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A 32-year-old woman who emigrated from Eastern Europe is evaluated for persistent 
epigastric pain and bloating. Previous assessments showed a normal complete blood 
count and comprehensive metabolic panel and a negative result on serologic testing 
for celiac disease. Serum testing for Helicobacter pylori IgG was positive. She was 
treated with 20 mg of omeprazole, 1 g of amoxicillin, and 500 mg of clarithromycin, 
each taken twice daily for 10 days, but her symptoms persisted. How would you fur-
ther evaluate and treat this patient?

The Clinic a l Problem

Helicobacter pylori infection is a common, usually lifelong, in-
fection that is found worldwide.1 Studies suggest that infection rates vary 
according to geographic region, but the number of infected people has 

persisted or even increased over the past three decades because of population 
growth and because of reinfection and recrudescence due to unsuccessful eradica-
tion.2 A less advantaged socioeconomic status is a risk factor for H. pylori infection2 
because it is associated with more crowded living conditions that favor intrafamil-
ial transmission.3 Iatrogenic infection by means of endoscopes also occurs.4

Although the majority of infected persons remain asymptomatic, infection has 
been directly linked to several conditions — in particular, peptic ulcer disease and 
nonulcer dyspepsia. Evidence (reviewed below) has shown that treatment to eradi-
cate H. pylori can reduce the risks of both conditions,5-7 although the data are less 
consistent regarding nonulcer dyspepsia.

Gastric cancer has also been closely associated with the presence of H. pylori. 
In a study conducted in Japan, gastric cancer developed (over a mean follow-up of 
7.8 years) in 2.9% of patients with peptic ulcer, dyspepsia, or gastric hyperplasia 
who had H. pylori infection, whereas no cases were detected in uninfected patients 
with these conditions.8 On the basis of compelling evidence, the World Health 
Organization (WHO) has classified H. pylori as a group 1 carcinogen leading to 
gastric adenocarcinoma.9,10 In addition to Japan, areas with an increased incidence 
of gastric carcinoma attributable to this infection include the Middle East, South-
east Asia, the Mediterranean, Eastern Europe, Central America, and South America. 
Immigrants who grew up in regions of the world with a high incidence of H. pylori 
infection (e.g., Eastern Europe and East Asia) and who now reside in the United 
States or Western Europe are also at increased risk for gastric cancer. Another 
neoplastic disease that is caused by chronic H. pylori infection is gastric mucosa–
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associated lymphoid tissue lymphoma (MALToma) 
— a condition that is much less common than 
peptic ulcer disease or gastric adenocarcinoma.11

Conditions outside the gastrointestinal tract 
have also been associated with H. pylori infec-
tion. An observed association with coronary ar-
tery disease probably reflects shared risk factors, 
such as poverty and suboptimal nutrition. Unex-
plained iron-deficiency anemia12 and immune 
thrombocytopenia13 have been associated with 
H. pylori infection; although the pathogenesis is 
not well understood, reports of successful treat-
ment of H. pylori infection leading to an increased 
hemoglobin level or higher platelet count sug-
gest causal relationships (see below).

S tr ategies a nd E v idence

Screening and Diagnosis

Indications for screening for H. pylori (and for 
treatment if screening is positive) are reviewed 
in Table 1.14-16 Direct (invasive) histologic testing 
of gastric mucosal biopsy samples is used for the 
diagnosis of H. pylori infection in patients with 
indications for endoscopy, such as epigastric 
pain, weight loss, iron-deficiency anemia, and 
dyspepsia with alarm symptoms (e.g., weight 
loss, severe abdominal pain, dysphagia, vomit-
ing, gastrointestinal bleeding, and others), or in 
patients 60 years of age or older.14 If a person is 
from a region with a greater incidence of infec-
tion and gastric cancer, this testing should be 
done at a younger age as guided by local recom-
mendations (e.g., <35 years of age in China).18 

Direct testing is also recommended in patients 
with long-term use of aspirin or nonsteroidal 
antiinflammatory drugs (NSAIDs) for whom 
endoscopy is indicated; this ensures that the 
management of NSAID-induced peptic ulcer dis-
ease is not complicated by the infection.

Histologic detection of H. pylori in gastric tis-
sues has a sensitivity and specificity that can 
exceed 95%; however, proper sampling and inter-
pretation are required. Endoscopy is also used to 
determine eradication of infection but is usually 
repeated only in the context of persistent ulcers, 
to confirm healing of a gastric ulcer, or after the 
removal of early gastric cancer or MALToma.

