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Abstract

Despite guidelines for detection and treatment of Helicobacter pylori infection, recommendations 

to test patients before and after therapy are commonly not followed in the United States. At the 

Houston Consensus Conference, 11 experts on management of adult and pediatric patients with H 
pylori, from different geographic regions of the United States, met to discuss key factors in 

diagnosis of H pylori infection, including identification of appropriate patients for testing, effects 

of antibiotic susceptibility on testing and treatment, appropriate methods for confirmation of 

infection and eradication, and relevant health system considerations. The experts divided into 

groups that used a modified Delphi panel approach to assess appropriate patients for testing, 

testing for antibiotic susceptibility and treatment, and test methods and confirmation of 

eradication. The quality of evidence and strength of recommendations were evaluated using the 

GRADE system. The results of the individual workshops were presented for a final consensus vote 

by all panel members. After the Expert Consensus Development meeting, the conclusions were 

validated by a separate panel of gastroenterologists, who assessed their level of agreement with 

each of the 29 statements developed at the Expert Consensus Development. The final 
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recommendations are provided, on the basis of the best available evidence, and provide consensus 

statements with supporting literature to implement testing for H pylori infection at health care 

systems across the United States.
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Since 2015, 4 major Helicobacter pylori consensus documents have been published.1–4 The 

stimulus for this consensus conference was that, despite previous guidelines, 

recommendations regarding appropriate testing before therapy were commonly not 

followed, and testing after therapy was also not recommended for practitioners in the United 

States.5 For example, a large 2007 retrospective study of US pharmacy claims involving 1.9 

million health plan members showed serology to be the most common H pylori test used.6 A 

more recent study, performed between 2010 and 2013, analyzed first-time H pylori 
diagnostic tests among more than 100 million individuals and reported that serology was 

used in ~70% of 515,700 tests, of which 4.2% were positive.7 Serology was used in ~70%; 

15,495 tests (4.2%) were positive.7 Despite the need to confirm the results of serologic tests 

in low prevalence populations,8 only a minority of patients with positive serology had 

confirmatory testing (ie, urea breath test [UBT] in ~16% and stool antigen immunoassay 

[HpSAg] testing in 11%) within the 14-day window allowed by the study. Although 

reimbursement potentially influences practice patterns, the Centers for Medicare and 

Medicaid Services reimburses all methods of H pylori testing and at that time reimbursed 

$19.80 for serology, $91.89 for UBT, and $19.62 HpSAg. Since that time, several 

commercial insurance companies have designated serology as not medically necessary and 

no longer reim-burse for that test.7

A 2017 study among practicing gastroenterologists reported gastric biopsy as the most 

common diagnostic method (59%) followed by HpSAg (20%)9; the pre-dominance of 

biopsy likely reflected the fact that specialist practice often consists of referrals. The most 

common therapy prescribed was standard triple therapy, and among these 53% were for 14 

days and 30% were for 7 or 10 days. This regimen has continued to be used despite data that 

the cure rates with standard triple therapy had fallen below 80% by 2000.10–13 The issue of 

falling cure rates was not incorporated into the guidelines until 201214 and not explicitly 

until 2017.1 Moreover, despite declining eradication rates with standard triple therapy, 

gastrointestinal physicians report confirming H pylori eradication in only 58% of cases.9

Clearly, a knowledge gap regarding best practices for H pylori diagnosis and therapy exists 

even among physicians most likely to be considered experts by their colleagues, and despite 

regularly updated guidelines, many gaps persist in practice. The guidelines developed by this 

consensus group focused on identifying the target populations for diagnosis and therapy with 

the aim of providing practical advice for US practitioners and recommendations for 

guidelines and to be adopted by US health care systems.

Clearly, performance gaps exists in the practice of H pylori diagnosis and therapy even 

among expert physicians, and despite regularly updated guidelines. We convened a 
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consensus conference to develop a set of recommendations for appropriate diagnostic testing 

and treatment strategies focusing on eradication of active H pylori infections. These 

recommendations would provide practical advice for US practitioners, and also guidelines to 

be adopted by US health care systems.

Methods

The first step was to identify areas that would potentially be discussed at the meeting and to 

develop a set of draft consensus statements. This was done by the meeting leaders, Drs 

Graham and El-Serag, who compiled a list of important unresolved issues that included: (1) 

the impact of H pylori on gastric pathology if left untreated; (2) the amount of unnecessary 

hospitalizations due to H pylori–related gastric pathology; (3) the ability to reduce antibiotic 

overuse (or misuse) through active infection testing; and (4) the role of a test-treat-test 

strategy for H pylori diagnosis and eradication confirmation in the outpatient setting. We 

prepared draft consensus statements for the following 4 key topics related to H pylori 
management: (1) Who are the appropriate patient groups for testing?; (2) What is the impact 

of antibiotic susceptibility on testing and treatment of H pylori infection; (3) What are the 

appropriate testing methods for confirmation of eradication?; and (4) What are the health 

system considerations that are relevant to H pylori testing?

We used a modified Delphi panel approach, which is an iterative, evidence-based process 

that combines the best available scientific data with the collective judgment of experts to 

develop the consensus statements. For each of the draft consensus statements, key references 

were identified, and with the assistance of a commercial vendor (Hospicom, Cold Spring, 

NY) draft consensus statements were developed.

We identified an 11-member, multidisciplinary, expert panel consisting of opinion leaders in 

H pylori management from different geographic regions of the United States to assess the 

appropriateness of the candidate statements. Participants included adult and pediatric 

gastroenterologists, family and internal medicine practitioners, and experts in laboratory 

medicine. The group was sufficiently large to provide geographic, practice setting, and 

knowledge/attitude/belief diversity, and small enough to allow the dynamic exchange in a 

group discussion.15 The panel members met in a 1-day face-to-face meeting.

Before the meeting, copies of the draft statements were sent to the invited panel members 

and the invitees were instructed to review, revise, and modify the draft consensus statements. 

Invitees were also instructed to review the available evidence and to be able to present the 

evidence and debate the issues at the face-to-face meeting designed to result in a consensus 

among the group for each statement. Each invitee was directed to prepare their point of view 

on each statement they were assigned and to state whether they agreed with the statement as 

written or to propose revisions and to provide the evidence in both cases. All invitees were 

asked to vote on all the statements for group consensus results.

The Expert Consensus Development Meeting was held in Houston, Texas, on October 28, 

2016, to refine and vote on the statements. The quality of evidence and strength of 

recommendations were evaluated using the GRADE system (Table 1).16,17 Voting was done 
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using ballots which were immediately tabulated and the levels of agreement were shown on 

the screen using a 5-point Likert-type scale with responses ranging from 1 (strongly 
disagree) to 5 (strongly agree).

The attendees were divided into 3 work groups: (1) identification of appropriate patients for 

testing; (2) antibiotic susceptibility testing and treatment of H pylori infection; and (3) 

testing methods and confirmation of eradication. The teams refined and revised the 

statements and either agreed with the statement as written or provided a revised statement. 

Additionally, they were also asked to provide key references and to assign a grade and level 

of evidence for each statement. The statements and rationale were then presented to the full 

meeting participants and all statements were assigned a score using the 5-point Likert-type 

scale regarding the level of agreement. The statements either achieved consensus, when 80% 

or more indicated they strongly agreed or agreed with the statement, or achieved no 

consensus. Those statements failing to achieve consensus underwent postvote revision with 

full group discussion followed by a second and final vote to attempt to reach consensus.

