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Abstract
Background Declining Helicobacter pylori (H. pylori) eradication rates have prompted a switch in first-line therapy from 
standard triple (PPI, clarithromycin, and amoxicillin) to bismuth-based quadruple therapy. A caveat of the ACG 2017 H. 
pylori treatment guidelines was a paucity of recent US eradication data.
Aim To determine Rhode Island H. pylori eradication data, in the largest US study from the last two decades.
Methods Electronic records were queried for patients with H. pylori infection diagnosed by pathology, urea breath test, or 
stool antigen from 2015 to 2017. Demographics, diagnostic test, treatment regimen, and test of cure were extracted. Eradica-
tion rates were calculated, and treatment regimens were compared.
Results A total of 1710 patients were identified (64% female): 825 (46%) diagnosed by breath test, 755 (42%) by biopsy, and 
191 (12%) by stool antigen. Full data were obtained on 1101 patients. Seven regimens were used: quadruple (64%), triple 
(25%), doxycycline quadruple (5%), and miscellaneous (6%). Quadruple was superior to triple: (85% vs. 75%, P = 0.002), 
quadruple 14 days versus triple 14 days (87% vs. 79%, P = 0.0052), quadruple 10 days versus triple 10 days (77% vs. 67%, 
P = 0.33). Increased therapy length improved eradication (quadruple 14 days  vs. 10 days, 87% vs. 77%, P = 0.002; triple 
14 days  versus 10 days 79% vs. 67%, P = 0.13). Finally, substituting doxycycline for tetracycline yielded lower eradication 
(85% vs. 67%, P = 0.006).
Conclusion Quadruple therapy is superior to triple therapy within the Rhode Island population. Fourteen-day therapy 
achieves superior eradication compared to 10-day therapy, and doxycycline is inferior to tetracycline for quadruple therapy. 
Our findings support adherence to ACG and international guidelines advising 14-day quadruple therapy.
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Abbreviations
ACG   American College of Gastroenterology
PPI  Proton pump inhibitor
TOC  Test of cure
UBT  Urea breath test

Introduction

Helicobacter pylori (H. pylori) has a well-established role 
in the etiology of gastroduodenal ulcers, gastritis, and gas-
tric malignancies. Prompt eradication of H. pylori has been 
shown to be the most cost-effective long-term manage-
ment strategy to prevent ulcer recurrence and has long been 
considered the standard of care [1, 2]. However, emerging 
antibiotic resistance has resulted in changes regarding the 
selection of optimal therapy for H. pylori infection [3, 4].
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Declining H. pylori eradication rates and rising antibiotic 
resistance rates worldwide have prompted authorities such as 
the American College of Gastroenterology (ACG), the Euro-
pean Helicobacter and Microbiota study group, and a group 
of Canadian experts (the Toronto consensus) to recommend 
quadruple therapy as one of the first-line choices over the 
commonly used clarithromycin-based triple regimen [4–6]. 
A major caveat in the development of the ACG 2017 guide-
lines was acknowledged to be a paucity of USA-based eradi-
cation data from the last two decades. For example, back in 
2000 Laine et al. [7] published a three-center double-blind 
trial with 448 patients which reported 84% eradication with 
10-day triple therapy. Vakil et al. in 2004 published an eradi-
cation rate of 7-day triple therapy of 77% in 803 patients 
[8]. These are among the largest USA studies published in 
the last twenty years, none of which evaluated the currently 
recommended first-line bismuth quadruple therapy. This 
deficit prompted us to examine H. pylori eradication results 
in our local population of Rhode Island. Our objective was 
to evaluate whether first-line quadruple therapy was actually 
supported by a large series of cases from the USA, as recom-
mended in the ACG 2017 guidelines [4].

Methods

The electronic medical records and separate pathology data-
bases of the two major Rhode Island academic hospitals 
(Rhode Island Hospital and The Miriam Hospital) were 
queried for patients with H. pylori infection diagnosed by 
endoscopic biopsy, urea breath test (UBT), or stool antigen 

testing during calendar years 2015, 2016, and 2017. Basic 
demographic information, diagnostic test result, treatment 
regimen, and test of cure (TOC) results were collected. For 
comparing the collected patients’ characteristics, we used 
ANOVA for age, Chi-square for sex and ethnicity, and 
Fisher’s exact for TOC. Finally, we calculated eradication 
rates for commonly used regimens and analyzed results with 
adjustment for multiple variables (age, gender, ethnicity, and 
whether or not TOC was performed at least 4 weeks after 
finishing therapy) using logistic regression models. The data 
were analyzed in  JMP® (SAS institute) software, and the 
study was approved by the local institutional review board.