Noninvasive testing is recommended in pa-
tients for whom endoscopy is not indicated but 
who have conditions associated with the infec-
tion (e.g., history of peptic ulcer disease, unex-
plained iron-deficiency anemia, or immune throm-
bocytopenia) or who are considered to be at 
increased risk for infection or complications of 
infection (e.g., patients with long-term use of 
NSAIDs or aspirin) (Table 1).19,20 In the United 
States, prevalence varies regionally and accord-
ing to ethnic group or socioeconomic status.16

Noninvasive tests for active infection include 
the stool antigen test and urea breath test. Stool 
antigen testing, which involves a mixture of 
monoclonal antibodies against H. pylori, is used 
for initial diagnosis and for confirming eradica-
tion of the infection21; the sensitivity and speci-
ficity of stool antigen tests typically exceed 
92%.22,23 Urea breath tests involve the ingestion of 
either 14C-labeled or 13C-labeled urea; if H. pylori 

Key Clinical Points

Helicobacter pylori Infection

• Testing for H. pylori is recommended in patients with peptic ulcer disease, gastric cancer, or gastric 
mucosa–associated lymphoid tissue lymphoma (MALToma). Other recommended indications for 
testing include dyspepsia, prolonged use of nonsteroidal antiinflammatory drugs or aspirin, unexplained 
iron-deficiency anemia, and immune thrombocytopenia.

• Testing for H. pylori can be performed directly on biopsy specimens obtained during endoscopy or 
performed by means of the stool antigen test or urea breath test. Proton-pump inhibitors (PPIs) 
interfere with the detection of bacteria and must be discontinued before any testing is performed.

• Several regimens are considered to be acceptable for initial treatment. The presence of an allergy to 
penicillin, previous exposure to macrolides, and high levels of macrolide resistance where the patient 
lives or has lived (if information is known) are relevant in choosing a regimen.

• After treatment, it is essential to document clearance of the infection, typically by means of a stool 
antigen test or urea breath test performed 1 month after the completion of antibiotic therapy (again, 
while the patient is not taking a PPI).

• Should retreatment be indicated, a different regimen that avoids repetitive use of the same antibiotic 
agents is recommended.
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is present, bacterial urease releases the label, 
which is measured and compared with a base-
line value. This test has a sensitivity and speci-
ficity typically exceeding 95%.23 In addition, the 
14C-labeled substrate involves an unstable iso-
tope that undergoes radioactive decay, but such 
isotopes are used diagnostically for several con-
ditions and carry no restrictions for use in adults 
other than pregnancy.24 The 2017 guidelines of the 
American College of Gastroenterology (ACG)14 
and the Houston Consensus16 do not recommend 
either test preferentially, but both note the sub-
stantially lower cost of stool antigen testing. In 
contrast, the Maastricht V–Florence guidelines15 
recommend the urea breath test over stool anti-
gen testing because of its somewhat greater ac-
curacy for detecting infection. All strongly recom-
mend confirming eradication by means of the 
stool antigen test or urea breath test (Table 1).

Although proton-pump inhibitors (PPIs) are 
not effective antimicrobial agents, they have sup-
pressive effects on H. pylori and therefore should 

be discontinued before testing for infection and 
before confirming eradication by means of any 
testing method. Recommendations in the United 
States advise that patients discontinue PPIs and 
antibiotic agents for 30 days25,26 before testing, 
whereas the Maastricht V–Florence guidelines 
recommend that these agents should be discon-
tinued for only 2 weeks. The use of histamine 
H2-receptor blockers does not need to be re-
stricted and is recommended for the manage-
ment of heartburn or dyspepsia during the test-
ing window.

Serologic testing for H. pylori IgG is no longer 
recommended for the diagnosis of infection in 
areas in which the prevalence is 30% or less27; 
the current prevalence in the United States is 
estimated to be 30%. Because antibodies persist 
for several years, serologic testing for H. pylori 
IgG has a specificity of less than 80% for active 
H. pylori infection,23 and repeat serum IgG test-
ing is not useful for assessing eradication. Tests 
for antigen-specific IgA, IgG, and IgM in blood, 
urine, and saliva are no longer recommended 
because they lack meaningful predictive value.

Tr e atmen t

Benefits Regarding Associated Diseases

Evidence to support benefits of treatment of 
H. pylori infection for the conditions for which 
screening is recommended derives from random-
ized trials and observational studies. A Cochrane 
review of randomized trials showed that the ad-
dition of a therapy designed to eradicate H. pylori 
in patients who tested positive for this infection 
led to a lower incidence of duodenal ulceration 
(in 34 trials) or gastric ulceration (in 12 trials) 
than no treatment.28 The numbers of patients 
who would need to be treated for H. pylori infec-
tion in order to prevent a recurrent duodenal or 
gastric ulcer were 2 and 3, respectively. In an-
other meta-analysis of clinical trials, the number 
of patients with H. pylori infection who would 
need to be treated for dyspepsia (number needed 
to treat, 13) was greater than that for peptic ulcer 
disease.6

Studies have compared the prevalence of in-
fection and deaths from gastric cancer before 
and after the Japanese government began a pro-
gram to test for and treat H. pylori infection in 
2013.29,30 After the initiation of the program, the 
number of treated patients in Japan more than 

