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Abstract. Helicobacter pylori antibiotic susceptibility in the Dominican Republic has not been monitored. We
assessed H. pylori antibiotic susceptibility in the Dominican Republic, and analyzed H. pylori mutations associated
with antibiotic resistance. We recruited 158 dyspeptic patients in Santo Domingo and used agar dilution to test sus-
ceptibility to five antibiotics. Polymerase chain reaction–based sequencing was used to assess gyrA, gyrB, rdxA,
frxA, and 23S rRNA mutations; next-generation sequencing was used to identify other metronidazole resistance–
associated genes. Among 64 H. pylori strains isolated, we identified two (3.1%), one (1.6%), and no strains with
clarithromycin, amoxicillin, and tetracycline resistance, respectively. Moreover, high frequency of metronidazole
resistance (53/64, 82.8%) was observed, whereas levofloxacin resistance is emerging (23/64, 35.9%). We identified
many rdxA and frxA mutations in metronidazole-resistant strains, but no synergistic effect was apparent. We
revealed novel mutations in dppA, dppB, fdxA, and fdxB, irrespective of rdxA and frxA mutations. Novel mutations at
Ser-14 of trx1 and Arg-221 of dapF were associated with different levels of metronidazole resistance. Most levofloxacin-
resistant strains had a substitution at Asn-87 of gyrA, including the strain with the highest levofloxacin resistance,
whereas only three substitutions were found at Ser-479 of gyrB with no synergistic effect. Besides the 23S rRNA
A2142G mutation, we observed another mutation at T1958G in both clarithromycin-resistant strains. We confirmed
high metronidazole and levofloxacin resistance associated with genetic mutations in the Dominican Republic.
However, prevalence of clarithromycin resistance was low, suggesting that standard clarithromycin-based triple ther-
apy remains useful as initial treatment of H. pylori infection.

INTRODUCTION

The emergence of drug resistance to antibiotics used to
treat Helicobacter pylori, the Gram-negative bacterium
responsible for severe gastroduodenal diseases, is a seri-
ous problem. According to current guidelines, triple therapy
composed of a proton pump inhibitor and two antibiotics,
amoxicillin (AMX) and clarithromycin (CAM) or metronida-
zole (MNZ), remains the standard first-line regimen for treat-
ment of H. pylori infection,1,2 although caution is advised
with its use.2 In recent years, efficacy of this regimen has
been seriously challenged, and a cure rate below 70% has
been reported in many countries.3 Therefore, optimizing the
first-line regimen based on local antibiotic resistance pat-
terns is critical to prevent repeated courses of treatment
and the spread of secondary antibiotic resistance.4

Helicobacter pylori genes with mutations implicated in
drug resistance have been identified and can be detected
by molecular methods. An understanding of H. pylori antibi-
otic resistance mechanisms is important in considerations
of more rational antibiotic combinations. CAM resistance
has been shown to be associated with any one of five rec-
ognized point mutations in H. pylori 23S rRNA. These muta-
tions comprise an A to G substitution at nucleotide
positions 2142 or 2143, A to C at 2142, A to T at 2144, T to
C at 2717, and C to A at 2694.5,6 The mechanisms of MNZ

resistance are complex but largely associated with inactiva-
tion of rdxA (hp0954 in the H. pylori 26695 genome) and
frxA (hp0642), which, together, have a synergistic effect that
results in a high level of resistance.7,8 Other identified muta-
tions, including rpsU (hp0562),9 dppA (hp0298), dppB
(hp0299), rps4 (hp1294), ackA (hp0903), rnc (hp0662), dapF
(hp0566),10 recA (hp0153),11 fdxA (hp0277),12 fdxB
(hp0284),13 and trx1 (hp0824),14,15 have also been associ-
ated with MNZ resistance. On the other hand, mutations in
gyrase subunit A (gyrA) (hp0641), and gyrB (hp0501), have
been associated with fluoroquinolone resistance.16

The prevalence of antibiotic resistance in Latin America
varies by geographic region. The lowest resistance to CAM
was reported to be 2% in Paraguay, and the highest was
reported to be 50% in Peru.17 A various prevalence of anti-
biotic resistance has also been reported in Latin American
countries, 13–95%, 0–39%, and 0–86% resistance, respec-
tively, to MNZ, AMX, and tetracycline (TCN).17 The Dominican
Republic is a nation that occupies the eastern part of the
second largest island, Hispaniola, in the Caribbean Sea,
with a total population of 10.41 million in 2014. The age-
standardized rate of gastric cancer in the Dominican
Republic is reported to be 7.3 per 100,000 per year (http://
globocan.iarc.fr/). Although a recent study regarding the
prevalence of H. pylori infection was reported (58.9%),18