External Validation

After the Expert Consensus Development meeting at which the statements were refined or 

revised, and the consensus was reached, an external validation was done where the 

statements were posed to a separate panel of gastroenterologists to assess their level of 

agreement with statements designed by the expert panel. Validation was tested using an 

online survey that assessed the level of agreement with each of the 29 statements previously 

developed at the Expert Consensus Development Meeting was assessed using a 5-point 

Likert-type scale with responses ranging from 1 (strongly disagree) to 5 (strongly agree).

The validation group was identified by an expert contract group (SERMO, New York, NY) 

who identified 100 respondents who met all the criteria listed in Supplementary Tables 1 and 

2 from a panel of 4100 U.S.-based gastroenterologists. Each respondent received a nominal 

incentive of $15 to complete the survey. The results of their responses were then tabulated 

and compared with those of the expert panel.

Role of the Sponsor

The consensus conference was sponsored by Otsuka America Pharmaceutical, Inc (OAPI). 

Each conference participant received an honorarium from OAPI. Members of OAPI’s 

Medical Device Division were present and made brief introductions, but were not involved 

in substantive discussions or drafting of the manuscript. The final draft of the manuscript 

was reviewed by OAPI.

Meeting Logistics and Coordination

Planning for the meeting including meeting logistics and coordination of travel was done by 

Hospicom. Additionally, Hospicom helped to identify the appropriate references, provided a 

scribe for each working group, managed the details of blinded voting, and assisted in 

preparing the slides used to present the drafts of the statements.
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Results

The 11 members of the working group met in Houston, Texas, for an all-day meeting to 

discuss, debate, and revise the statements drafted in advance of the meeting. The original 

topics were: (1) identification of appropriate patients for testing (14 statements); (2) 

antibiotic susceptibility testing and treatment of H pylori infection (5 statements); and (3) 

testing methods and confirmation of eradication (11 statements; 1 statement was duplicated 

and in 2 groups). The group achieved consensus (defined as 80% or more agreed or strongly 

agreed) for 27 of the 29 statements. All 29 statements were submitted to the external review 

panel, and 6 statements, including the 2 not agreed upon by the expert panel, did not achieve 

consensus when reviewed by the external panel. All 6 of the statements that did not achieve 

consensus were within the “Identification of Appropriate Patients for Testing” topic. Finally, 

the statements were reformatted as recommendations using published guidelines.18

Statements

Identification of appropriate patients for testing approved by both the panel and the external 

group

• Statement 1: We recommend that all patients with active H pylori infection be 

treated (100% agree/strongly agree, Grade 1A).

• Statement 2: All patients with current or past gastric or duodenal ulcers should 

be tested for H pylori infection (100% agree/strongly agree; Grade 1A).

• Statement 3: We recommend that all patients with uninvestigated dyspepsia be 

tested for H pylori infection (100% agree/strongly agree, Grade 1A).

• Statement 4: We recommend routine testing for H pylori infection in patients 

with reflux symptoms only if they are at high risk for H pylori-related disease 

(91% agree/strongly agree, Grade 1C).

• Statement 5: We recommend that patients with gastric mucosa-associated 

lymphoid tissue (MALT) lymphoma be tested for H pylori infection (100% 

agree/strongly agree, Grade 1B).

• Statement 6: We recommend that individuals with family history of gastric 

cancer be tested for H pylori infection (100% agree/strongly agree, Grade 1B).

• Statement 7: We recommend that patients who are first-generation immigrants 

from high prevalence areas be tested for H pylori infection (82% agree/strongly 

agree, Grade 1B).

• Statement 8: We suggest that patients of Latino and African American racial or 

ethnic groups may be considered for H pylori testing due to their high risk of 

infection (91% agree/strongly agree, Grade 2C).

The underlying principles regarding testing for H pylori are that H pylori infection is 

associated with a significant risk of important clinical outcomes, and that risk is not 

predictable for a given individual. The infection causes chronic progressive damage to the 

gastric mucosa that in 20%–25% of individuals will result in life-threatening clinical 
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outcomes such as peptic ulcer or gastric cancer.19–22 H pylori infection differs from other 

chronic infections with long latent periods and clinically important outcomes such as 

tuberculosis and syphilis in that H pylori remains transmissible (Statement 1).19 Therefore, 

the Kyoto consensus guideline defined H pylori as an infectious disease that when diagnosed 

should be cured unless there are extenuating circumstances.4 While in the United States the 

prevalence of H pylori infection is relatively low in the overall general population, there are 

large sub-populations (eg, African Americans, Hispanics, Korean Americans, Chinese 

Americans) with high H pylori prevalence and increased risk of important clinical outcomes 

such as peptic ulcer or gastric cancer.21,23,24

H pylori is etiologically related to gastric and duodenal ulcers, gastric cancer, and MALT 

lymphoma.25 Peptic ulcer disease is one of the most common and important clinical 

manifestations of H pylori infection. Patients with a current or past history of a 

gastroduodenal ulcer should be considered to be at risk of peptic ulcer disease until the cause 

of the disease is eliminated (Statement 2). The natural history of peptic ulcers in patients 

with uncured H pylori ulcer disease is complicated with potentially life-threatening 

complication, most often bleeding in approximately 25% of the infected individuals.19,20 

Cure of the infection results in healing of peptic ulcers and prevention of recurrence and 

ulcer complications such as bleeding or rebleeding.26

Dyspepsia has been defined as predominant epigastric pain lasting at least 1 month.27 

Patients with uninvestigated dyspepsia represent a special problem because their clinical 

presentation overlaps with the presenting symptoms of H pylori–related peptic ulcer disease 

(Statement 3). H pylori is one of the causes of dyspepsia in the absence of peptic ulcer. 

However, the number needed to treat for H pylori to achieve 1 symptomatic response has 

been estimated at 8,28 perhaps due to the delayed or exaggerated response of the functional 

components of the patient’s symptomatology. The recommendation to test and treat those 

with dyspepsia and H pylori infection has been included in the Kyoto, Maastricht, American 

College of Gastroenterology, and Canadian consensuses.1,2,4,27 Although H pylori 
eradication may not resolve the clinical problem of dyspepsia in most patients, successful H 
pylori eradication therapy will reduce significantly the long-term risk of developing either 

peptic ulcer or gastric cancer.29 While many infected patients remain asymptomatic and may 

never develop complications, there are no predictors to determine which patients with non-

atrophic H pylori-associated gastritis that, if left un-treated, will not progress.4

