 0.18)
  True prevalence 0.04 (0.02, 0.07) 0.04 (0.02, 0.07) 0.04 (0.02, 0.07) 0.04 (0.02, 0.07)
  Sensitivity 1.00 (0.78. 1.00) 0.93 (0.68, 1.00) 0.87 (0.60, 0.98) 0.60 (0.32, 0.84)
  Specificity 0.06 (0.03, 0.09) 0.40 (0.35, 0.46) 0.61 (0.56, 0.67) 0.88 (0.84, 0.91)
  Positive predictive value 0.05 (0.03, 0.07) 0.07 (0.04, 0.11) 0.09 (0.05, 0.15) 0.18 (0.09, 0.32)
  Negative predictive value 1.00 (0.82, 1.00) 0.99 (0.96, 1.00) 0.99 (0.97, 1.00) 0.98 (0.96, 0.99)
  Positive likelihood ratio 1.06 (1.03, 1.09) 1.56 (1.33, 1.83) 2.24 (1.76, 2.85) 5.04 (3.04, 8.35)
  Negative likelihood ratio 0.00 (0.00, 0.00) 0.17 (0.02, 1.11) 0.22 (0.06, 0.79) 0.45 (0.24, 0.84)

H. pylori, Helicobacter pylori.

infection in all subjects. There was a significant difference 

in negative predictive value (NPV) between H. pylori na-

ïve patients and those with a history of successful era-

dication. Estimated NPV for patients with a history of 
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successful eradication was higher than that for H. pylori 

naïve patients (Table 3). When endoscopic duodenitis was 

observed, it only showed a negative correlation with H. 

pylori infection in patients with a history of successful 

eradication, with an NPV of 95.0% (95% CI, 91.0~96.9%). 

When we evaluated discrimination system using the four 

endoscopic findings mentioned above with a 4-point scale, 

patients with a history of eradication showed high NPVs 

(Tables 4, 5).

DISCUSSION

Increasing antibiotic resistance rate, including clari-

thromycin resistance that affects H. pylori eradication 

therapy, is a challenge for clinicians. Based on 23S ribo-

somal ribonucleic acid point mutations, the resistance rate 

for clarithromycin has increased drastically up to 38.5% in 

Korea.8 The standard triple regimen is no longer suitable 

as first-line treatment. There is a growing interest in per-

sonalized care for patients. Tailored therapy based on an-

tibiotic susceptibility could increase H. pylori eradication 

rate.20,21 Therefore, in situ endoscopic diagnosis of H. py-

lori infection could improve the efficacy of eradication 

therapy. When clues for H. pylori infection are observed 

during endoscopy, an antibiotic resistance test can be 

performed with a one-step process. Subsequently, clini-

cians could choose an optimal regimen based on resist-

ance results. Moreover, the strategy of screen-and-treat 

for H. pylori infection would be the most cost-effective in 

regions with a highly prevalence of gastric cancers, espe-

cially Korea.

This is the first study that provides evidence for the 

usefulness of EKSS for predicting H. pylori state in pa-

tients with a history of eradication. EKSS consists of scores 

for gastric atrophy, intestinal metaplasia, enlarged folds, 

nodularity, and diffuse redness. Several studies have in-

vestigated its diagnostic values since its introduction in 

2015. A retrospective study has analyzed H. pylori naïve 

patients whose serum anti-H. pylori antibody has a neg-

ative-high titer (defined as 3~9.9 U/mL) and reported that 

the accuracy of EKSS for H. pylori infection is 89.7% 

when it is analyzed with a score of 2 or higher.16 Another 

study has analyzed endoscopic images of 870 H. pylori 

naïve patients and found that the infection rate shows an 

increasing pattern when the score of EKSS is increased 

from 0 to 2 or more (up to 82%).22 Our results revealed 

that AUC values of ROC curves were favorable (over 0.8) 

in both H. pylori naïve patients and those with a re-

infection. However, the optimal criterion of our study was 

3 points whereas it was 2 points in aforementioned stu-

dies. Results of our study revealed that EKSS as a screen-

ing tool was valuable for both H. pylori naïve patients 

and those with a history of eradication. However, EKSS 

had a lower diagnostic accuracy for those with a re-in-

fection of H. pylori compared to that for H. pylori naïve 

patients.

The degree of visibility of RAC pattern at body con-

stituting the EKSS provided excellent diagnostic results for 

predicting H. pylori infection, comparable to that of the 

EKSS. RAC pattern of gastric mucosa is closely related to 

H. pylori infection status in previous studies.23,24 Accor-

ding to our data, RAC score alone could replace EKSS for 

predicting H. pylori infection state. Especially, when a far 

progressed atrophic change (open type atrophy) is present 

with or without intestinal metaplasia, EKSS would be 3 

points or more, the cutoff level for H. pylori infection. In 

highly prevalent region of H. pylori, the above endo-

scopic findings (open type atrophy and intestinal meta-

plasia) could be common. Taken together, RAC score 

alone could be a simpler and better predictor for H. pylo-

ri infection state than EKSS. Unfortunately, its specificity 

was disappointing.

