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INTRODUCTION: Increasing antimicrobial resistance with Helicobacter pylori infection has focused efforts to tailor

eradication therapy based on identifying genetic markers of resistance to predict antimicrobial

susceptibility.

METHODS: In this retrospective study, we report the effect of routine inclusion of antimicrobial susceptibility

testing and recommendations for eradication therapy with gastric specimens with H. pylori.

RESULTS: Theuseofa recommended treatment regimenbasedongeneticmarkersof resistancewasassociatedwithan

84% rate of eradication success and 4.4 greater odds of eradication relative to unrecommended treatment.

1Division of Gastroenterology and Liver Disease, Department of Medicine, University Hospitals Cleveland Medical Center, Cleveland, Ohio, USA; 2Department of
Medicine, School of Medicine, Case Western Reserve University, Cleveland, Ohio, USA; 3Division of Infectious Diseases & HIV Medicine, Department of Medicine,
University Hospitals Cleveland Medical Center, Cleveland, Ohio, USA; 4Medicine Service, Veterans Affairs Northeast Ohio Healthcare System, Cleveland, Ohio, USA;
5Department of Pathology, School of Medicine, Case Western Reserve University, Cleveland, Ohio, USA; 6Department of Pathology, University Hospitals Cleveland
Medical Center, Cleveland,Ohio, USA; 7Department of Pathology, Cleveland Clinic Lerner College ofMedicine, CaseWesternReserveUniversity, Cleveland,Ohio, USA.
Correspondence: Linda C. Cummings, MD, MS. E-mail: linda.cummings@case.edu.
*Linda C. Cummings and Leila S. Hojat contributed equally to this work.
Received June 15, 2022; accepted November 2, 2022; published online October 11, 2022

The American Journal of GASTROENTEROLOGY VOLUME 118 | FEBRUARY 2023 www.amjgastro.com

BRIEF COMMUNICATION360

mailto:linda.cummings@case.edu
http://www.amjgastro.com


DISCUSSION: This is the first study describing the use of H. pylori genetic resistance testing as standard of care.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/C785 and http://links.lww.com/AJG/C786
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Helicobacter pylori infection is a leading cause of peptic ulcer
disease and gastric cancer worldwide. Owing to widespread use of
antibiotics, antimicrobial resistance is increasingly common inH.
pylori infections. Molecular methods identifying H. pylori mu-
tations associated with antibiotic resistance provide an efficient
means to tailor eradication therapy at the onset of treatment. We
previously reported the use of a culture-free next-generation se-
quencing (NGS) assay to analyze H. pylori extracted from

formalin-fixed, paraffin-embedded gastric biopsy specimens for
mutations conferring resistance to clarithromycin, levofloxacin,
and tetracycline (1). In this study, we described the effect of using
this NGS test to identify mutations associated with antimicrobial
resistance (MAAR) as part of standard of care. Recommendations
for eradication therapy based onMAARfindingswere reported as
an addendum to the gastric biopsy pathology report in the pa-
tient’s medical record.

Table 1. Baseline characteristics and eradication success by initial treatment regimen before and after implementation of reflex reporting

of Helicobacter pylori mutations associated with antimicrobial resistance with treatment recommendations

Preintervention Postintervention

P valuesaCohort 1 Cohort 2Ab Cohort 2Bc

Age, yr (mean 6 SD) 57.6 6 16.1 59.3 6 16.2 61.1 6 14.3 0.57

Female sex (%) 93 (68.9) 71 (70.3) 16 (61.5) 0.39

Race 0.99

White, n (%) 75 (55.6) 41 (40.6) 11 (42.3)

Black (%) 52 (38.5) 52 (51.5) 13 (50.0)

Other (%) 8 (5.9) 8 (7.9) 2 (7.7)

Any antibiotic allergy (%) 34 (25.2) 25 (24.8) 10 (38.5) 0.16

Preintervention Postintervention

Cohort 2Abb Cohort 2Bc

Treated ES (%) Treated ES (%) Treated ES (%)

Quadruple therapy

PPI-tetracycline-metronidazole-bismuth 21 18 (85.7) 35 31 (88.6) 1 1 (100)

PPI-amoxicillin-metronidazole-bismuth 4 4 (100) 6 4 (66.7)

Any quadruple therapy 25 22 (88.0) 35 31 (88.6) 7 5 (71.4)

Triple therapy

PPI-clarithromycin-amoxicillin 89 69 (77.5) 51 43 (84.3) 11 5 (45.5)

PPI-clarithromycin-metronidazole 14 6 (42.8) 8 6 (75.0) 4 0 (0)