Gastroesophageal reflux disease (GERD) is typically a manifestation of robust acid secretion 

and an abnormal esophagogastric antireflux barrier. In the US population, where H pylori is 

infrequent, there is an inverse correlation between the prevalence of H pylori and erosive 

esophagitis or Barrett’s esophagus.30 Thus, the recommendation not to routinely use 

noninvasive testing for H pylori in patients with GERD unless they are at high risk for H 
pylori disease (eg, on the basis of ethnic group; Statement 4). While this may seem to 

conflict with the recommendation that H pylori eradication be considered for patients who 

use proton pump inhibitors (PPIs), that recommendation is limited to the subset of GERD 

patients in whom longer term PPI use is planned (Statement 10). High acid output is also 

associated with antral predominant H pylori gastritis and with duodenal ulcer disease. If 

endoscopy is done for any reason such as to evaluate heartburn symptoms, it would be 
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prudent to include gastric biopsy to exclude H pylori infection. Treatment of H pylori in 

patients with GERD does not alter the course or treatment of that disease.1,31

Gastric B cell lymphoma (also known as MALT lymphoma) and gastric cancer are both 

etiologically related to H pylori infection.32 Because MALT lymphoma is often responsive 

to H pylori eradication, it is recommended that all patients with gastric MALT lymphoma be 

tested for H pylori with the idea that treatment will usually produce a remission or even a 

cure (Statement 5).33

First-degree relatives of those with symptomatic H pylori disease such as peptic ulcer or 

gastric cancer are usually raised in the same environment and household as the affected 

patient (Statements 2 and 11).34 Because H pylori is primarily acquired in childhood and 

transmitted within families, first-degree relatives are at increased risk of H pylori infection 

and disease outcomes, leading to the recommendation that these individuals are candidates 

for an H pylori test and treat strategy (Statement 2 and 6).35 Whether it is cost effective to 

extend this recommendation to all family members, particularly those in close contact with 

an H pylori–infected individual, is unknown but seems reasonable.

In many areas of the world, H pylori infections are still common as reflected by gastric 

cancer still being the fourth most common cause of cancer deaths.36 Japan, Korea, China, 

and Taiwan all have particularly high gastric cancer rates and have either begun or are 

considering, countrywide H pylori screening and eradication for gastric cancer prevention.
4,29,37 The prevalence of H pylori infection is high among people born in those areas, and 

they retain the infection and the associated high risk of gastric cancer despite immigration to 

low gastric cancer countries such as the United States.38 These individuals become part of 

the US population at increased risk of gastric cancer, and should be considered for an H 
pylori test and treat program (Statements 7 and 8). Latino and African American racial-

ethnic groups in the United States also have an increased prevalence of H pylori and an 

increased risk of gastric cancer (Statement 8).23 Those with extensive atrophy should also be 

considered for cancer surveillance if such a program and expertise is available locally.29

Achieving consensus by the expert panel but not by the external reviewers

In most instances, the expert panel and external validation panel were in high agreement. 

The reasons offered for disagreement are shown in Supplementary Figures 1–6 for each 

question where the 2 groups differed. These generally related to the less well-known 

associations of H pylori with diseases or conditions, and in which there were relatively few 

large and high quality clinical trials on which to base judgement.

• Statement 9: We recommend that patients with idiopathic thrombocytopenia be 

tested for H pylori infection (experts vs survey: 100% vs 68% agree/strongly 

agree, Expert Grade 1B) (Supplementary Figure 1).

This statement is based on observational data showing that antimicrobial therapy may be 

associated with improved platelet counts in idiopathic thrombocytopenia.39 Those infected 

with a CagA-positive H pylori infection are most likely to show increased platelet count 

following successful H pylori eradication therapy.39–42 Much of the positive literature comes 

from Japan, where most infections are CagA positive. The American Society of Hematology 
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2011 guidelines (which are at this time under revision) have recommended H pylori testing 

and eradication of H pylori infection in adults with idiopathic thrombocytopenia (ie, 

“Screening for H pylori should be considered in adults for whom eradication therapy would 

be undertaken if testing were positive. Eradication therapy for H pylori should be 

administered to patients who are found to have an infection”).43 In the United States, CagA-

positive strains are less prevalent than in Asian countries and thus one should expect a lower 

response rate than in Asian countries.

• Statement 10: We suggest that patients receiving long-term PPIs (>1 month) be 

tested for H pylori infection (experts vs survey: 82% vs 68% agree/strongly 

agree, Expert Grade 2C) (Supplementary Figure 2)

This statement is based on studies suggesting an association between PPI use and increased 

risk of developing atrophic gastritis, the acknowledged primary risk factor (or predisposing 

lesion) for gastric cancer.44–48 Their observation of an acceleration in the development and 

severity of corpus gastritis, including enhanced development of intestinal metaplasia, has 

been supported by a number of other studies.49–52 Detailed studies have shown that by 

reducing acid secretion in the gastric corpus, PPI therapy alters the H pylori corpus mucosa 

interaction, allowing the infection to extend into the gastric pits, where it elicits an 

inflammatory response that involves the proliferative zone.53 However, long-term clinical 

data to substantiate clinically adverse outcomes with PPI use in such cases are still lacking.

• Statement 11: We recommend that family members residing in the same 

household of patients with proven active H pylori infections undergo H pylori 
testing (experts vs survey: 91% vs 78% agree/strongly agree, Expert Grade 1B) 

(Supplementary Figure 3).

• Statement 12: We recommend that individuals with a family history of peptic 

ulcer disease be tested for H pylori infection (experts vs survey: 91% vs (73% 

agree/strongly agree, Expert Grade 1B) (Supplementary Figure 4).

These statements are based on the concept that it is reasonable to search and, if present, 

eradicate H pylori in high-risk groups. H pylori infections are usually acquired during 

childhood and spread among families.54–57 Thus, first-degree relatives of those with H 
pylori are also likely to be at higher risk of H pylori acquisition and of H pylori–related 

diseases (peptic ulcer and gastric cancer) than the general US population.34,58–61

Failed to achieve consensus by the panel and external group

• Statement 13: We suggest that patients taking daily nonsteroidal anti-

inflammatory drugs for more than short periods (eg, >1 month) be tested for H 
pylori infection (experts vs survey: 73% vs 68% agree/strongly agree, Expert 

Grade 2C) (Supplementary Figure 5).

This statement is based on observational data showing that the presence of an H pylori 
infection is associated with approximately double the risk of bleeding as a nonsteroidal anti-

inflammatory drugs complication, and clinical trials data showing that H pylori eradication 

markedly reduces the risk of bleeding among those using aspirin daily.62,63
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• Statement 14: We suggest that H pylori testing be considered in patients treated 

with medications whose absorption is known to be impacted by infection (eg, L-

DOPA, thyroxin; experts vs survey 63% vs 68% agree/strongly agree, Expert 

Grade 2C) (Supplementary Figure 6).

This statement was based on limited evidence that H pylori infection reduces the 

bioavailability of a number of drugs, possibly by reducing intragastric pH. There are data 

regarding the effectiveness of bioavailability of iron, thyroxin, L-DOPA, possibly 

delavirdine, and ketoconazole.64–66

Antibiotic susceptibility testing and treatment of H pylori infection approved by both the 

panel and the external group

• Statement 15: We recommend that empiric eradication therapy for H pylori be 

based on region or population-specific antibiotic susceptibility data (91% agree/

strongly agree, Grade 1B).

• Statement 16: We recommend consulting an expert following 2 proven 

unsuccessful treatment attempts with different antibiotics suggesting multidrug 

resistance (82% agree/strongly agree, Grade 1B).

• Statement 17: We recommend that validated diagnostic testing of stool or gastric 

mucosal biopsy by culture and susceptibility, or molecular analysis be 

universally available (100% agree/strongly agree, Grade 1).

• Statement 18: We suggest that antibiotics that may be routinely evaluated for 

susceptibility include amoxicillin, clarithromycin, levofloxacin, metronidazole, 

and tetracycline (100% agree/strongly agree, Grade 2C).

• Statement 19: We recommend that professional societies provide the research 

needed to support evidence-based reimbursement decisions for antibiotic 

susceptibility testing for H pylori (100% agree/strongly agree, Grade 1).