Active peptic ulcer disease or a history of peptic ulcer disease, unless H. pylori 
has been eradicated

Low-grade gastric mucosa–associated lymphoid tissue lymphoma (MALToma) 
or a history of endoscopic resection of early gastric cancer

Uninvestigated dyspepsia, with noninvasive testing in patients <60 yr of age 
who do not have alarm symptoms (e.g., weight loss, severe abdominal 
pain, dysphagia, vomiting, gastrointestinal bleeding, and others), but 
esophagogastroduodenoscopy is recommended in patients ≥60 yr of  
age or if alarm symptoms are present

Long-term aspirin use

Long-term NSAID use

Unexplained iron-deficiency anemia after thorough evaluation for other causes

Immune thrombocytopenia in adults

Completion of treatment for documented H. pylori infection in order to confirm 
eradication; testing should be performed ≥30 days after the completion of 
treatment and while the patient is not taking a PPI

*  Guidelines are from the American College of Gastroenterology (ACG)14 and 
the Maastricht V–Florence Consensus.15 Other indications for testing have 
been suggested, including various demographic features that have been asso-
ciated with increased risk — such as a family history of gastric cancer, status 
of being a first-generation immigrant from an area with high prevalence of  
H. pylori infection, and black race or Hispanic ethnic group16 — and long-term 
use of a proton-pump inhibitor (PPI).15,16 The indication regarding PPIs is based 
on observational studies that have shown an increased risk of atrophic gastri-
tis, a precursor of gastric cancer, in association with long-term use of PPIs.17 
Anyone with the indications for testing who has a positive test result should 
be treated; after the completion of treatment, eradication should be confirmed, 
according to the adage “Test. Treat. Test.” NSAID denotes nonsteroidal anti-
inflammatory drug.

Table 1. Indications for Testing for Helicobacter pylori Infection, According to 
Guidelines.*
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doubled, to approximately 1.5 million per year, 
while the number of deaths from gastric cancer 
steadily declined from 50,000 to 45,000 per 
year.30 An observational study in Hong Kong 
showed a significantly lower incidence of gastric 
cancer among patients older than 60 years of age 
who had received treatment to eradicate H. pylori 
infection than the expected number of cases in 
the general population.31 In a randomized, double-
blind, placebo-controlled trial in South Korea, 
patients with early gastric cancer who received 
treatment for H. pylori infection had lower rates 
of metachronous gastric cancer after a median of 
5.9 years than those who received placebo.32

Early-stage MALToma (type I or II) is effective-
ly treated with antibiotics to eradicate H. pylori 
infection. However, the treatment of more ad-
vanced stages of MALToma typically also involves 
surgery, radiation, chemotherapy, or a combina-
tion of these interventions.33

Randomized trials have shown that screening 
and treatment for H. pylori infection in persons 
who are starting or taking long-term NSAID 
therapy reduces the risk of peptic ulcer disease.34 
Although data from randomized trials have not 
confirmed similar benefits in persons taking 
low-dose aspirin, observational data showing a 
higher risk of bleeding in the upper gastrointesti-
nal tract among aspirin users who have H. pylori 
infection than among those who do not have the 
infection underlie recommendations for a similar 
strategy in this group.

Data from randomized trials have shown in-
creases in the hemoglobin level after eradication 
of H. pylori infection.35 However, a recent retro-
spective, single-center study showed no associa-
tion between unexplained iron-deficiency anemia 
and H. pylori infection in populations of older pa-
tients who did not have peptic ulcer or clinically 
meaningful upper gastrointestinal bleeding.36 Re-
garding immune thrombocytopenia, evidence to 
support screening for and treatment of H. pylori 
infection is largely limited to observational stud-
ies that have shown increased platelet counts 
with treatment; one small, randomized trial also 
suggested benefit.13

Treatment Regimens

The ACG guidelines support the use of any of 
the seven antimicrobial regimens listed in Ta-
ble 2 as a first-line treatment.14 Guidelines recom-
mend that decisions regarding therapy routinely 

take into account whether the patient has had 
any previous exposure to macrolide antibiotics 
(e.g., clarithromycin, azithromycin, and erythro-
mycin) and whether the patient has an allergy 
to penicillin. Because most patients with self-
described beta-lactam “allergy” do not have a 
true allergy,14 skin testing should be performed 
so that amoxicillin-containing regimens can be 
a treatment option if testing is negative. Other 
factors in decision making include other aller-
gies, potential adverse reactions (e.g., gut symp-
toms and also tendinitis with fluoroquinolones, 
which is a particular concern in older men), 
costs, insurance coverage, and availability.