PPI-levofloxacin-amoxicillin 1 1 (100) 6 4 (66.7)

PPI-amoxicillin-metronidazole 4 2 (50.0) 1 1 (100)

Any triple therapy 108 78 (72.2) 65 53 (81.5) 16 6 (37.5)

Dual therapy

PPI-levofloxacin 1 1 (100)

PPI-metronidazole 1 1 (100)

PPI-amoxicillin 1 1 (100) 1 1 (100)

Any dual therapy 1 1 (100) 1 1 (100) 2 2 (100)

Otherd 1 1 (100) 1 1 (100)

All regimens 135 102 (75.6) 101 85 (84.2) 26 14 (53.8)

ES, eradication success; PPI, proton pump inhibitor.
aComparison of baseline characteristics between cohort 2A and cohort 2B.
bCohort 2A was prescribed a treatment regimen consistent with report recommendations.
cCohort 2B was prescribed a treatment regimen that was not consistent with report recommendations.
dSubject in cohort 1 was prescribed amoxicillin, rifabutin, and PPI; subject in cohort 2B was prescribed amoxicillin, doxycycline, metronidazole, and PPI.
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A multidisciplinary team including pathologists with exper-
tise in genomic sequencing (N.S.) and microbiology (D.D.R.),
infectious disease experts (L.S.H., D.C.N.), and a gastroenterol-
ogist (L.C.C.) convened in early 2020 to develop specific treat-
ment recommendations based on susceptibility testing to guide
clinicians in selection of eradication therapy for H. pylori.
Treatment recommendations for 14-day eradication regimens
were developed based on available guidelines from North
America (2,3) and included recommendations to ascertain pre-
vious macrolide exposure and to consider allergy testing in pa-
tients reporting penicillin allergy. Beginning in June 2020, H.
pylori MAAR testing for clarithromycin, levofloxacin, and tetra-
cyclinewas included as a reflex test for all gastric specimenswithH.
pylori identified by histopathology within the University Hospitals
Health System (including 12 hospitals) in northeast Ohio (see
SupplementaryMethods, SupplementaryDigital Content 1, http://
links.lww.com/AJG/C785). MAAR testing with treatment recom-
mendations was reported as an addendum to the pathology report.
Treatment recommendations (see Supplementary Table 1, Sup-
plementary Digital Content 2, http://links.lww.com/AJG/C786)
avoided the use of antibiotics expected to be resistant.

This study aimed to evaluate the effect of MAAR-informed
treatment recommendations on eradication success. Institutional
Review Board approval was obtained from University Hospitals
Cleveland Medical Center. Information on the prescribed eradi-
cation therapy regimen was extracted from the medical record.
Results of testing for confirmation of eradication (urea breath test,
stool antigen test, or repeat biopsies) for patients receiving eradi-
cation therapy were tracked. We evaluated rates of eradication
success before and after implementation of reflexMAAR testing in

the period fromFebruary 1, 2019, toNovember 1, 2021, in patients
without documentation of previous treatment for H. pylori and
compared eradication rates using Pearson x2 tests. Patients with
treatment data before the intervention were designated cohort 1.
Among patients with MAAR results and treatment data after the
intervention, we compared eradication success between patients
prescribed a regimen consistent with the recommended therapy
(designated cohort 2A) and those prescribed a regimen that de-
viated from the recommendations (designated cohort 2B).

Before the intervention, 866 subjects were considered. Of them,
16% (135/866; cohort 1) had no previous treatment, a documented
eradication therapy regimen, and documented eradication testing
results. The eradication success ratewas 76% (102/135), with a higher
eradicationsuccess for subjects receivingquadruple therapy (Table1).

After the intervention, 603 subjects were considered. Of them,
21% (127/603; cohort 2) had no previous treatment, a docu-
mented eradication therapy regimen, and documented eradica-
tion testing results. MAAR for clarithromycin, levofloxacin, and
combined levofloxacin/clarithromycin resistance were detected
in 34% (43/127), 36% (46/127), and 16% (20/127) of subjects,
respectively, after the intervention (Table 2). Eighty percent (101/
127) of cohort 2 was prescribed a recommended regimen (cohort
2A), and 20% (26/127) of subjects were prescribed an unrecom-
mended regimen (cohort 2B). Based on chart review, 58% (15/26)
of subjects in cohort 2B were prescribed treatment before the
release of the MAAR report. In an additional 31% (8/26) of
subjects in cohort 2B for whom treatment was prescribed on or
after the release of the MAAR report, provider notes regarding
treatment did not acknowledge MAAR testing results.