Discussion of Statements Regarding Antibiotic Susceptibility Testing and Treatment of H 
pylori Infection

H pylori is an infectious disease caused by a Gram-negative spiral bacterium. Since the 

introduction of antibiotics, the basis of choice of therapy has been to use a susceptibility-

based approach.67 Traditionally, antimicrobial treatment regimens are first optimized in 

terms of treatment parameters such as drugs, doses, formulations, methods of administration, 

and the frequency and duration of administration to reliably achieve the highest cure rates 

obtainable. For most common infectious dis-eases, there may be more than 1 choice (Table 

2). New acceptable regimens are those confirmed to be non-inferior to the best current 

regimens.10,68,69 Choice of the best regimen for the individual patient is then based on 

secondary parameters such as availability, cost, methods of administration, the presence of 

allergy, and patient tolerance and compliance. The timing of initial therapy should be guided 

by the urgency of the situation.67 As H pylori infections are typically acquired in childhood 

and present in adulthood, there are few, if any, situations where urgent therapy is needed.
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H pylori is susceptible to a variety of widely available antibiotics. Because community, 

region, and countrywide antimicrobial surveillance for H pylori are not yet available, 

providers are generally required to choose a therapy empirically.68 One definition of empiric 

antibiotic therapy is drug selection based on experience and relevant indirect information 

including current resistance patterns (http://amrls.cvm.msu.edu/integrated/principles/

pharmacology). The lack of knowledge of current H pylori resistance patterns places a 

requirement on the provider to obtain history of prior antimicrobial use by the patient, and to 

have knowledge of the local or regional success with different antimicrobial regimens. 

Because antimicrobial susceptibility testing is available locally for essentially all other 

important pathogens, it seems reasonable that it should also be offered for H pylori and that 

H pylori should be included in local, regional, and national antimicrobial surveillance 

programs. The main issues preventing this from being realized include lack of a demand for 

the services and reimbursement for testing. As molecular testing becomes more feasible and 

practical, it seems likely that it should become available at least for clarithromycin and 

fluoroquinolones.70 However, the problem of securing appropriate reimbursement remains to 

be solved.

Antimicrobial resistance is generally related to antibiotic use in the community (ie, 

increasing antibiotic use leads to an increasing prevalence of resistance). Over the last 3 

decades, macrolide and fluoroquinolone use have markedly increased with a concomitant 

increase in their resistance in H pylori. Most clinical trials of antimicrobials for H pylori 
therapy have generally not featured susceptibility testing. Recommendations by professional 

societies have generally focused on the results of comparisons of trials done in populations 

where antimicrobial resistance has greatly affected outcomes.71 As such, a recommendation 

that regimen A is superior to B is often based on results of meta-analysis in which both 

regimens achieved unacceptable low cure rates due to resistance. However, these results are 

population-specific and not generalizable.71 For example, the results in the comparison may 

show an average cure rate of 76% for a regimen such as bismuth quadruple therapy, which 

reliably achieves 95% or greater cure rates with adherent patients with susceptible 

infections. It has also resulted in the pragmatic misuse of antibiotics such that all or most 

subjects receive an antibiotic that will have no beneficial effect on the outcome of their 

infection. Examples include the recommendation to use a 4-drug therapy such as 

concomitant therapy which consists of a PPI, amoxicillin, metronidazole, and 

clarithromycin.68,71 The rationale is that while clarithromycin and metronidazole resistance 

may have individually undermined clarithromycin or metronidazole triple therapies, as long 

as the prevalence of combined metronidazole-clarithromycin resistance is low the therapy 

will likely be successful. However, all patients will receive at least 1 antibiotic that is not 

needed (eg, metronidazole for those with clarithromycin susceptible infections) and 

contribute to worldwide resistance. In Japan, about 1 million patients each year receive 

vonoprazan-clarithromycin triple therapy.72 Approximately 80% of patients would be cured 

by the vonoprazan-amoxicillin components and receive clarithromycin unnecessarily.71 As 

clarithromycin resistance has increased to approximately 50% in Japan the cure rates overall 

have now fallen to below 90% on average.

There are a number of H pylori treatment regimens that reliably cure at least 95% of 

infections in adherent patients with susceptible organisms.10 The goal should be to reliably 
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identify which regimen is best for an individual patient. All statements below relate to that 

objective, requiring that the clinician have the data needed to choose a patient-specific 

regimen. In the United States, H pylori resistance patterns are not generally known and there 

has been only 1 relevant study published in the last decade from a single center.73 From that 

one publication, it appears that resistance to clarithromycin, metronidazole, and 

fluoroquinolones has increased to the point that they should not be used as empiric triple 

therapies.73 Resistance to amoxicillin, tetracycline, and rifabutin remain rare.

Testing methods and confirmation of eradication approved by both the panel and the external 

groups

• Statement 20: We recommend the use of tests for active H pylori infection (ie, 

UBT, HpSAg testing) for the initial diagnosis (100% agree/strongly agree, Grade 

1A).

• Statement 21: We recommend that, if endoscopy is being performed, biopsies (2 

each) from the antrum and corpus (± the incisura) should be obtained (100% 

agree/strongly agree, Grade 1A).

• Statement 22: We recommend that serology not be utilized for detection of active 

H pylori infection (100% agree/strongly agree, Grade 1A).

• Statement 23: We recommend that bismuth and antibiotics be stopped at least 4 

weeks before H pylori testing with tests for active infection (ie, UBT, and 

HpSAg testing and histology; 100% agree/strongly agree, Grade 1C).

• Statement 24: We recommend that PPIs should be discontinued at least 4 weeks 

before UBT and HpSAg testing (100% agree/strongly agree, Grade 1B).

• Statement 25: H2 blockers and antacids may be utilized without affecting the 

accuracy of UBT and HpSAg testing (100% agree/strongly agree, Grade 1A).

• Statement 26: When PPIs are not discontinued before testing, we recommend 

that a positive test for active infection still be considered a positive result. 

However, when PPIs are not discontinued before testing and there is a negative 

test result, we recommend repeat testing for diagnosis after an appropriate 

interval due to the possibility of a false-negative test (100% agree/strongly agree, 

Grade 1C).

• Statement 27: We recommend that all patients receiving treatment for H pylori 
receive posttreatment confirmation of eradication. We recommend that only tests 

that evaluate for active infection, such as UBT, HpSAg test, or histology (if 

endoscopy is required for other reasons), are utilized for this purpose (100% 

agree/strongly agree, Grade 1A).

• Statement 28: Once appropriate testing has confirmed eradication, we 

recommend against further H pylori testing, (100% agree/strongly agree, Grade 

1C).

Testing methods and confirmation of eradication
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We recommend post-treatment confirmation of eradication in part because failure to 

eradicate leaves the patient at risk for clinical outcomes associated with the infection, and 

also because current therapies fail in at least 20% of cases. For most patients, noninvasive 

testing is preferred. The UBT relies on the fact that H pylori contain the non-human enzyme 

urease which will hydrolyze ingested urea into ammonia and carbon dioxide. The simplest 

tests measure the appearance of labeled carbon dioxide in the breath after oral administration 

of 13C- or 14C-labeled urea. The most widely used UBT administers both 13C-urea and 

citric acid, which serves to acidify the stomach and enhance urease activity. Citric acid 

results in a higher positive signal by inhibiting urease activity caused by the presence of 

other urease-containing organisms in the stomach. HpSAg testing is based on the presence 

of H pylori antigens in stool. A number of HpSAg tests have been developed with those 

using monoclonal antibodies are most reliable. Whichever test is chosen it is important to 

use a well-validated test and to be aware of the factors that predispose to false positive and 

false negative results.