Treatment with clarithromycin combined with 
amoxicillin and a PPI is listed first among the 
ACG recommendations for patients with no his-
tory of antibiotic treatment for the infection. 
This regimen is also recommended by the Maas-
tricht V–Florence Consensus, assuming that the 
level of clarithromycin resistance where a patient 
lives (or has lived) is less than 15%.15

Another commonly used regimen includes 
bismuth, tetracycline, metronidazole, and a PPI 
(i.e., bismuth-based quadruple therapy).39 This 
regimen was the standard treatment in the early 
1980s but was then largely replaced by the sim-
plified clarithromycin-based triple-therapy regi-
men. Guidelines recommend the use of bismuth-
based quadruple therapy for 10 to 14 days.15,37 A 
randomized trial comparing bismuth-based qua-
druple therapy with clarithromycin-based triple 
therapy showed no significant difference in the 
percentages of patients in whom H. pylori was 
eradicated (87.7% and 83.2%, respectively)40; the 
percentages of patients who adhered to treat-
ment and who had adverse events also appear to 
be similar in the two groups. Doxycycline is not 
considered to be as effective as tetracycline in 
the treatment of H. pylori infection.41

Because resistance to clarithromycin has in-
creased in many parts of the world, the bismuth-
based regimen is commonly used. Appropriate 
candidates for this regimen include persons who 
have been exposed to a macrolide, have allergy 
to penicillin, or both; clarithromycin-based triple 
therapy can also be used in such patients if 
amoxicillin is replaced with metronidazole. In 
patients with macrolide exposure and penicillin 
allergy, the bismuth-based regimen is essentially 
the only option. If the first two regimens fail, 
testing for antimicrobial resistance could be 
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considered (although such testing is not readily 
available in the United States) or one of the 
other five recommended treatment regimens 
could be used (Table 2).

Strategies to Address Antimicrobial 
Resistance

Guidelines in the United States have suggested 
that clarithromycin-containing regimens not be 
used when the level of clarithromycin resistance 
is more than 25%, but in the United States, there 
is a lack of broadly applicable data to inform 
local resistance patterns. A recent meta-analysis 

of 178 studies, which involved more than 66,000 
isolates from all WHO regions, assessed the 
prevalence and trends in H. pylori resistance to 
commonly prescribed antibiotics.42 Rates of pri-
mary and secondary resistance to clarithromycin, 
metronidazole, and levofloxacin were 15% or 
more in all regions, except for primary clarithro-
mycin resistance in the Americas (10%) and 
Southeast Asia (10%) and primary levofloxacin 
resistance in Europe (11%). The prevalence of 
primary combined resistance to both clarithro-
mycin and metronidazole was 19% in the East-
ern Mediterranean region but less than 10% in 

Treatment Type Components Duration Comments†

days

Clarithromycin-based  
triple therapy‡

PPI, clarithromycin, and amoxicillin (twice daily 
for all antibiotics)

14 Recommended unless patient has docu-
mented allergy to ampicillin or high 
level of clarithromycin resistance

Bismuth-based quadruple 
therapy (Pylera‡)

PPI, bismuth, tetracycline, and nitroimidazole 
(four times daily for all antibiotics)

10–14 Recommended if patient has high level 
of clarithromycin resistance or his-
tory of macrolide use

Concomitant therapy PPI, clarithromycin, amoxicillin, and nitroimid-
azole (once daily for all antibiotics)

10–14 Not appropriate in patient with high 
 level of clarithromycin resistance  
or documented allergy to ampicillin

Sequential therapy PPI and amoxicillin; then PPI, clarithromycin, 
and nitroimidazole (twice daily for all anti-
biotics)

7, then 7 Not appropriate in patient with high 
 level of clarithromycin resistance  
or documented allergy to ampicillin

Hybrid therapy PPI and amoxicillin; then PPI, amoxicillin, clari-
thromycin, and nitroimidazole (twice daily 
for all antibiotics)

7, then 7 Not appropriate in patient with high 
 level of clarithromycin resistance  
or documented allergy to ampicillin

Levofloxacin-based triple 
therapy

PPI, levofloxacin (once daily), and amoxicillin 
(twice daily)

10–14 Not appropriate in patient with docu-
mented allergy to ampicillin

Fluoroquinolone-based  
sequential therapy

PPI and amoxicillin; then PPI, levofloxacin, and 
nitroimidazole (twice daily for all antibiotics)

5–7, then 5–7 Complicated with regard to treatment 
adherence; not appropriate in pa-
tient with documented allergy to 
 ampicillin

*  The evidence-based treatment regimens for H. pylori infection in North America (according to the Toronto Consensus37) are listed in the 
 order of recommendation that appears in the ACG 2017 guidelines.14 PPIs are to be administered twice daily in all seven first-line treatment 
recommendations, and the recommended doses are as follows: omeprazole, 20 mg; esomeprazole, 20 mg or 40 mg; lansoprazole, 30 mg; 
dexlansoprazole, 30 mg or 60 mg; pantoprazole, 40 mg; and rabeprazole, 20 mg.14,37 The recommended doses of the other agents are as 
 follows: clarithromycin, 500 mg; amoxicillin, 1 g; bismuth, 120 to 300 mg (available in various formulations); tetracycline, 500 mg; nitro-
imidazole, 500 mg; metronidazole (a nitromidazole drug), 500 mg; and levofloxacin, 500 mg.37,38