H. pylori antibiotic susceptibility in the Dominican Republic
strains has not be monitored. According to the European
Maastricht Consensus,2,19 CAM-containing triple thera-
pies administered without prior susceptibility testing should
be abandoned in a region when the local CAM resistance
frequency is greater than 15–20%. In populations with < 40%
MNZ resistance, MNZ-based triple therapy is preferable.19,20
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Therefore, it is critical to examine current drug resistance
frequencies to select the appropriate first-line regimen for
H. pylori treatment in the Dominican Republic. In this study,
we aimed to determine the antibiotic susceptibility of
H. pylori and to identify mutations associated with antibiotic
resistance in this pathogen in the Dominican Republic.

MATERIALS AND METHODS

Patients and H. pylori. This study included 158 consecu-
tive patients (55 males and 103 females; age range, 17–91 years;
mean age, 47.1 ± 16.2 years) who underwent endoscopy
examination at the Digestive Disease Center, Dr. Luis E. Aybar
Health and Hygiene City, Santo Domingo, Dominican Republic.
Peptic ulcer diseases, including gastric and duodenal ulcers,
were diagnosed by endoscopic observation, whereas chronic
gastritis and gastric cancer were determined by histologic
examination. Written informed consent was obtained from
all participants, and the study protocol was approved by
the ethics committees of Dr. Luis E. Aybar Health and
Hygiene City; Institute of Microbiology and Parasitology,
Autonomous University of Santo Domingo, Santo Domingo,
Dominican Republic; and the Oita University Faculty of
Medicine, Japan.
For H. pylori culture, antral biopsy specimens were homoge-

nized and inoculated onto antibiotic selection plates, and then
subcultured on Mueller Hinton II Agar medium (Becton Dickinson,
Sparks, MD) supplemented with 7% horse blood without
antibiotics. The plates were incubated up to 10 days at 37°C
under microaerophilic conditions (10% O2, 5% CO2, and
85% N2). Helicobacter pylori isolates were identified based on
colony morphology; Gram staining results; and oxidase, cata-
lase, and urease reactions. Isolated strains were stored at
−80°C in Brucella broth (Becton Dickinson, Sparks, MD)
containing 10% dimethyl sulfoxide and 10% horse serum.
Antibiotic susceptibility testing. The serial 2-fold agar

dilution method was used to determine the minimum inhibi-
tory concentrations (MICs) of AMX (Sigma Chemical Co.,
St. Louis, MO), CAM (Abbott Laboratories, Abbott Park, IL),
MNZ (Sigma), TCN (Sigma), and levofloxacin (LVX) (Sigma).
Briefly, bacteria were subcultured on Mueller Hinton II Agar
medium (Becton Dickinson) supplemented with 10% defi-
brinated horse blood. The bacterial suspension, adjusted to
a McFarland opacity standard of 3.0, was inoculated onto
the plates. After 72 hours of incubation, the MIC of each
antibiotic was determined. Helicobacter pylori ATCC 43504
was used for quality control testing. The resistance break-
points were determined as described by the European
Committee on Antimicrobial Susceptibility Testing (http://
www.eucast.org/). Strains were considered resistant with

MICs > 0.125 mg/L for AMX, > 0.25 mg/L for CAM, > 8 mg/L
MNZ, and > 1 mg/L for TCN and LVX.
Molecular analysis of resistant strains. DNA was extracted

from cultured H. pylori using a commercially available kit
(Qiagen, Hilden, Germany) for amplification of rdxA and
frxA from MNZ-resistant strains, gyrA and gyrB from LVX-
resistant strains, and 23S rRNA peptidyl transferase from
CAM-resistant strains using the primers as described pre-
viously.21–23 As a control, we sequenced five randomly
selected strains that were sensitive to MNZ and LVX and
one sensitive to CAM from the Dominican Republic iso-
lates. The sequences were then compared with the pub-
lished sequence of H. pylori 26695 (GenBank accession
number AE000511.1 GI: 6626253) using MAFFT version 7
(http://mafft.cbrc.jp/alignment/server/) and confirmed by
visual inspection.
To find genetic mutations other than the typical rdxA and