The most common factor causing false negative tests is a low density of H pylori in the 

stomach translating into low urease activity and a low antigen load in the stool.74 The most 

common cause of a low antigen load is the use of antimicrobials including bismuth or PPIs. 

This will also affect the diagnostic accuracy of all invasive tests (histology, culture, and rapid 

urease) as well as some noninvasive tests (UBT and HpSAg), but not serology testing.74 

After antimicrobial therapy, bismuth, or PPI use, any residual H pylori will repopulate the 

stomach. Generally, the longer one waits after completing therapy, the more accurate the 

result. Clinical trials have shown that 4 weeks post-therapy or PPI use provides the most 

accurate ability to separate infected from uninfected subjects.75 H2 receptor antagonists do 

not inhibit H pylori so if an antisecretory drug is needed they can be substituted for a PPI. 

H2 receptor antagonists may reduce urease activity, so they should not be administered the 

same day as the UBT, which ideally would also contain citric acid. Serology-based tests are 

not recommended for diagnosis of an active H pylori infection because the antibodies may 

remain positive for decades after H pylori eradication.76

H pylori can be visualized by histology and cultured from gastric biopsies, mucus, and even 

fluid. The density of H pylori may vary, and it is, therefore, important to obtain both antral 

and corpus biopsies when using histology to detect H pylori.77–79 The presence of gastric 

mucosal inflammation, particularly polymorphonuclear leukocytes (eg, chronic active 

gastritis) is highly suggestive of H pylori infection, and should prompt a more detailed 

examination. If the patient was recently taking antimicrobials or PPIs, the bacterial load may 

be low, and there may be an overgrowth of other bacteria that may confuse some 

pathologists. However, chronic active gastritis will not be present in these cases. When in 

doubt, immunohistochemistry is the preferred method of confirming the presence of H 
pylori in biopsy material.80

With any test, interpretation depends on the sensitivity and specificity as well as pretest 

probability. A discussion of the importance of pretest probability is presented in the 

supplemental material.
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General Statements

• Statement 29: The absence of gastric atrophy, intestinal metaplasia or dysplasia 

at the time of initial biopsy does not preclude development of subsequent serious 

pathology (eg, ulcer, malignancy) if H pylori infection persists (100% agree/

strongly agree, Grade 1A).

Although the natural history of H pylori gastritis is for progressive gastric mucosal damage, 

the outcome of an individual infection is unpredictable.78,79 Once atrophic gastritis is 

present the risk of gastric cancer is elevated, and while H pylori eradication may stop the 

progress of gastritis and thus reduce or limit the risk, the current thought is that the clock 

cannot be reset completely. Infected individuals are at risk of transmitting the infection, 

developing a peptic ulcer with or without complications, and developing gastric cancer. The 

lack of a history of symptoms suggestive of extensive damage provides no predictive value 

of future complications. This provides further support for Statement 1. “We recommend that 

all patients with active H pylori infection be treated.”

Concluding Statements

The guidelines developed by this consensus group focused on identifying the target 

populations for diagnosis and therapy with the aim of providing practical advice for US 

practitioners. Both the Expert Consensus Panel and the validation panel agreed on the 

majority of statements. The lack of widespread availability of susceptibility testing was seen 

as a major barrier to effective and reliable therapy. These guidelines provide a basis for 

guidelines to be adopted by US health care systems.

Potential Issues With Serology and the Problem of False Positive Tests

With any test, interpretation depends on the sensitivity and specificity as well as pretest 

probability. For example, when used in screening in asymptomatic individuals, or in low H 
pylori prevalence areas, many positive tests will be false positive results. Consider a 

population of 1000 asymptomatic US individuals in which the prevalence of H pylori is 

15%. Available tests vary in sensitivity and specificity ranging from a high of approximately 

95% for the urea breath test or a second-generation monoclonal-based stool antigen 

immunoassay to a low of 70% or less for some in-house serologic tests. Supplementary 

Table 3 shows the results of testing depending on the sensitivity and specificity of the 

available tests. The table shows the positive and negative likelihood ratios, the number of 

positive and negative test results, and the proportion that are true positive and true negative. 

Even with the most sensitive and specific tests (eg, 95%) only 77% of positive tests are 

correct and this proportion rapidly falls as the specificity and sensitivity decrease. For 

example, a serologic test that is 75% sensitive and specific would produce 324 positive 

results, of which only 150 were true positives (http://araw.mede.uic.edu/cgi-bin/testcalc.pl). 

Supplementary Figure 7 shows the marked effect of disease prevalence on the positive and 

negative predictive values, which is reflected in most negative tests being correct in low 

disease prevalence situations. If the true prevalence rate were only 4%, only 20% of 

positives would be true positives. In populations with a high pretest probability such as a 

population of duodenal ulcer patients, the results would be reversed and we would need to 
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question whether negative tests were correct. For example, in 1000 patients with a pretest 

probability of H pylori duodenal ulcer of 85%, we would have 744 positive tests, of which 

97% would be true positives, and 256 negative tests, of which 50% would be false negatives 

(95% confidence interval, 46%–54%). The marked effect of disease prevalence on positive 

and negative predictive values results in the recommendation to confirm all positive tests in 

conditions of low pretest probability and all negative tests when the pretest probability is 

high. In the study mentioned above only 4.2% of the serologic tests were positive.7 

Confirmation requires that the second test differ in mechanism from the original one,8 such 

that serology would be confirmed with a urea breath test, stool antigen immunoassay, or 

histology. This problem is not restricted to serology and extends to all diagnostic testing.

To continue with the example above where the disease prevalence is 15%, treating all the 

positives would result in treatment of an additional group of false positive cases which 

would increase the number treated by 33% with the 95% specific or sensitive test, 50% with 

the 85% specific or sensitive test and 65% specific or sensitive with the 75% test. In theory, 

to prevent this antibiotic misuse, all positive tests should be confirmed before treatment 

except in populations with a high pretest probability. Retesting of any positive result has 

been suggested.8 However, this provides a poor solution. For example, with a 75% sensitive 

or specific test and 15% H pylori prevalence among 1000 patients would yield 334 positive 

tests and only 150 H pylori–infected (Supplementary Table 1). The positive tests would 

include only 112 of the 150 with H pylori infections, as 38 (25%) would have been scored as 

false negative and never retested. Although confirmation retesting the group with positive 

tests (pretest probability 34%) with a 95% sensitive or specific test would identify the 

majority of the 112 with H pylori infection, the overall treatment rate for the 150 infected 

would be <75%. Overall, even tests with high sensitivity and specificity perform relatively 

poorly in low pretest probability conditions, while tests with a sensitivity and specificity 

below 90% should be avoided.

In the United States, large commercial testing laboratories may utilize “in-house” developed 

tests that are not Food and Drug Administration (FDA) approved.7 Therefore, in the United 

States one should always demand that diagnostic laboratories use only FDA-approved tests. 