After the intervention, the eradication success rate was
84% (85/101) for cohort 2A and 54% (14/26) for cohort 2B
(P5 0.001). Among 70 subjects in cohort 2 with any antimicrobial
resistance, the eradication success rate was 84% (41/49) for cohort
2A and 48% (10/21) for cohort 2B (P5 0.002). In a multivariable
logistic regression including all subjects in cohort 2, being pre-
scribed a recommended regimen (cohort 2A) was independently
associated with 4.4 times greater odds of treatment success after

Table 2. Predicted antimicrobial resistance after implementation

of reflex reporting ofHelicobacter pylorimutations associatedwith

antimicrobial resistance

All samples tested

after intervention

(n5 603)

Cohort 2

(n 5 127)

No. of

cases

% of

total

No. of

cases

% of

total

Clarithromycin resistancea 195 32.3 43 33.9

Levofloxacin resistanceb 236 39.1 46 36.2

Tetracycline resistancec 14 2.3 3 2.4

Clarithromycin 1 levofloxacin

resistance

115 19.1 20 15.7

Clarithromycin 1 tetracycline

resistance

8 1.3 1 0.8

Levofloxacin 1 tetracycline

resistance

7 1.2 2 1.6

Clarithromycin 1 levofloxacin 1

tetracycline resistance

5 0.8 1 0.8

No resistance identifieda,b,c 282 46.8 57 44.9

a23S rRNA gene mutations (A2142C/G and A2143G) predicted to confer
resistance to clarithromycin.
bgyrA gene mutations (87N.H/I/K and 91D.G/H/M/N/Y) predicted to confer
resistance to levofloxacin.

c16S rRNA gene mutations (A926C/G and A928G) predicted to confer
resistance to tetracycline.

Table 3. Factors associated with eradication success after

implementation of reflex reporting ofHelicobacter pylorimutations

associated with antimicrobial resistance

Covariate Odds ratio 95% CI P value

Cohort 2A vs cohort 2Ba 4.43 1.61–12.51 0.004

Any mutation associated with

antimicrobial resistance present

0.76 0.27–2.08 0.59

Age 1.02 0.98–1.05 0.37

Male sex 0.93 0.36–2.57 0.89

Race

White Reference

Black 0.92 0.33–2.47 0.86

Other 0.21 0.04–1.01 0.05

Any antibiotic allergy present 0.60 0.22–1.71 0.33

CI, confidence interval.
aCohort 2A was prescribed a treatment regimen consistent with report
recommendations. Cohort 2Bwas prescribed a treatment regimen thatwas not
consistent with report recommendations.
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adjusting for any antimicrobial resistance, age, sex, race, and any
antibiotic allergy (95% confidence interval 1.61–12.51; Table 3).

The cure rate with empiric therapy in our population (represented
by cohort 1)was,90%, the threshold suggested in a recentlyproposed
algorithm for the use of susceptibility testing before therapy (4). No-
tably,mutations associatedwith antibiotic resistancewere identified in
55% of samples tested. Of most importance, we found that treatment
with regimenscontaininganantimicrobial drug forwhich theH.pylori
is expected to be resistant based on testing (cohort 2B)wasmore likely
to fail than when using a recommended regimen (cohort 2A).

Recent communications have reported the use of NGS methods
to evaluate H. pylori antimicrobial resistance (5–7). One study
reported a 53% rate of clarithromycin resistance (6). Our study
revealed a 34% rate of clarithromycin resistance, which well exceeds
the 10%–18% rate reported in a systematic review for Americas
region (8) and the 15% threshold above which guidelines recom-
mend against empiric clarithromycin triple therapy (2). To our
knowledge, this is the first study describing the use of H. pylori
genetic resistance testing as standardof care.The studydemonstrates
that routine evaluation of MAAR for H. pylori can direct initial
therapy, improve patient outcomes, and promote antimicrobial
stewardship by avoiding the use of ineffective antibiotics. Moreover,
this analysis reports local eradication success rates for specific regi-
mens, in keeping with recommendations in recent literature on H.
pylori therapy (9–11).Our study is limited by lack of eradicationdata
on the majority of patients, inability to assess adherence to eradi-
cation therapy, and the inability to confirm that clinician treatment
decisions were made in response to treatment guidance. Future
studies should identify methods to improve adoption of recom-
mended therapies and evaluate the utility of personalized treatment
recommendations paired with active antimicrobial stewardship in-
terventions targeting H. pylori eradication.
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