frxA mutations, we also obtained full-length rdxA, frxA,
rpsU, dppA, dppB, rps4, ackA, rnc, dapF, recA, fdxA, fdxB,
and trx1 sequences by next-generation sequencing (NGS)
(MiSeq next-generation sequencer; Illumina, Inc., San Diego,
CA). MiSeq output was integrated into contig sequences
using CLC Genomics Workbench 7.0.4. (CLC Bio-Qiagen,
Aarhus, Denmark) Genomics Workbench was also used for
gene predictions and translation to protein sequences.
Statistical analysis. Discrete variables were tested using

the χ2 test, whereas continuous variables were tested using
Mann–Whitney U and t tests. P values < 0.05 were consid-
ered statistically significant. SPSS statistical software pack-
age version 18.0 (SPSS, Inc., Chicago, IL) was used for all
statistical analyses.
Ethical standards. We declare that all procedures

performed for this work comply with the ethical standards
of the relevant national and institutional committees on
human experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

RESULTS

Prevalence of antibiotic resistance. A total of 64
H. pylori strains were isolated from 19 male (age range, 21
to 69 years; mean age, 43.9 ± 12.4 years) and 45 female
patients (age range, 17 to 82 years; mean age 43.8 ±
14.9 years). Of these patients, 47 had chronic gastritis, 16
had peptic ulcer diseases, and one had gastric cancer. The
prevalence of CAM resistance was only 3.1% (2/64), in con-
trast to the higher prevalence reported in many other
regions.24 A low prevalence of AMX resistance (1/64, 1.6%)
was observed, and no TCN resistance was detected
(Table 1). However, similar to data reported from Africa,

TABLE 1
Antibiotic susceptibility of 64 Helicobacter pylori strains isolated from the Dominican Republic

Antibiotic

Number (%) of resistant isolates from patients

All patients (N = 64) Gastritis (N = 47) PUD (N = 16) GC (N = 1) Male (N = 19) Female (N = 45)

AMX 1 (1.6) 0 (0.0) 1 (6.3) 0 (0.0) 0 (0.0) 1 (2.2)
CAM 2 (3.1) 2 (4.3) 0 (0.0) 0 (0.0) 0 (0.0) 2 (4.4)
MNZ 53 (82.8) 40 (85.1) 12 (75.0) 1 (100.0) 16 (84.2) 37 (82.2)
TCN 0 (0.0) 0 (0.0) 0 (0) 0 (0.0) 0 (0.0) 0 (0.0)
LVX 23 (35.9) 19 (40.4) 4 (25.0) 0 (0.0) 4 (21.1) 19 (42.2)

AMX = amoxicillin; CAM = clarithromycin; GC = gastric cancer; LVX = levofloxacin; MNZ = metronidazole; PUD = peptic ulcer disease; TCN = tetracycline.
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Asia, and Europe,24 the frequency of MNZ resistance was
high (53/64, 82.8%). This frequency was also much higher
than the neighboring countries of Costa Rica (42.0%) and
Venezuela (59.0%).17 Moreover, the prevalence of LVX
resistance was also high (23/64, 35.9%). The distribution of
patients’ ages and antimicrobial resistance of isolates is
shown in Table 2. Antibiotic resistance did not differ by age
(P = 0.46, 0.51, 0.07, and 0.20 for AMX, CAM, MNZ, and
LVX, respectively), sex (P = 0.51, 0.35, 0.85, and 0.11 for
AMX, CAM, MNZ, and LVX, respectively), or disease group
(P = 0.22, 0.69, 0.59, and 0.41 for AMX, CAM, MNZ, and
LVX, respectively).
Overall, no strain was resistant to all antibiotics tested,

and only two strains were resistant to three antibiotics
(AMX, MNZ, and LVX or CAM, MNZ, and LVX) (Table 3). Of
the study strains, 31.3% (20/64) showed dual-drug resis-
tance to MNZ and LVX. No differences were observed in
clinical outcomes between single-drug- and multidrug-
resistant H. pylori infections (P = 0.13). There was no asso-
ciation between antibiotic resistance and clinical outcomes
(P > 0.05). The MIC values for each antibiotic are shown
in Figure 1. Helicobacter pylori showed a high level of resis-
tance (with MIC values of 128 mg/L or greater) to MNZ in
23.2% (6/64) of isolates and to LVX (with MIC values of
32 mg/L or greater) in 7.8% (5/64) of isolates.
Detection of H. pylori gene mutations associated with