One clue to identifying unapproved tests is a report showing results for H pylori IgG, IgA, 

and IgM. IgA and IgM H pylori diagnostic tests are rarely FDA approved; generally only 

IgG tests provide reliable results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors acknowledge the excellent logistical and other support from Hospicom (Cold Spring, NY) and SERMO 
(New York, NY) who contacted those individuals who made up the external validation panel, and from Tao Wang, 
PhD, Director of Medical Affairs, Otsuka Pharmaceutical Development and Commercialization, Inc, for his interest 
and support.

Funding

The study was funded by an unrestricted grant from Otsuka America Pharmaceutical, Inc.

El-Serag et al. Page 14

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 December 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Dr Crowe noted being an author of several topics for UpToDate. Dr. Graham is a consultant for RedHill Biopharma 
regarding novel Helicobacter pylori therapies and has received research support for culture of H pylori and is the PI 
of an international study of the use of antimycobacterial therapy for Crohn’s disease. He is also a consultant for 
BioGaia in relation to probiotic therapy for H pylori infection and for Takeda in relation to H pylori therapies.

References

1. Malfertheiner P, Megraud F, O’Morain CA, et al. Management of Helicobacter pylori infection-the 
Maastricht V/Florence Consensus Report. Gut 2017;66:6–30. [PubMed: 27707777] 

2. Chey WD, Leontiadis GI, Howden CW, et al. ACG Clinical Guideline: treatment of Helicobacter 
pylori infection. Am J Gastroenterol 2017;112:212–239. [PubMed: 28071659] 

3. Fallone CA, Chiba N, van Zanten SV, et al. The Toronto consensus for the treatment of Helicobacter 
pylori Infection in Adults. Gastroenterology 2016;151:51–69. [PubMed: 27102658] 

4. Sugano K, Tack J, Kuipers EJ, et al. Kyoto global consensus report on Helicobacter pylori gastritis. 
Gut 2015; 64:1353–1367. [PubMed: 26187502] 

5. Chey WD, Wong BC. American College of Gastroenterology guideline on the management of 
Helicobacter pylori infection. Am J Gastroenterol 2007;102:1808–1825. [PubMed: 17608775] 

6. Howden CW, Blume SW, de Lissovoy G. Practice patterns for managing Helicobacter pylori 
infection and upper gastrointestinal symptoms. Am J Manag Care 2007;13:37–44. [PubMed: 
17227202] 

7. Theel ES, Johnson RD, Plumhoff E, et al. Use of the Optum Labs Data Warehouse to assess test 
ordering patterns for diagnosis of Helicobacter pylori infection in the United States. J Clin 
Microbiol 2015;53:1358–1360. [PubMed: 25609721] 

8. Vecchio TJ. Predictive value of a single diagnostic test in un-selected populations. N Engl J Med 
1966;274:1171–1173. [PubMed: 5934954] 

9. Murakami TT, Scranton RA, Brown HE, et al. Management of Helicobacter pylori in the United 
States: Results from a national survey of gastroenterology physicians. Prev Med 2017; 100:216–
222. [PubMed: 28457713] 

10. Shiotani A, Lu H, Dore MP, Graham DY. Treating Helicobacter pylori effectively while 
minimizing misuse of antibiotics. Cleve Clin J Med 2017;84:310–318. [PubMed: 28388387] 

11. Graham DY, Lee YC, Wu MS. Rational Helicobacter pylori therapy: Evidence-based medicine 
rather than medicine-based evidence. Clin Gastroenterol Hepatol 2014;12:177–186. [PubMed: 
23751282] 

12. Graham DY, Fischbach LA. Empiric therapies for Helicobacter pylori infections. CMAJ 
2011;183:E506–E508. [PubMed: 21343269] 

13. Rimbara E, Fischbach LA, Graham DY. Optimal therapy for Helicobacter pylori infections. Nat 
Rev Gastroenterol Hepatol 2011;8:79–88. [PubMed: 21293508] 

14. Malfertheiner P, Megraud F, O’Morain CA, et al. Management of Helicobacter pylori infection–the 
Maastricht IV/ Florence Consensus Report. Gut 2012;61:646–664. [PubMed: 22491499] 

15. The Rand/UCLA appropriateness method user’s manual. Santa Monica, CA: RAND Corporation, 
2001.

16. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of 
evidence and strength of recommendations. BMJ 2008;336:924–926. [PubMed: 18436948] 

17. Guyatt GH, Oxman AD, Kunz R, et al. Going from evidence to recommendations. BMJ 
2008;336:1049–1051. [PubMed: 18467413] 

18. Andrews J, Guyatt G, Oxman AD, et al. GRADE guidelines: 14. Going from evidence to 
recommendations: the significance and presentation of recommendations. J Clin Epidemiol 2013; 
66:719–725. [PubMed: 23312392] 

19. Graham DY. Can therapy ever be denied for Helicobacter pylori infection? Gastroenterology 
1997;113:S113–S117. [PubMed: 9394771] 

20. Axon A, Forman D. Helicobacter gastroduodenitis: a serious infectious disease. BMJ 
1997;314:1430–1431. [PubMed: 9167554] 

El-Serag et al. Page 15

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 December 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



21. Reddy KM, Chang JI, Shi JM, et al. Risk of gastric cancer among patients with intestinal 
metaplasia of the stomach in a US integrated health care system. Clin Gastroenterol Hepatol 2016; 
14:1420–1425. [PubMed: 27317852] 

22. Rugge M, Genta RM, Di Mario MF, et al. Gastric cancer as preventable disease. Clin Gastroenterol 
Hepatol 2017; 15:1833–1843. [PubMed: 28532700] 

23. Grad YH, Lipsitch M, Aiello AE. Secular trends in Helicobacter pylori seroprevalence in adults in 
the United States: evidence for sustained race/ethnic disparities. Am J Epidemiol 2012; 175:54–59. 
[PubMed: 22085628] 

24. Dong E, Duan L, Wu BU. Racial and ethnic minorities at increased risk for gastric cancer in a 
regional US population study. Clin Gastroenterol Hepatol 2017;15:511–517. [PubMed: 27939654] 

25. Graham DY. Helicobacter pylori update: Gastric cancer, reliable therapy, and possible benefits. 
Gastroenterology 2015; 148:719–731. [PubMed: 25655557] 

26. Ford AC, Delaney BC, Forman D, et al. Eradication therapy in Helicobacter pylori positive peptic 
ulcer disease: systematic review and economic analysis. Am J Gastroenterol 2004; 99:1833–1855. 
[PubMed: 15330927] 

27. Moayyedi PM, Lacy BE, Andrews CN, et al. ACG and CAG Clinical Guideline: management of 
dyspepsia. Am J Gastroenterol 2017;112:988–1013. [PubMed: 28631728] 

28. Vakil NB, Howden CW, Moayyedi P, et al. White Paper AGA: functional dyspepsia. Clin 
Gastroenterol Hepatol 2017; 15:1191–1194. [PubMed: 28529164] 

29. Lee YC, Chiang TH, Liou JM, et al. Mass Eradication of Helicobacter pylori to prevent gastric 
cancer: Theoretical and practical considerations. Gut Liver 2016;10:12–26. [PubMed: 26696028] 

30. Raghunath A, Hungin AP, Wooff D, et al. Prevalence of Helicobacter pylori in patients with gastro-
oesophageal reflux disease: systematic review. BMJ 2003;326:737. [PubMed: 12676842] 