Results

A total of 1710 patients were identified, of which 1094 
were female (64%) and 616 were male (36%). A total of 
825 patients (46%) were diagnosed by UBT, 755 (42%) by 
endoscopic biopsy, and 191 (12%) by stool antigen test-
ing. Complete data required to calculate eradication rates 
were obtained for 1101 patients where treatment regi-
men, duration of therapy, and TOC were all documented 
(Fig. 1). Seven different treatment regimens were utilized. 
Sixty-four percentage of cases employed quadruple ther-
apy (tetracycline, metronidazole, proton pump inhibitor, 
and a bismuth salt), 25% used triple therapy (proton pump 
inhibitor, clarithromycin, amoxicillin), 5% used quadru-
ple therapy with doxycycline in place of tetracycline, and 
in 6% of cases, miscellaneous regimens were prescribed 
(e.g., levofloxacin-based triple, metronidazole-based triple, 

Fig. 1  Flow chart of study 
design
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or levofloxacin sequential therapy). Patient demographics 
are shown in Table 1. Among the TOC, the most common 
method utilized was the breath test (60%), followed by stool 
antigen testing (36%), with only 4% of patients undergo-
ing repeat endoscopy (Table 2). Overall, 85.6% of patients 
had their TOC performed at least four weeks after finish-
ing eradication therapy. This proportion of patients was not 
significantly different across the different treatment groups 
(Table 3). For the remaining patients, we were not able to 
determine whether TOC was performed at least four weeks 
post-eradication therapy.   

Eradication rates for each regimen are shown in Fig. 2, 
and with statistical comparisons given in Table 4, demon-
strating the overall superiority of bismuth quadruple therapy 

compared to triple therapy (82% vs. 73%, P = 0.002). We 
compared the eradication efficacy of various treatment 
regimens including quadruple 14 days versus triple 14 days 
(eradication 87% vs. 79%, P = 0.006) and quadruple 10 days 
versus triple 10 days (77% vs. 67%, P = 0.33). Increased 
duration of therapy yielded statistically significantly higher 
eradication rates for quadruple therapy (quadruple 14 vs. 
10 days, 87% vs. 77%, P = 0.005), though this was not sta-
tistically significant when comparing triple 14 days versus 
10 days (79% vs. 67%, P = 0.33). No significant trends in 
eradication were noted across the three-year time frame for 
each regimen and no difference for age, gender, and ethnic-
ity between eradicated versus non-eradicated group. Finally, 
substituting doxycycline for tetracycline resulted in lower 
eradication rates (82% vs. 70%, P = 0.006) for a 14-day 
regimen. In comparison with doxycycline 10-day therapy 
although the tetracycline group had higher eradication rates, 
this was not statistically significant (77% vs. 67%, P = 0.07). 

Discussion

In the Rhode Island local population, quadruple therapy was 
clearly superior to triple therapy. A longer 14-day regimen of 
quadruple therapy yielded statistically significant increases 
in eradication rates when compared with a 10-day regimen. 
Doxycycline is sometimes prescribed instead of tetracycline 
due to its lower cost and wider availability (this was likely 
due to a temporary tetracycline shortage in the USA that 
lasted for several years prior to 2013, followed by higher 
pricing). Our results show that doxycycline is inferior to tet-
racycline when used as a part of quadruple therapy, and thus, 
we do not recommend this substitution if it can be avoided. 
This conclusion regarding doxycycline’s lack of efficacy 
compared with tetracycline is consistent with a recent study 
by Liou et al. [9] in Taiwan in which doxycycline sequen-
tial therapy achieved an eradication rate of only 58%. Our 
findings strongly support current ACG and international H. 