antimicrobial resistance. The five MNZ-resistant strains
did not show specific bands for rdxA by polymerase chain
reaction, and for four strains, insufficient sequence data
resulted. Therefore, a total of 44 MNZ-resistant and five
sensitive (control) strains were analyzed in this study. A
DNA sequence analysis of rdxA from MNZ-sensitive strains
revealed intact reading frames (lacking nonsense muta-
tions). A pairwise sequence alignment indicated that the
MNZ-sensitive strains shared 94.6–97.1% identity with the
reference strain, H. pylori 26695. On ignoring mutations that
were present in both sensitive and resistant strains, all
resistant strains but one contained mutations in rdxA. How-
ever, the one strain (DM4) that did not have an rdxA muta-
tion had an frxA mutation (Table 4). Among resistant
strains, 68.2% (30/44), 38.6% (17/44), and 31.8% (14/44)
harbored missense mutations, premature stop codons, and
translational frameshifts, respectively. Several rdxA alter-
ations were categorized as class 1 mutations, which
are expected to reduce affinity of the apoprotein for the fla-
vin mononucleotide factor25; for example, an amino acid
substitution at R16 was found in nine strains, at R200 in
seven strains, and at S18 in DM118. Class II mutations,

which are expected to destabilize dimer formation, were
found at S43 in strains DM10 and DM118; Q50 in strains
DM50 and DM143; and G145 in strains DM51 and DM87.
Class III mutations were detected at C19 in strain DM103.
No class IV mutations were found. Although a previous
study21 revealed the importance of amino acid substitutions
A80H, A118T, A118S, Q197K, and V204I in resistance, we
found these substitutions in both sensitive and resistant
strains. In contrast, we confirmed the importance of a thre-
onine replacement at position 51.26 Other substitutions at
E35, V85, G122, K190, and K198 might also be important
in strains from the Dominican Republic.
We analyzed frxA in 40 resistant strains, because poor

sequencing results were obtained for four strains (Table 4).
Similar to mutational patterns in rdxA, frxA in MNZ-resistant
strains also contained missense mutations and translational
frameshifts (36/40, 90.0% and 5/40, 12.5%, respectively).
In contrast with results of a previous study,27 Q27E (57.5%,
23/40), N111H (57.5%, 23/40), N129T (55.0%, 22/40),
S130D (57.5%, 23/40), E176K (45.0%, 18/40), and N182D
(32.5%, 13/40) were predominant among the frxA muta-
tions. Overall, although these two genes showed similarities
in their patterns of mutation, no synergistic effect on MIC
values was observed; for example, one MNZ-resistant strain
with an MIC of 32 mg/L but showed no mutation in frxA, and
this could not explain the different levels of MNZ resistance.
Therefore, we randomly selected two sensitive strains, with
MIC values of 32, 64, and 128 mg/L each and performed
NGS (Table 5). Using the H. pylori strain 26695 and the MNZ-
sensitive control strain, irrespective of their rdxA and frxA
mutations, we revealed novel mutations associated with MNZ
resistance in the full-length sequences of dppA (E473G), dppB
(I322V), fdxA (N32S and S79I), and fdxB (V64I, M65L, and
P245A). We did not obtain full-length rdxA, frxA, or ackA
sequences from the NGS data. Moreover, we proposed that
novel amino acid substitutions at Ser-14 of trx1 and Arg-221 of
dapF were associated with different levels of MNZ resistance.
Among the 23 LVX-resistant strains, 18 had amino acid

substitutions associated with gyrA mutations (Table 6). Eleven
of LVX-resistant strains (47.8%) showed an amino acid sub-
stitution at Asp-91, and 13 strains showed an amino acid
substitution at Asn-87 (56.5%), including four strains with
the highest LVX MIC values (32 mg/L). In addition, three
strains exhibited amino acid substitutions associated with
mutations in gyrB, including a substitution of interest at
Ser-479. Although two strains with high levels of resis-
tance showed mutations in both genes, one strain (DM62)
that contained two substitutions of interest (Asp-91 [gyrA]
and Ser-479 [gyrB]) had an LVX MIC value of 2 mg/L,
suggesting there was no correlation between the degree

TABLE 2
Distribution of antibiotic resistance in patients of the Dominican

Republic by age

Antibiotic

Number (%) per age group (years)

17–29 30–39 40–49 50–59 60–91 Total

Total 10 14 20 11 9 64
AMX 0 (0.0) 1 (7.1) 0 (0.0) 0 (0.0) 0 (0.0) 1
CAM 0 (0.0) 1 (7.1) 0 (0.0) 1 (9.1) 0 (0.0) 2
MNZ 8 (80.0) 14 (100.0) 17 (85.0) 7 (63.6) 7 (77.8) 53
TCN 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0
LVX 2 (20.0) 5 (35.7) 4 (20.0) 6 (54.5) 6 (66.7) 24

AMX = amoxicillin; CAM = clarithromycin; LVX = levofloxacin; MNZ = metronidazole;
TCN = tetracycline.