31. Moayyedi P, Bardhan C, Young L, et al. Helicobacter pylori eradication does not exacerbate reflux 
symptoms in gastroesophageal reflux disease. Gastroenterology 2001; 121:1120–1126. [PubMed: 
11677204] 

32. Wotherspoon AC. Gastric lymphoma of mucosa-associated lymphoid tissue and Helicobacter 
pylori. Annu Rev Med 1998; 49:289–299. [PubMed: 9509264] 

33. Nakamura S, Matsumoto T. Treatment strategy for gastric mucosa-associated lymphoid tissue 
lymphoma. Gastroenterol Clin North Am 2015;44:649–660. [PubMed: 26314674] 

34. El-Omar EM, Oien K, Murray LS, et al. Increased prevalence of precancerous changes in relatives 
of gastric cancer patients: critical role of H pylori. Gastroenterology 2000;118:22–30. [PubMed: 
10611150] 

35. Ford AC, Qume M, Moayyedi P, et al. Helicobacter pylori “test and treat” or endoscopy for 
managing dyspepsia: an individual patient data meta-analysis. Gastroenterology 2005; 128:1838–
1844. [PubMed: 15940619] 

36. Rugge M Gastric Cancer Risk in Patients with Helicobacter pylori Infection and Following Its 
Eradication. Gastroenterol Clin North Am 2015;44:609–624. [PubMed: 26314671] 

37. Asaka M, Mabe K, Matsushima R, et al. Helicobacter pylori eradication to eliminate gastric 
cancer: The Japanese strategy. Gastroenterol Clin North Am 2015;44:639–648. [PubMed: 
26314673] 

38. McCracken M, Olsen M, Chen MS Jr, et al. Cancer incidence, mortality, and associated risk factors 
among Asian Americans of Chinese, Filipino, Vietnamese, Korean, and Japanese ethnicities. CA 
Cancer J Clin 2007;57:190–205. [PubMed: 17626117] 

39. Franchini M, Veneri D, Lippi G. Thrombocytopenia and infections. Expert Review of Hematology 
2017;10:99–106. [PubMed: 27936979] 

40. Ando K, Shimamoto T, Tauchi T, et al. Can eradication therapy for Helicobacter pylori really 
improve the thrombocytopenia in idiopathic thrombocytopenic purpura? Our experience and a 
literature review. Int J Hematol 2003;77:239–244. [PubMed: 12731666] 

41. Franchini M, Veneri D. Helicobacter pylori-associated immune thrombocytopenia. Platelets 
2006;17:71–77. [PubMed: 16421007] 

42. Takahashi T, Yujiri T, Tanizawa Y. Helicobacter pylori and chronic ITP: the discrepancy in the 
clinical responses to eradication therapy might be due to differences in the bacterial strains. Blood 
2004;104:594. [PubMed: 15231581] 

El-Serag et al. Page 16

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 December 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



43. Neunert C, Lim W, Crowther M, et al. The American Society of Hematology 2011 evidence-based 
practice guideline for immune thrombocytopenia. Blood 2011;117:4190–4207. [PubMed: 
21325604] 

44. Graham DY, Genta RM. Long-term proton pump inhibitor use and gastrointestinal cancer. Curr 
Gastroenterol Rep 2008; 10:543–547. [PubMed: 19006608] 

45. Kuipers EJ, Lundell L, Klinkenberg-Knol EC, et al. Atrophic gastritis and Helicobacter pylori 
infection in patients with reflux esophagitis treated with omeprazole or fundoplication. N Engl J 
Med 1996;334:1018–1022. [PubMed: 8598839] 

46. Kuipers EJ, Uyterlinde AM, Pena AS, et al. Long-term sequelae of Helicobacter pylori gastritis. 
Lancet 1995;345:1525–1528. [PubMed: 7791437] 

47. Kuipers EJ. Review article: Relationship between Helicobacter pylori, atrophic gastritis and gastric 
cancer. Aliment Pharmacol Ther 1998;12(Suppl 1):25–36. [PubMed: 9701002] 

48. Kuipers EJ, Klinkenberg-Knol EC, Vandenbroucke-Grauls CM, et al. Role of Helicobacter pylori 
in the pathogenesis of atrophic gastritis. Scand J Gastroenterol Suppl 1997;223:28–34. [PubMed: 
9200303] 

49. Lundell L, Havu N, Miettinen P, et al. Changes of gastric mucosal architecture during long-term 
omeprazole therapy: results of a randomized clinical trial. Aliment Pharmacol Ther 2006; 23:639–
647. [PubMed: 16480403] 

50. Larkin CJ, Watson RGP, Sloan JM, et al. Distribution of atrophy in Helicobacter pylori-infected 
subjects taking proton pump inhibitors. Scand J Gastroenterol 2000;35:578–582. [PubMed: 
10912656] 

51. Eissele R, Brunner G, Simon B, et al. Gastric mucosa during treatment with lansoprazole: 
Helicobacter pylori is a risk factor for argyrophil cell hyperplasia. Gastroenterology 1997; 
112:707–717. [PubMed: 9041231] 

52. Schenk BE, Kuipers EJ, Nelis GF, et al. Effect of Helicobacter pylori eradication on chronic 
gastritis during omeprazole therapy. Gut 2000;46:615–621. [PubMed: 10764703] 

53. Graham DY, Opekun AR, Yamaoka Y, et al. Early events in proton pump inhibitor-associated 
exacerbation of corpus gastritis. Aliment Pharmacol Ther 2003;17:193–200. [PubMed: 12534403] 

54. Malaty HM, El Kasabany A, Graham DY, et al. Age at acquisition of Helicobacter pylori infection: 
a follow-up study from infancy to adulthood. Lancet 2002;359:931–935. [PubMed: 11918912] 

55. Malaty HM, Nyren O. Epidemiology of Helicobacter pylori infection. Helicobacter 2003;8(Suppl 
1):8–12. [PubMed: 14617212] 

56. Yokota S, Konno M, Fujiwara S, et al. Intrafamilial, preferentially mother-to-child and 
intraspousal, Helicobacter pylori infection in Japan determined by mutilocus sequence typing and 
random amplified polymorphic DNA fingerprinting. Helicobacter 2015; 20:334–342. [PubMed: 
25664889] 

57. Mentis A, Lehours P, Megraud F. Epidemiology and diagnosis of Helicobacter pylori infection. 
Helicobacter 2015;20(Suppl 1):1–7.

58. Brenner H, Rothenbacher D, Bode G, et al. The individual and joint contributions of Helicobacter 
pylori infection and family history to the risk for peptic ulcer disease. J Infect Dis 1998; 
177:1124–1127. [PubMed: 9534998] 

59. Kurata JH, Haile BM. Epidemiology of peptic ulcer disease. Clin Gastroenterol 1984;13:289–307. 
[PubMed: 6378441] 

60. Kekki M, Ihamaki T, Sipponen P, et al. Heterogeneity in susceptibility to chronic gastritis in 
relatives of gastric cancer patients with different histology of carcinoma. Scand J Gastroenterol 
1975;10:737–745. [PubMed: 1188307] 

61. Valle J, Pikkarainen P, Vuoristo M, et al. Helicobacter pylori and duodenal ulcer. A study of 
duodenal ulcer patients and their first-degree relatives. Scand J Gastroenterol Suppl 1991; 186:45–
51. [PubMed: 1759128] 

62. Vergara M, Catalan M, Gisbert JP, et al. Meta-analysis: role of Helicobacter pylori eradication in 
the prevention of peptic ulcer in NSAID users. Aliment Pharmacol Ther 2005; 21:1411–1418. 
[PubMed: 15948807] 

El-Serag et al. Page 17

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 December 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



63. Chan FK, Ching JY, Suen BY, et al. Effects of Helicobacter pylori infection on long-term risk of 
peptic ulcer bleeding in low-dose aspirin users. Gastroenterology 2013;144:528–535. [PubMed: 
23333655] 

64. Fiorini G, Bland JM, Hughes E, et al. A systematic review on drugs absorption modifications after 
eradication in Helicobacter pylori positive patients undergoing replacement therapy. J 
Gastrointestin Liver Dis 2015;24:95–100, 1. [PubMed: 25822439] 

65. Lahner E, Virili C, Santaguida MG, et al. Helicobacter pylori infection and drugs malabsorption. 
World J Gastroenterol 2014; 20:10331–10337.