†  Adverse effects of all antibiotic agents include candidiasis, Clostridium difficile infection, and allergic reaction. Adverse effects that are partic-
ular to specific components of the regimens include the following: for clarithromycin, abnormal taste in the mouth; for metronidazole, gas-
trointestinal symptoms, metallic taste, rare neurologic side effects (particularly at high doses), possible disulfiram-like reaction in patients 
drinking alcohol (if used repeatedly or for prolonged courses), and accumulation in fetal bones and teeth when administered to pregnant 
women; for levofloxacin, gastrointestinal symptoms, central nervous system toxic effects (Food and Drug Administration [FDA] black-box 
warning about risks of delirium, memory impairment, disorientation, agitation, and disturbances in attention), tendinitis and tendon rup-
ture, and QT prolongation (and this drug should be avoided in persons with myasthenia gravis); and for rifabutin (which is not a first-line 
treatment and is not typically prescribed by primary care physicians and many gastroenterologists), reversible myelotoxic effects and poten-
tial for increased prevalence of rifabutin-resistant mycobacteria. Adverse effects of long-term PPI use include an increased risk of C. difficile 
infection, microscopic colitis, kidney disease, pneumonia, dementia, atrophic gastritis, and malabsorption of iron, magnesium, calcium,  
and vitamin B12.

‡  This therapy has been approved by the FDA.14

Table 2. Evidence-based Treatment Regimens for H. pylori Infection in North America, Listed in Recommended Order.*
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other regions. Primary resistance to amoxicillin 
and tetracycline was below 15% in all regions. 
Antibiotic resistance rates were heterogeneous 
across countries within the various regions and 
were generally lower among children and higher 
among adults; in most regions, there appeared 
to be increases in resistance over time (from the 
2006–2008 period to the 2012–2016 period). For 
all the antibiotics, there were significant asso-
ciations between eradication treatment failure 
and resistance detected before treatment.

A recent observational study showed that only 
35% of patients who had been treated for H. pylori 
infection underwent follow-up testing to con-
firm eradication and that many patients who 
had treatment failure were retreated with the 
same regimen.43 It is critical to test for eradica-
tion after treatment is completed and to use a 
different regimen when eradication failure is doc-
umented.42 One randomized trial showed that 
regimens with rifabutin were effective rescue 
therapies in patients with treatment failure who 
had H. pylori infection that was resistant to both 
metronidazole and clarithromycin.44

A r e a s of Uncerta in t y

Data are needed to inform strategies to improve 
adherence to the multidrug regimens needed for 
eradication. Some data, including results of a 
small, randomized, placebo-controlled trial, sug-
gest that probiotics can reduce the incidence and 
severity of side effects of antibiotic regimens.45,46

More data are needed from observational tri-
als of treatment for H. pylori infection in regions 
in which there is a high prevalence of infection 
and an increased incidence of gastric cancer. 
Such findings would help us to better assess the 
effects of eradication therapy on the risk of gas-
tric cancer.

Strategies are needed to assess H. pylori anti-
biotic resistance effectively in practice in various 
areas of the United States. Efforts to develop a 
vaccine against H. pylori could facilitate eradica-
tion worldwide, but thus far such efforts have 
been unsuccessful.47

In Japan, vonoprazan, an oral potassium-
competitive acid blocker, has been used in place 
of a PPI in treatment regimens for H. pylori infec-
tion. This agent has shown effectiveness that is 
similar to or greater than that with a PPI when 
it was used with antibiotics for the eradication 

of H. pylori.48,49 Further study is needed to assess 
whether this approach will be as effective against 
heterogeneous strains in different regions.

Guidelines

All the recommendations discussed above are 
consistent with the ACG guidelines for the 
evaluation and treatment of H. pylori infection. 
An important recommendation in the 2017 ACG 
guidelines,14 which represented a considerable 
change from the 2007 guidelines,23 was that all 
infected persons should be treated and then re-
tested to assess for successful eradication.14 Al-
though the recommendations of other guide-
lines are generally similar, they vary somewhat 
in view of regional differences in drug availabil-
ity, antimicrobial resistance, and rates of gastric 
cancer.14-16,37,50 For example, in regions that have a 
higher incidence of infection and earlier onset of 
gastric cancer, testing is suggested at a younger 
age, before preneoplastic changes arise.50 The 
Toronto Consensus recommended that all treat-
ment regimens be administered for 10 to 14 days,37 
and the ACG14 and Maastricht V–Florence Con-
sensus15 guidelines followed this recommenda-
tion. The Houston Consensus Conference on 
testing for H. pylori infection in the United States 
proposed additional groups to be tested, including 
persons with a family history of gastric cancer, 
first-generation immigrants who had lived in 
areas with high prevalence of H. pylori infection, 
and black or Hispanic patients.16