TABLE 3
Multidrug resistance patterns of Helicobacter pylori in the
Dominican Republic
Resistance patterns N

Dual drugs
CAM + MNZ 1 (1.6)
MNZ + LVX 20 (31.3)
Triple drugs
AMX + MNZ + LVX 1 (1.6)
CAM + MNZ + LVX 1 (1.6)

AMX = amoxicillin; CAM = clarithromycin; LVX = levofloxacin; MNZ = metronidazole.
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of LVX resistance and the number of mutations in these
two genes. Interestingly, there were no mutations in either
gyrA or gyrB in three strains, including in the strain with
the highest LVX MIC.
Based on 23S rRNA sequencing of the two CAM-resistant

strains, one strain had a point mutation resulting in the
A2142G substitution. In addition, a T to G substitution at site
1958 was observed in both strains (Table 7). In contrast, there
were no nucleotide mutations in the CAM-sensitive strains.
Nucleotide sequencing. Nucleotide sequence data from

this study are available under DDBJ accession numbers
LC176131–LC176133 (23S rRNA), LC176134–LC176161
(gyrA), LC176162–LC176189 (gyrB), LC176190–LC176238
(rdxA), LC200542-LC200585 (frxA), LC199398-LC199405
(rpsU), LC199406-199413 (rpsD), LC199414-LC199421
(dppA), LC199422-LC199429 (dppB), LC199430-LC199437
(rnc), LC199438-LC199445 (dapF), LC199446-LC199453
(recA), LC199454-LC199461 (fdxA), LC199462-LC199469
(fdxB), LC199470-LC199477 (trxA).

DISCUSSION

In this study, we revealed the low prevalence of CAM and
AMX resistance. In addition, there were no TCN-resistant

strains, suggesting that the standard CAM-based triple
therapy may still be useful as an initial treatment of H. pylori
infection in the Dominican Republic. Our results agree with
those of a meta-analysis, which reported that the overall
prevalence (13%) of CAM resistance in Latin America was
below the prevalence reported in some European and Asian
countries.17 The authors suggested that empirical use of
CAM might not be appropriate in Peru and perhaps in
Colombia.17 These differences of resistance frequency may
be associated with local utilization of antibiotics.28,29 In fact,
the 10-year sales trends for macrolides showed large increases
in Peru, Brazil, and Argentina.30 In general, macrolides are
frequently used for a number of infectious diseases in the
Dominican Republic (M. Cruz and J. A. Jiménez Abreu, per-
sonal communication). However, there is no reliable report
regarding CAM utilization in the Dominican Republic.
Interestingly, although A2142G substitution associated

with rdxA is responsible for 90% of primary CAM-resistant
H. pylori cases in western countries,31 we observed a T to
G substitution at site 1958 in all CAM-resistant strains
obtained (N = 2). We need more evidence to conclude that
this mutation was directly responsible for or synergistically
associated with other CAM-resistance mutations. Point
mutations resulting in substitutions other than A2142G

FIGURE 1. Antibiotic minimum inhibitory concentration values. The frequencies of resistance to metronidazole and levofloxacin were high; in
contrast, the frequencies of resistance to clarithromycin, amoxicillin, and tetracycline were very low.

1053H. PYLORI ANTIBIOTIC SUSCEPTIBILITY IN DOMINICAN REPUBLIC



detected in this study have been described previously. The
substitutions T2183C and A2223G have been more fre-
quently associated with CAM resistance in Asian countries
than in Europe and North America.32 The A2143G substitu-
tion has much stronger impact on CAM resistance com-
pared with A2142G or A2142C.33