66. Lahner E, Annibale B, Delle FG. Systematic review: Helicobacter pylori infection and impaired 
drug absorption. Aliment Pharmacol Ther 2009;29:379–386. [PubMed: 19053985] 

67. Leekha S, Terrell CL, Edson RS. General principles of antimicrobial therapy. Mayo Clin Proc 
2011;86:156–167. [PubMed: 21282489] 

68. Dang BN, Graham DY. Helicobacter pylori infection and antibiotic resistance: a WHO high 
priority? Nat Rev Gastroenterol Hepatol 2017;7:383–384.

69. Graham DY, Dore MP. Helicobacter pylori therapy: a paradigm shift. Expert Rev Anti Infect Ther 
2016;14:577–585. [PubMed: 27077447] 

70. Megraud F, Benejat L, Ontsira Ngoyi EN, et al. Molecular approaches to identify Helicobacter 
pylori antimicrobial resistance. Gastroenterol Clin North Am 2015;44:577–596. [PubMed: 
26314669] 

71. Graham DY. Illusions regarding Helicobacter pylori clinical trials and treatment guidelines. Gut 
2017;66:2043–2046. [PubMed: 28935677] 

72. Tsuda M, Asaka M, Kato M, et al. Effect on Helicobacter pylori eradication therapy against gastric 
cancer in Japan. Helicobacter 2017;22:e12415.

73. Shiota S, Reddy R, Alsarraj A, et al. Antibiotic resistance of Helicobacter pylori among male 
United States veterans. Clin Gastroenterol Hepatol 2015;13:1616–1624. [PubMed: 25681693] 

74. Attumi TA, Graham DY. Follow-up testing after treatment of Helicobacter pylori infections: 
Cautions, caveats, and recommendations. Clin Gastroenterol Hepatol 2011;9:373–375. [PubMed: 
21195791] 

75. Attumi TA, Graham DY. High-dose extended-release lansoprazole (dexlansoprazole) and 
amoxicillin dual therapy for Helicobacter pylori infections. Helicobacter 2014;19:319–322. 
[PubMed: 24698653] 

76. Malfertheiner P, Megraud F, O’Morain C, et al. Current concepts in the management of 
Helicobacter pylori infection: the Maastricht III Consensus Report. Gut 2007;56:772–781. 
[PubMed: 17170018] 

77. Dixon MF, Genta RM, Yardley JH, et al. Classification and grading of gastritis. The updated 
Sydney System. International workshop on the histopathology of gastritis, Houston 1994. Am J 
Surg Pathol 1996;20:1161–1181. [PubMed: 8827022] 

78. Lash RH, Genta RM. Routine anti-Helicobacter immunohistochemical staining is significantly 
superior to reflex staining protocols for the detection of Helicobacter in gastric biopsy specimens. 
Helicobacter 2016;21:581–585. [PubMed: 27172813] 

79. Rugge M, Meggio A, Pennelli G, et al. Gastritis staging in clinical practice: the OLGA staging 
system. Gut 2007;56:631–636. [PubMed: 17142647] 

80. Rugge M, Kim JG, Mahachai V, et al. OLGA gastritis staging in young adults and country-specific 
gastric cancer risk. Int J Surg Pathol 2008;16:150–154. [PubMed: 18417671] 

El-Serag et al. Page 18

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 December 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

El-Serag et al. Page 19

Ta
b

le
 1

.

G
R

A
D

E
: Q

ua
lit

y 
of

 E
vi

de
nc

e 
an

d 
St

re
ng

th
 o

f 
R

ec
om

m
en

da
tio

ns

Q
ua

lit
y 

of
 e

vi
de

nc
e

A
. H

ig
h 

qu
al

ity
Fu

rt
he

r 
re

se
ar

ch
 is

 v
er

y 
un

lik
el

y 
to

 c
ha

ng
e 

ou
r 

co
nf

id
en

ce
 in

 th
e 

es
tim

at
e 

of
 e

ff
ec

t

B
. M

od
er

at
e 

qu
al

ity
Fu

rt
he

r 
re

se
ar

ch
 is

 v
er

y 
un

lik
el

y 
to

 h
av

e 
an

 im
po

rt
an

t i
m

pa
ct

 o
n 

ou
r 

co
nf

id
en

ce
 in

 th
e 

es
tim

at
e 

of
 e

ff
ec

t a
nd

 m
ay

 c
ha

ng
e 

th
e 

es
tim

at
e

C
. L

ow
 q

ua
lit

y
Fu

rt
he

r 
re

se
ar

ch
 is

 v
er

y 
lik

el
y 

to
 h

av
e 

an
 im

po
rt

an
t i

m
pa

ct
 o

n 
ou

r 
co

nf
id

en
ce

 in
 th

e 
es

tim
at

e 
of

 e
ff

ec
t a

nd
 is

 li
ke

ly
 to

 c
ha

ng
e 

th
e 

es
tim

at
e

D
. V

er
y 

lo
w

 q
ua

lit
y

A
ny

 e
st

im
at

e 
of

 e
ff

ec
t i

s 
ve

ry
 u

nc
er

ta
in

St
re

ng
th

 o
f 

re
co

m
m

en
da

ti
on

1.
 S

tr
on

g 
R

ec
om

m
en

da
tio

n:
St

ro
ng

 r
ec

om
m

en
da

tio
n 

fo
r 

us
in

g 
an

 in
te

rv
en

tio
n/

st
ro

ng
 r

ec
om

m
en

da
tio

n 
ag

ai
ns

t u
si

ng
 a

n 
in

te
rv

en
tio

n

2.
 W

ea
k 

re
co

m
m

en
da

tio
n

W
ea

k 
re

co
m

m
en

da
tio

n 
fo

r 
us

in
g 

an
 in

te
rv

en
tio

n/
w

ea
k 

re
co

m
m

en
da

tio
n 

ag
ai

ns
t u

si
ng

 a
n 

in
te

rv
en

tio
n

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 December 16.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

El-Serag et al. Page 20

Table 2.

General Principles of Antimicrobial Therapy

• Obtaining an accurate diagnosis

• Understanding the difference between empiric and definitive therapy

• Understanding drug characteristics that are peculiar to antimicrobial agents (eg, pharmacodynamics and efficacy at the site of infection)

• Accounting for host characteristics that influence antimicrobial activity

• Recognizing the adverse effects of antimicrobial agents on the host

• Knowing when to consult specialists for guidance

NOTE. Adapted from Leekha et al.67
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