Table 1  Patient demographics

Quad 14 days
(N = 585)

Quad 10 days
(N = 135)

Triple 14 days
(N = 161)

Triple 10 days
(N = 101)

Doxy 14 days
(N = 48)

Doxy 10 days
(N = 16)

Age n (st dev) 47 (15) 43 (15) 48 (16) 47 (16) 47 (15) 49 (15)
Female n (%) 413 (66) 94 (67) 97 (57) 56 (55) 50 (78) 16 (70)
Successful eradication n (%) 509 (87) 110 (77) 135 (79) 68 (67) 34 (70) 10 (67)
Ethnicity n (%)
 White 118 (21) 38 (29) 21 (13) 15 (15) 10 (21) 4 (25)
 Black 89 (15) 29 (21) 20 (12) 14 (14) 2 (4) 2 (13)
 Asian/Native American 15 (2) 3 (2) 3 (2) 2 (2) 1 (2) 0 (0)
 Hispanic 206 (35) 55 (41) 64 (40) 38 (38) 20 (42) 6 (37)
 Unknown 157 (27) 10 (7) 53 (33) 31 (31) 15 (31) 4 (25)

Table 2  Types of test of cures utilized

Test Total n (%) Negative 
(eradicated) 
n (%)

Breath test 663 (60%) 531 (80%)
Stool antigen 392 (36%) 322 (81%)
Endoscopic biopsy 46 (4%) 34 (74%)
Total 1101 887 (80%)

Table 3  Number of patients with tests of cure performed at least 
4 weeks after finishing eradication therapy

Treatment group (n) TOC 4 weeks after 
antibiotics n (%)

Quad 14 (585) 503 (86%)
Quad 10 (135) 112 (83%)
Triple 14 (161) 130 (81%)
Triple 10 (101) 89 (88%)
Doxy 14 (48) 40 (83%)
Doxy 10 (16) 12 (75%)
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pylori eradication guidelines advising 14-day quadruple 
therapy as a first-line empiric regimen when local resist-
ance profiles are not known [4–6].

Our study reflects usual clinical practice and is based on 
a large number of patients compared with previous stud-
ies performed over the last decade in the USA [4]. Other 
recently reported series have far fewer cases. For example, 
in a single-center retrospective chart review from El Paso, 
Texas, of 104 patients, slightly higher eradication rates were 
demonstrated with a 14-day triple therapy versus 10-day 
quadruple therapy (89% vs. 75%); however, the results 
were not found to be statistically significant [10]. Another 
single-center retrospective chart review from San Diego, 
California, of 131 patients reported higher eradication rates 
with quadruple therapy versus triple therapy (88% vs. 77%), 
results which again were not found to be statistically sig-
nificant [11]. A very high 97% (per protocol) eradication 
rate with a 14-day combination of bismuth, metronidazole, 
tetracycline and omeprazole was reported by Salazar et al. 
[12] who studied 47 Hispanic patients in El Paso, Texas. 
Regarding clarithromycin-based triple therapy, a retrospec-
tive series of 156 patients from New Jersey [13], and of 662 
patients at the University of Michigan (described briefly in 
reference 4) reported eradication rates of 84% from 2011 
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Fig. 2  Eradication rates of specific H. pylori regimens, with statistical comparisons in upper right corner. 14 14 days. 10 10 days

Table 4  Comparison of eradication rates

Eradication rates compared after adjusting for different variables: age, 
gender, ethnicity, and, if TOC was performed at least 4 weeks after 
finishing therapy. Odds ratios (OR) refer to the odds  of eradication 
failure compared to the reference group
Quad 14  days is superior to all other groups. Triple 14  days had a 
higher eradication rate than Triple 10; however, the difference was 
not statistically significant. Doxy 14 again had a higher eradication 
rate than Quad 10, but this was not statistically significant
*Significantly different to the reference group

OR 95% CI P value

Quad 14 days Reference
Quad 10 days 2.13 1.33–3.39 0.0016*
Triple 14 days 1.87 1.2–2.91 0.0052*
Triple 10 days 2.85 1.76–4.63 < 0.0001*
Doxy 14 days 2.56 1.3–5.04 0.0063*
Doxy 10 days 3.94 1.38–11.2 0.0102*
Triple 14 days Reference
Triple 10 days 1.52 0.88–2.63 0.1328
Doxy 14 days 1.36 0.66–2.82 0.3975
Doxy 14 days Reference
Doxy 10 days 1.54 0.46–5.08 0.4801
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to 2017 and of 79.5% from 2001 to 2015, respectively. In 
contrast to these smaller series, our study is the largest from 
the USA for at least 20 years. It is likely the larger sample 
size, short duration of study of 3 years and multiple treat-
ment regimens which generated the power to yield multiple 
statistically significant results.