In agreement with reports from most Latin American
countries,17 the frequency of resistance to AMX in isolates
from the Dominican Republic is low, despite AMX being
one of the most commonly used antibiotics around the
world. Previous reports have indicated that a low detected
frequency of resistance was associated with the phenotypic

loss of pbp1A after storage or freezing of isolates.34,35

However, Hu and others showed that resistance to AMX was
stable before and after the storage at −80°C for 3 months
or even years.36 Indeed, H. pylori resistance to AMX does
not necessarily decrease treatment efficacy.37 These could
compromise the utilization of AMX in most regimens,
where it is commonly used owing to its adequacy and low
cost. AMX-based triple or quadruple therapies that include
TCN may be a useful alternative first-line regimen in the
Dominican Republic.
The extremely high frequency of resistance to MNZ found

in the Dominican Republic in this study could be attributable

TABLE 4
Mutations in rdxA and frxA that were associated with metronidazole resistance

No. Strains MIC (mg/L) Profile rdxA mutations frxA mutations

1 DM5 2 Sensitive None None
2 DM20 1 Sensitive None None
3 DM63 4 Sensitive P44T, K168E, W209C V34A
4 DM92 2 Sensitive E194Q Poor sequence quality
5 DM95 1 Sensitive H25R None
6 DM4 64 Resistant None Q27E, N111H, N129T, S130D
7 DM7 64 Resistant A68T, V85A, 150 frameshift Poor sequence quality
8 DM8 128 Resistant R16C, S108A, D205A A70V
9 DM10 64 Resistant S43W Q27E, A70G, A85V, N111H, N129T,

S130D, E176K, N182D
10 DM14 64 Resistant R10K, P44L, K168R, K198I, R200* Q27E, M126I, N129T, S130D, A153V, E176K, N182D
11 DM32 64 Resistant G170S G45R
12 DM39 64 Resistant K198I, K201E Q27E, N111H, N129T, S130D, E176K
13 DM43 32 Resistant 41frameshift Q27E, N111H, N129T, S130D, N182D
14 DM44 64 Resistant E75* Q27E, N111H, N129T, S130D, E176K
15 DM50 64 Resistant Q50* Q27E, A32E, N111H, N129T, S130D, E176K
16 DM51 32 Resistant G145R, E174G, A70V
17 DM52 64 Resistant 120frameshift Q27E, A70G, N111H, N129H, S130D, E169A, E176K
18 DM57 64 Resistant 3frameshift Q27E, A70G, 86frameshift
19 DM60 64 Resistant R16C, P96L None
20 DM62 64 Resistant A68T, G189S Q27E, P41L, A70G, N111H, N129T, S130D, M146I
21 DM64 64 Resistant 9frameshift Q27E, A32E, N111H, N129T, S130D, E176K, N182D
22 DM73 64 Resistant L188F, K190* None
23 DM75 64 Resistant K190Y, A193* Q27E, A32E, T110A, N111H, N129T, S130D, E176K
24 DM76 128 Resistant 122–149del, D205A Poor sequence quality
25 DM79 64 Resistant S30G, E38* Q27E, N111H, N129T, S130D, E176K
26 DM81 128 Resistant 42frameshift V103I
27 DM84 64 Resistant G122S Q27E, A32E, N111H, N129T, S130D, E176K, N182D
28 DM86 64 Resistant T31H, V57A, L62V, K64N, P106S, G155* NONE
29 DM87 64 Resistant V85G, G145E, V151A, V192Q, A193G,

E194R, Q197E, R200*
Q27E, N111H, N129T, S130D, E176K

30 DM88 32 Resistant R16H, R200M, S202I, 204frameshift None
31 DM89 64 Resistant 65frameshift Q27E, N111H, N129T, S130D, E176K, N182D
32 DM96 64 Resistant E35* Q27E, N111H, M126I, N129T, S130D, E176K, N182D
33 DM100 32 Resistant S108A, K190E A153V, E176K
34 DM103 32 Resistant C19* Poor sequence quality
35 DM104 64 Resistant R16H, 207del 22frameshift
36 DM105 16 Resistant P51S, K203Q 18frameshift
37 DM112 64 Resistant 27frameshift Q27E, N111H, N129T, S130D, E176K, N182D
38 DM115 64 Resistant R16H, H97Y, V182A, R200* A85V, N111H
39 DM117 32 Resistant H69P, V85G, V86E, Q139H, L153* Q27E, L72I, N111H, M126I, N129T, S130D,