Because of limitations of in-site diagnosis using EKSS or 

RAC pattern, there would be a considerable need for 

auxiliary endoscopic findings for more accurate decision. 

The presence of mucosal swelling and sticky mucus had a 

relatively high specificity for predicting H. pylori infection 

state, even in patients with diffuse atrophy and/or in-

testinal metaplasia. Simply, the presence of RAC score, 

mucosal swelling, and sticky mucus could diagnose H. py-

lori infection. In the same manner, the presence of hema-

tin, red streak, reflux esophagitis, and duodenitis could 

help decide the H. pylori negative state, showing ex-

cellent NPV for patients with a history of H. pylori eradi-

cation.

Hematin, red streak, and reflux esophagitis on endo-
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scopic findings were negatively related to H. pylori in-

fection regardless of the eradication history. Several stud-

ies have reported that hematin and reflux esophagitis can 

suggest an acidic status.25-27 Considering that hypoacidity 

would be slowly progressed during a long-lasting H. pylo-

ri infection, hematin and reflux esophagitis might have 

developed after eradicating H. pylori infection.28 Also, a 

high diagnostic odds ratio of red streak for H. pylori non-

infection state has been reported.29 Another interesting 

finding was that the presence of duodenitis showed re-

markable NPV. The relationship between duodenitis and 

H. pylori infection state remains controversial.

Different from our results, a previous report has sug-

gested that gastric metaplasia of duodenal mucosa could 

be partially affected by H. pylori infection.18 Duodenitis is 

more common in the H. pylori positive group than in the 

H. pylori negative group in high prevalence regions.30 

Lower H. pylori prevalence and higher duodenitis preva-

lence have been observed in inflammatory bowel disease 

patients than in the general population.31 Surprisingly, our 

results showed that duodenitis was negatively correlated 

with H. pylori infection, especially in patients with a his-

tory of successful eradication. It was unlikely that the 

presence of endoscopic duodenitis was suspected as H. 

pylori infection in H. pylori naïve patients. These opposite 

results could be explained by differences in H. pylori 

prevalence. In addition, a relatively long duration of in-

fection might have influenced these differences. Moreover, 

the diagnosis of negative infection of H. pylori was made 

based on two or more negative results of RUT, PCR, UBT, 

histologic evidence by silver stain, and serologic test. Our 

study had a well-designed control group, whereas most of 

previous studies did not include a control group. On the 

other hand, in cases of H. pylori-positive gastritis, the 

suppressive effect induced by inflammatory cells on pari-

etal cells can reduce gastric acid secretion. After the 

eradication of H. pylori, endoscopic duodenitis could re-

sult in the recovery of gastric acid secretion.

Our study had several strong points compared with 

previous studies. To the best of our knowledge, few stud-

ies have evaluated the diagnostic performance of EKSS, 

especially those comparing two different populations ac-

cording to the presence of previous H. pylori eradication 

treatment. Because the definition of H. pylori infection 

state was strict in this study, the robustness of H. pylori 

diagnosis was kept during the study. All endoscopic im-

ages of enrolled patients were examined by one expert 

and cross-validated independently by two endoscopy 

specialists. These might have eliminated inter-observer 

variation and minimized the intervening of other ob-

servational bias. Nevertheless, this study has several 

limitations. First, all results of this study were derived from 

opinions of only one expert on endoscopic imaging, mak-

ing it difficult to rule out subjectivity. The diagnostic per-

formance of EKSS might be different depending on the 

experience of each endoscopist. Second, the endoscopic 

device used was derived of a single maker (Olympus Cor-

poration, Tokyo, Japan). Results could be different if dif-

ferent equipment are used. Narrow band imaging (NBI) is 

a patented endoscopic light technology. RAC pattern 

should be examined by magnifying endoscopy with NBI. 

Lastly, this study was performed in Korea where the 

prevalence of H. pylori infection was high. In a region with 

a low prevalence of H. pylori infection, the usefulness of 

EKSS remains unclear.

In conclusion, in situ diagnostic performance of EKSS 

for predicting H. pylori infection was excellent for both 

H. pylori naïve patients and those with a history of suc-

cessful eradication. Also, RAC pattern at body could re-

place EKSS. Although efficacies of EKSS and RAC pattern 

for predicting H. pylori infection were decreasing in pa-

tients with open type atrophy and/or intestinal meta-

plasia, supportive endoscopic findings (mucosal swelling, 

sticky mucus, reflux esophagitis, hematin, red streak, and 

duodenitis) could be useful for in situ diagnosis of H. py-

lori infection. Especially, mucosal swelling and sticky mu-

cus had relatively high positive predictive values for H. 

pylori infection in naïve patients, whereas reflux esoph-

agitis, hematin, red streak, and duodenitis had high neg-

ative predictive values in those with a history of H. pylori 

eradication.
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