Conclusions a nd 
R ecommendations

The patient in the vignette received a diagnosis 
of H. pylori infection that was made on the basis 
of IgG serologic testing. More-specific testing, 
with the use of stool antigen or urea breath test-
ing, would have been preferred to determine 
whether she had active infection. She initially re-
ceived a clarithromycin-based treatment, which 
did not ameliorate her symptoms.

Because of cost and ease, I would recommend 
a stool antigen test to confirm the presence of 
active infection and the failure of the clarithro-
mycin-based treatment. If the test results are 
positive, a different treatment regimen would be 
indicated. Failure of the initial clarithromycin-
based regimen would not be surprising because 
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the patient is from Eastern Europe, an area that 
has a clarithromycin resistance level of 15 to 
40%.42 I would recommend treatment with bis-
muth-based quadruple therapy for 10 to 14 days, 
with a subsequent test performed 4 weeks after 
the completion of treatment (including the use 
of a PPI) to confirm eradication.

No potential conflict of interest relevant to this article was 
reported.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.
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References
1. Hooi JKY, Lai WY, Ng WK, et al. Global 
prevalence of Helicobacter pylori infection: 
systematic review and meta-analysis. Gas-
troenterology 2017; 153: 420-9.
2. Hu Y, Wan JH, Li XY, Zhu Y, Graham 
DY, Lu NH. Systematic review with meta-
analysis: the global recurrence rate of He-
licobacter pylori. Aliment Pharmacol Ther 
2017; 46: 773-9.
3. Bamford KB, Bickley J, Collins JSA,  
et al. Helicobacter pylori: comparison of 
DNA fingerprints provides evidence for 
intrafamilial infection. Gut 1993; 34: 1348-
50.
4. Langenberg W, Rauws EA, Oudbier JH, 
Tytgat GN. Patient-to-patient transmis-
sion of Campylobacter pylori infection by 
fiberoptic gastroduodenoscopy and biopsy. 
J Infect Dis 1990; 161: 507-11.
5. Moayyedi P. The health economics of 
Helicobacter pylori infection. Best Pract 
Res Clin Gastroenterol 2007; 21: 347-61.
6. Ford AC, Moayyedi P. Whom should 
we “test and treat” for Helicobacter pylori? 
BMJ 2014; 348: g3320.
7. Hentschel E, Brandstätter G, Dragosics 
B, et al. Effect of ranitidine and amoxicil-
lin plus metronidazole on the eradication 
of Helicobacter pylori and the recurrence of 
duodenal ulcer. N Engl J Med 1993; 328: 
308-12.
8. Uemura N, Okamoto S, Yamamoto S, 
et al. Helicobacter pylori infection and the 
development of gastric cancer. N Engl J 
Med 2001; 345: 784-9.
9. Parsonnet J, Friedman GD, Vander-
steen DP, et al. Helicobacter pylori infection 
and the risk of gastric carcinoma. N Engl 
J Med 1991; 325: 1127-31.
10. Nomura A, Stemmermann GN, Chyou 
P-H, Kato I, Perez-Perez GI, Blaser MJ. Heli-
cobacter pylori infection and gastric carci-
noma among Japanese Americans in Ha-
waii. N Engl J Med 1991; 325: 1132-6.
11. Parsonnet J, Hansen S, Rodriguez L, 
et al. Helicobacter pylori infection and gas-
tric lymphoma. N Engl J Med 1994; 330: 
1267-71.
12. DuBois S, Kearney DJ. Iron-deficiency 
anemia and Helicobacter pylori infection: 
a review of the evidence. Am J Gastroen-
terol 2005; 100: 453-9.
13. Rostami N, Keshtkar-Jahromi M, 
Rahnavardi M, Keshtkar-Jahromi M, Esfa-
hani FS. Effect of eradication of Helico-
bacter pylori on platelet recovery in patients 