E169A, E176K, N182D
40 DM118 32 Resistant S18F, S43L, K63Q, G155R, K198T, R200* Q27E, N111H, M126I, N129T, S130D, E176K, N182D
41 DM126 64 Resistant V85G, F117V, G122A, I147L, K198I, 208frameshift Q27E, N111H, N129T, S130D, E169A, N182D
42 DM142 64 Resistant R16H, G122A, P180T, 197frameshift Q27E, N111H, N129T, S130D, N182D
43 DM143 64 Resistant Q50* 18frameshift
44 DM146 64 Resistant T31H, 192frameshift Poor sequence quality
45 DM147 64 Resistant R16Y, H25Y, E35D, L62F, Q146H, R200* 18frameshift
46 DM148 128 Resistant R16C, R166S, 198frameshift A153V
47 DM150 16 Resistant Q197H, 200frameshift R38I
48 DM151 128 Resistant C140Y, Q197* N111H, N129T, S130D, E176K
49 DM152 64 Resistant E35* Q27E, N111H, N129T, S130D, N182D

MIC = minimum inhibitory concentration. None: no specific mutations were identified; A68T means threonine replaced alanine in amino acid position 68; R200* means a stop codon
replaced arginine in amino acid position 200; 150frameshift means there was a frameshift mutation in amino acid position 150. We ignored mutations that were present in both sensitive and
resistant strains.
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to widespread over-the-counter use of this drug. MNZ is
a drug with a modest cost that is used to treat not only
H. pylori infections but also many other diseases; for exam-
ple, intestinal parasites and periodontal and gynecologic dis-
eases that are common in developing countries such as the
Dominican Republic.28,38 Therefore, regimens that include
MNZ should not be chosen as a first-line treatment therapy in
this population. However, in vitro resistance to MNZ may not
accurately reflect in vivo resistance; therefore, MNZ resis-
tance should be confirmed by determining concentrations
of the drug in the blood of treated patients.39 In addition,
because most MNZ-resistant isolates showed MNZ MICs
> 32 mg/L, this might represent an appropriate breakpoint,
although clinical trials are required to confirm MNZ resistance
in the Dominican Republic. Importantly, MNZ resistance is
not more clinically relevant than CAM resistance. Further-
more, resistance to MNZ can be overcome by prolonging
treatment and adding bismuth to the treatment regimen.40

By comparing the Dominican Republic MNZ-sensitive
and MNZ-resistant strains, we recognized a high number of
rdxA mutations in the MNZ-resistant strains. We also con-
firmed some mutations that could be explained by resis-

tance structure (class mutations).25 In contrast with results
of a previous study, we found other mutations (E35, V85,
G122, K190, and K198) that might be important to resis-
tance in the Dominican strains. This agrees with a previous
report, which showed that rdxA mutations were not uni-
form across all geographical regions.41 Additionally, sev-
eral frxA mutations were associated with MNZ resistance.
We observed one strain without a mutation in rdxA, but
that contained an frxA mutation (MNZ MIC of 64 mg/L),
suggesting a role for frxA, irrespective of rdxA, although the
combination of mutations in these two genes was not asso-
ciated with higher-level resistance. Finally, we identified
novel mutations in dppA, dppB, fdxA, and fdxB that were
not associated with mutations in rdxA and frxA. Importantly,
mutations in trx1 and dapF were associated with differ-
ence levels of MNZ resistance, indicated by MIC values.
Unlike dapF, which is associated with lysine and peptido-
glycan biosynthesis,42 trx1 has a role as an electron donor
for alkyl-hydroperoxide reductase, which is associated with
MNZ resistance in vitro.43

LVX has recently been prescribed as a second-line drug
to eradicate H. pylori in patients who experienced failed

TABLE 6
Mutations in gyrA and gyrB that were associated with levofloxacin resistance

No. Strain MIC (mg/L) Profile gyrA mutations gyrB mutations

1 DM8 0.25 Sensitive None None
2 DM32 0.25 Sensitive None None
3 DM57 0.25 Sensitive None None
4 DM86 0.25 Sensitive None None
5 DM95 0.25 Sensitive None None
6 DM9 16 Resistant None None
7 DM10 32 Resistant N87I None
8 DM14 2 Resistant D91G, E193D, I194F, A197F None
9 DM18 16 Resistant N87T, D91N None