The limitations of our study are similar to those of several 
previous recent reports of H. pylori eradication from the 
USA. These include its retrospective nature and the fact it 
was from the two major Rhode Island academic hospitals; 
thus, results may not necessarily represent local community 
practices or extrapolate to other areas of the country, espe-
cially if resistance rates vary geographically [14]. Continu-
ing usage of a PPI can cause false-negative TOC results, and 
thus, a TOC should be performed at least 2 weeks after stop-
ping these medications. Unfortunately, due to the fact that 
the patients had almost always been discharged when they 
underwent TOC and without accurate records of their outpa-
tient prescriptions, we were not able to establish whether or 
not they had stopped their PPI appropriately 2 weeks before 
the TOC was performed. False-negative results would inflate 
apparent eradication rates but should theoretically be evenly 
distributed among the various treatment regimens and are 
therefore unlikely to preferentially influence comparisons of 
eradication rates across regimens. Similarly, since this was a 
retrospective study of clinical practice, there was no uniform 
method used to diagnose H. pylori infection, nor to confirm 
eradication. However, given the large number of patients 
in each group this would be unlikely to alter our study’s 
major findings. An additional issue is that the medical 
records in almost all cases failed to mention whether or not 
there had been any prior H. pylori treatment attempts. This 
limits our ability to categorize patients into subsets such as 
initial empiric therapy or subsequent treatment-refractory 
patients. The relatively small number of patients treated with 
doxycycline-based bismuth quadruple therapy could also be 
seen as a limitation of our study. However, due to the pau-
city of prior publications on doxycycline, we believe it is 
important to highlight our findings that while doxycycline 
remains much more affordable than tetracycline, it is much 
less effective. Only 79% of patients had a documented TOC, 
likely reflecting changes in US clinical practice as routine 
post-treatment testing for cure has only recently been rec-
ommended [4]. However, the demographic and treatment 
characteristics in this excluded subset of patients who did 
not have a test of cure were no different from those of the 
entire study cohort.

Additional potential limitations of our study include the 
lack data on medication adherence and on H. pylori anti-
biotic resistance in our patients. Resistance data would be 
very helpful complementary information given emerging 
widespread resistance globally to clarithromycin, metronida-
zole, and levofloxacin [14]. Unfortunately, unlike many other 

countries, there is a paucity of data on antibiotic resistance 
from USA H pylori strains. A consortium of 11 centers col-
lected 347 stains from 1998 to 2002, reporting clarithromy-
cin resistance in 13% and metronidazole resistance in 25% 
of them [15]. More recently, Shiota et al. reported rates of 
16% for clarithromycin, 25% for metronidazole, and 31% for 
levofloxacin in 110 strains at the Houston, Texas Veterans 
Affairs Hospital, and Park et al. found clarithromycin resist-
ance had exceeded 30% in 124 strains collected from four 
US geographic centers [16, 17]. In these studies, resistance 
to tetracycline and amoxicillin remains low, which is consist-
ent with the literature from throughout the world.

Resistance testing is not routinely performed clini-
cally in the USA; data on fewer than 1000 strains have 
been published this century and resistance testing was not 
available for the cases in our study either [15–17]. Further 
prospective research from various geographical locations 
throughout the USA is needed to better understand local 
and nationwide eradication rates. Correlation of eradica-
tion rates with local resistance patterns is an important 
next step, which would permit investigation of how resist-
ance profiling, both individually and on a population level, 
could impact H. pylori treatment regimens and their effi-
cacy. Nevertheless, the results of our retrospective large 
series of patients treated for H. pylori infection do strongly 
support recent guidelines recommending 14-day quadruple 
therapy as the best empiric choice for most patients.
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