with chronic idiopathic thrombocytopenic 
purpura: a controlled trial. Am J Hematol 
2008; 83: 376-81.
14. Chey WD, Leontiadis GI, Howden CW, 
Moss SF. ACG clinical guideline: treat-
ment of Helicobacter pylori infection. Am 
J Gastroenterol 2017; 112: 212-39.
15. Malfertheiner P, Megraud F, O’Morain 
CA, et al. Management of Helicobacter 
pylori infection — the Maastricht V/Flor-
ence Consensus Report. Gut 2017; 66: 6-30.
16. El-Serag HB, Kao JY, Kanwal F, et al. 
Houston Consensus Conference on test-
ing for Helicobacter pylori infection in the 
United States. Clin Gastroenterol Hepatol 
2018; 16(7): 992-1002.e6.
17. Cheung KS, Chan EW, Wong AYS, 
Chen L, Wong ICK, Leung WK. Long-term 
proton pump inhibitors and risk of gas-
tric cancer development after treatment 
for Helicobacter pylori: a population-based 
study. Gut 2018; 67: 28-35.
18. Bai Y, Li ZS, Zou DW, et al. Alarm fea-
tures and age for predicting upper gastro-
intestinal malignancy in Chinese patients 
with dyspepsia with high background prev-
alence of Helicobacter pylori infection and 
upper gastrointestinal malignancy: an en-
doscopic database review of 102,665 pa-
tients from 1996 to 2006. Gut 2010; 59: 
722-8.
19. Nishikawa K, Sugiyama T, Kato M, et 
al. A prospective evaluation of new rapid 
urease tests before and after eradication 
treatment of Helicobacter pylori, in com-
parison with histology, culture and 13C-
urea breath test. Gastrointest Endosc 
2000; 51: 164-8.
20. Braden B, Teuber G, Dietrich CF, Cas-
pary WF, Lembcke B. Comparison of new 
faecal antigen test with (13)C-urea breath 
test for detecting Helicobacter pylori in-
fection and monitoring eradication treat-
ment: prospective clinical evaluation. BMJ 
2000; 320: 148.
21. Vaira D, Vakil N, Menegatti M, et al. 
The stool antigen test for detection of He-
licobacter pylori after eradication therapy. 
Ann Intern Med 2002; 136: 280-7.
22. Veijola L, Myllyluoma E, Korpela R, 
Rautelin H. Stool antigen tests in the di-
agnosis of Helicobacter pylori infection 
before and after eradication therapy. World 
J Gastroenterol 2005; 11: 7340-4.
23. Chey WD, Wong BC. American Col-
lege of Gastroenterology guideline on the 

management of Helicobacter pylori infec-
tion. Am J Gastroenterol 2007; 102: 1808-25.
24. Gunnarsson M, Leide-Svegborn S, 
Stenström K, et al. Long-term biokinetics 
and radiation exposure of patients under-
going 14C-glycocholic acid and 14C-xylose 
breath tests. Cancer Biother Radiopharm 
2007; 22: 762-71.
25. Gatta L, Vakil N, Ricci C, et al. Effect 
of proton pump inhibitors and antacid 
therapy on 13C urea breath tests and stool 
test for Helicobacter pylori infection. Am 
J Gastroenterol 2004; 99: 823-9.
26. Laine L, Estrada R, Trujillo M, Knigge 
K, Fennerty MB. Effect of proton-pump 
inhibitor therapy on diagnostic testing 
for Helicobacter pylori. Ann Intern Med 
1998; 129: 547-50.
27. Chiba N, Veldhuyzen Van Zanten SJ. 
13C-Urea breath tests are the noninvasive 
method of choice for Helicobacter pylori 
detection. Can J Gastroenterol 1999; 13: 
681-3.
28. Ford AC, Gurusamy KS, Delaney B, 
Forman D, Moayyedi P. Eradication ther-
apy for peptic ulcer disease in Helico-
bacter pylori-positive people. Cochrane 
Database Syst Rev 2016; 4: CD003840.
29. Hiroi S, Sugano K, Tanaka S, Kawa-
kami K. Impact of health insurance cover-
age for Helicobacter pylori gastritis on the 
trends in eradication therapy in Japan: ret-
rospective observational study and simula-
tion study based on real-world data. BMJ 
Open 2017; 7(7): e015855.
30. Tsuda M, Asaka M, Kato M, et al. Effect 
on Helicobacter pylori eradication therapy 
against gastric cancer in Japan. Helico-
bacter 2017; 22(5): e12415.
31. Leung WK, Wong IOL, Cheung KS,  
et al. Effects of Helicobacter pylori treat-
ment on incidence of gastric cancer in 
older individuals. Gastroenterology 2018; 
155: 67-75.
32. Choi IJ, Kook M-C, Kim Y-I, et al. Heli-
cobacter pylori therapy for the prevention of 
metachronous gastric cancer. N Engl J Med 
2018; 378: 1085-95.
33. Fischbach W. Gastric mucosal-associ-
ated lymphoid tissue lymphoma. Gastro-
enterol Clin North Am 2013; 42: 371-80.
34. Leung Ki EL, Chan FK. Helicobacter 
pylori infection and nonsteroidal anti-
inflammatory drug use: eradication, acid-
reducing therapy, or both? Clin Gastroen-
terol Hepatol 2012; 10: 831-6.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITY OF MINNESOTA LIBRARIES on March 20, 2019. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 