10 DM43 2 Resistant N87T, D91N None
11 DM44 16 Resistant N87T, A97V None
12 DM49 32 Resistant N87A D435N, S479G
13 DM50 2 Resistant E58G, G75V, D91G, Q98L None
14 DM51 2 Resistant D91N None
15 DM60 2 Resistant D91Y, A134V, D145N None
16 DM62 2 Resistant D91N S479G
17 DM71 32 Resistant N87I S479G
18 DM73 32 Resistant None None
19 DM75 32 Resistant N87I None
20 DM96 4 Resistant None None
21 DM103 16 Resistant N87I, D91N, I162T None
22 DM115 2 Resistant N87K None
23 DM142 4 Resistant N87T, D91N None
24 DM146 16 Resistant N87T None
25 DM147 2 Resistant D91Y None
26 DM148 2 Resistant None None
27 DM150 16 Resistant N87T, D91N, F149V None
28 DM152 8 Resistant N87I Y514F

MIC = minimum inhibitory concentration. None: no specific mutations were identified; N87I means isoleucine replaced asparagine in amino acid position 87. We ignored mutations that
were present in both sensitive and resistant strains.

TABLE 7
Mutations in the 23S rRNA that were associated with clarithromycin resistance

Strain MIC (mg/L) Profile Mutations

DM44 ≤ 0.03 Sensitive None
DM62 16 Resistant T1958G
DM105 16 Resistant A1957G, T1958G, G1964T, A1968T, A2142G*

MIC = minimum inhibitory concentration.
*A recognized mutation; T1958G means guanine replaced thymine at amino acid position 1958.
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first-line therapies.44,45 However, the frequency of LVX resis-
tance is expanding worldwide, including Latin America.17 A
similar expansion of resistance is observed in urinary tract
Escherichia coli isolates from Latin America.46 This may
lead to cross-resistance with fluoroquinolone of different
generations, including nalidixic acid, ciprofloxacin, and
ofloxacin. Furthermore, the frequency of LVX resistance in
the Dominican Republic is much higher than the average
frequencies of fluoroquinolone resistance reported in Latin
America (15.0%),17 Europe (14.1%),28 and Asia (11.6%).24

According to European, Asia-Pacific, and American guide-
lines, LVX should be used in rescue treatments only after
antibiotic susceptibility testing.1,19,47

We observed substitutions at Asn-87 and Asp-91 that were
associated with LVX resistance as previously reported.41,48,49

In addition, few mutations and the co-occurrence of the
Ser-479 substitution in the gyrB subunit with substitutions
in gyrA suggested that gyrB mutations had minimal influ-
ence on LVX-resistant strains in this study. Three resistant
strains showed no changes in gyrA or gyrB. This suggests
that substitutions at other sites might act synergistically in
LVX resistance in the Dominican Republic strains.
Although only two strains were resistant to three antibi-

otics, 31.3% of the strains showed dual antibiotic resis-
tance: this resistance was exclusive to MNZ and LVX. The
Dominican Republic has a high prevalence of H. pylori
infections,18 and increased resistance to antibiotics used to
treat these infections might result in an increased frequency
of disease recurrence. With high rates of morbidity and
mortality due to H. pylori infection–associated pathologies,
prevention is the ultimate solution. Our results are very
important as a guide for antibiotic use as follow-up to first-
line treatment regimen failures. Mutations associated with
antibiotic resistance (e.g., 23S rRNA point mutations at
A2143G and A2144G) was determined using a fully auto-
mated rapid genetic analyzer within 60–120 minutes,
compared with the 7–10 days required for testing by cul-
ture.50 These results also suggest that alternative strate-
gies such as bismuth or non-bismuth-based four-drug
regimens or sequential therapies may be more effective
in cases of CAM-based triple therapy failure in the
Dominican Republic.
The number of samples analyzed here was relatively low,

which presents a limitation to this study. In addition, we did
not consider the socioeconomic status, ethnicity, or resi-
dence of patients. The Digestive Disease Center is the only
specialized public medical center for digestive diseases in
the Dominican Republic, with half of patients coming from
the countryside and most patients living at a low-middle
socioeconomic level. Further studies are required to deter-
mine the association of sociodemographic data with antibi-
otic resistance patterns in the Dominican Republic.
In conclusion, the frequencies of resistance to MNZ and

LVX were high in the Dominican Republic, and resistance to
these antibiotics was associated with genetic mutations. It
has been suggested that MNZ- and LVX-based triple thera-
pies are not useful as a first-line treatment regimen in the
Dominican Republic. Fortunately, the prevalence of CAM
resistance was found to be low in this study, suggesting
that the CAM-based triple therapy may still be useful as an
initial treatment of H. pylori infection in the Dominican
Republic. Epidemiological surveillance of antibiotic resis-

tance in H. pylori strains will be required to determine opti-
mal treatment strategies for use in the Dominican Republic.
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