n engl j med 380;12 nejm.org March 21, 2019 1165

Clinical Pr actice

35. Qu XH, Huang XL, Xiong P, et al. 
Does Helicobacter pylori infection play a 
role in iron deficiency anemia? A meta-
analysis. World J Gastroenterol 2010; 16: 
886-96.
36. John S, Baltodano JD, Mehta N, Mark 
K, Murthy U. Unexplained iron deficiency 
anemia: does Helicobacter pylori have a role 
to play? Gastroenterol Rep (Oxf) 2018; 6: 
215-20.
37. Fallone CA, Chiba N, van Zanten SV, 
et al. The Toronto Consensus for the 
treatment of Helicobacter pylori infection 
in adults. Gastroenterology 2016; 151(1): 
51-69.e14.
38. Gatta L, Scarpignato C, Fiorini G, et al. 
Impact of primary antibiotic resistance on 
the effectiveness of sequential therapy for 
Helicobacter pylori infection: lessons from 
a 5-year study on a large number of 
strains. Aliment Pharmacol Ther 2018; 47: 
1261-9.
39. Akyildiz M, Akay S, Musoglu A, Tuncy-
urek M, Aydin A. The efficacy of raniti-
dine bismuth citrate, amoxicillin and 
doxycycline or tetracycline regimens as a 
first line treatment for Helicobacter pylori 
eradication. Eur J Intern Med 2009; 20: 53-7.
40. Laine L, Hunt R, El-Zimaity H, Nguyen 
B, Osato M, Spénard J. Bismuth-based 
quadruple therapy using a single capsule 

of bismuth biskalcitrate, metronidazole, 
and tetracycline given with omeprazole 
versus omeprazole, amoxicillin, and clari-
thromycin for eradication of Helicobacter 
pylori in duodenal ulcer patients: a pro-
spective, randomized, multicenter, North 
American trial. Am J Gastroenterol 2003; 
98: 562-7.
41. Liou JM, Chen PY, Luo JC, et al. Effica-
cies of genotypic resistance-guided vs em-
pirical therapy for refractory Helicobacter 
pylori infection. Gastroenterology 2018; 
155: 1109-19.
42. Savoldi A, Carrara E, Graham DY, 
Conti M, Tacconelli E. Prevalence of anti-
biotic resistance in Helicobacter pylori: 
a systematic review and meta-analysis in 
World Health Organization regions. Gas-
troenterology 2018; 155 (5): 1372-1382.e17.
43. Rubin J, Lai A, Dulai P, Gupta S, 
Crowe SE. Low rates of H. pylori eradica-
tion testing and cure rates in usual care. 
Gastroenterology 2018; 154: S503-S504. ab-
stract.
44. Perri F, Festa V, Clemente R, et al. 
Randomized study of two “rescue” thera-
pies for Helicobacter pylori-infected pa-
tients after failure of standard triple ther-
apies. Am J Gastroenterol 2001; 96: 58-62.
45. Cindoruk M, Erkan G, Karakan T, 
Dursun A, Unal S. Efficacy and safety of 

Saccharomyces boulardii in the 14-day 
triple anti-Helicobacter pylori therapy:  
a prospective randomized placebo-con-
trolled double-blind study. Helicobacter 
2007; 12: 309-16.
46. Franceschi F, Cazzato A, Nista EC, et al. 
Role of probiotics in patients with Helico-
bacter pylori infection. Helicobacter 2007; 
12: Suppl 2: 59-63.
47. Stubljar D, Jukic T, Ihan A. How far 
are we from vaccination against Helico-
bacter pylori infection? Expert Rev Vac-
cines 2018; 17: 935-45.
48. Sue S, Shibata W, Sasaki T, et al. Ran-
domized trial of vonoprazan-based versus 
proton-pump inhibitor-based third-line 
triple therapy with sitafloxacin for Helico-
bacter pylori. J Gastroenterol Hepatol 2018 
August 27 (Epub ahead of print).
49. Li M, Oshima T, Horikawa T, et al. 
Systematic review with meta-analysis: vono-
prazan, a potent acid blocker, is superior 
to proton-pump inhibitors for eradication 
of clarithromycin-resistant strains of He-
licobacter pylori. Helicobacter 2018; 23(4): 
e12495.
50. Sugano K, Tack J, Kuipers EJ, et al. 
Kyoto global consensus report on Helico-
bacter pylori gastritis. Gut 2015; 64: 1353-
67.
Copyright © 2019 Massachusetts Medical Society.

images in clinical medicine

The Journal welcomes consideration of new submissions for Images in Clinical 
Medicine. Instructions for authors and procedures for submissions can be found 
on the Journal’s website at NEJM.org. At the discretion of the editor, images that  

are accepted for publication may appear in the print version of the Journal,  
the electronic version, or both. 

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITY OF MINNESOTA LIBRARIES on March 20, 2019. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 


