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Abstract — Objective: The choice of the Helicobacter pylori (H. pylori) eradication regimen should depend
on the antibiotic resistance of this major gastric pathogen. In Latvia, resistance patterns of H. pylori strains
have not been described in the general population. The aim of the study is to evaluate the primary suscepti-
bility of H. pylori to antibiotics used in recommended eradication regimens for the middle-aged population in
Latvia.

Materials and Methods: H. pylori antibiotic resistance was assessed in asymptomatic individuals aged 40-
64 years, recruited as part of the GISTAR pilot study. H. pylori culture was recovered from initially frozen
biopsies taken during the endoscopic examinations. Antimicrobial susceptibility to metronidazole, clarithro-
mycin, amoxicillin, tetracycline, rifampicin, and levofloxacin was successfully determined in 89 isolates using
the Epsilomer test (E-test, BioMerieux, France), and interpreted according to EUCAST clinical breakpoint
standard.

Results: Among the 89 tested isolates, 49 isolates (55%) were resistant to at least one of the tested antibiotics.
Resistance to metronidazole was detected in 31 cases (34.8%; 95% CI: 25.2-45.7), followed by rifampicin in
nine cases (10.1%; 95% CI: 5.0-18.8%), clarithromycin in five (5.6%; 95% CI: 2.1-13.2) and to levofloxacin in
four cases (4.5%; 95% CI: 1.5-11.8). None of the cultures displayed resistance to tetracycline or amoxicillin.
Eight resistance patterns were detected: 34 participants had resistance to one of the tested antibiotics; six
participants had double resistance, and one participant had resistance to metronidazole, clarithromycin, and
levofloxacin.

Conclusions: H. pylori’s primary resistance to clarithromycin is still low; therefore, the use of standard clar-
ithromycin-based triple therapies may be justified as the first-line therapy for H. pylori eradication in the mid-
dle-aged population in Latvia.
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INTRODUCTION

With the formal recognition of chronic infection with H. pylori as an infectious disease, its
treatment is recommended for H. pylori-positive patients, including asymptomatic patients'. H.
pylori treatment suppresses the infection in many cases, even if eradication fails, which com-
monly happens due to antibiotic resistance. Clearance has been defined as the absence of the
bacteria at the end of treatment, and eradication is the absence of bacteria after a period of
4-6 weeks following treatment2. A screen-and-treat approach for H. pylori infection has been
recommended, especially in areas with high gastric cancer burden'*. The results achieved by
eradication therapy are population-specific and not transferable. Subsequently, it is important
that local H. pylori resistance pattern is determined and taken into consideration when select-
ing an appropriate eradication regimen'.

Globally, H. pylori resistance to antibiotics has reached alarming levels®. Based on a sys-
tematic review and meta-analyses of 178 studies comprising 66,142 isolates from 65 coun-
tries®, primary and secondary resistance rates to clarithromycin, metronidazole, and levoflox-
acin were =15% (i.e., suggested threshold for choosing alternative empiric regimens™2) in all
six regions defined by the World Health Organization (WHO). The exceptions were primary
clarithromycin resistance in the Americas (10%; 95% CI: 4%-16%) and South-East Asia re-
gion (10%; 95% CI: 5%-16%) and primary levofloxacin resistance in the European region
(11%; 95% CI: 9%-13%). Between 2006 and 2016, the resistance rates to these antibiotics
increased in all six WHO regions®. In addition to regional heterogeneity in resistance rates
and patterns, cross-country differences exist. Hence, local surveillance networks are recom-
mended for selecting appropriate eradication regimens and tailoring treatment of H. pylori
infection based on systematic antimicrobial susceptibility testing. Such approach would limit
the increase of global antibiotic resistance by avoiding the use of unnecessary antibiotics'.

Several studies®® have documented geographic differences in H. pylori antibiotic resistance
rates and patterns. For example, based on a 2018 study of 1,211 H. pylori culture-positive pa-
tients from 24 centers in 18 European countries, resistance rates were significantly higher in Cen-
tral/Western and Southern than in Northern regions®. Specifically, primary clarithromycin rates
ranged from 4.8% in Denmark to 36.9% in ltaly; primary levofloxacin resistance rates ranged
from nil in Denmark and the Netherlands to 29.2% in Italy. Overall, 43.0% of H. pyloriisolates dis-
played a fully susceptible phenotype. Resistance to one of the antibiotic classes was observed in
H. pyloriisolates from 37.3% of patients. Dual resistance was observed in 16.6% of patients with
the most common combinations of clarithromycin and metronidazole resistance, levofloxacin
and metronidazole resistance, or clarithromycin and levofloxacin resistance. This study reported
aggregated results for 18 European countries, with the exception of country-specific results for
clarithromycin and levofloxacin resistance. Fourty-four patients from Latvia represented 3.6% of
the study population. The primary clarithromycin resistance of H. pyloriwas 6.8%, and the prima-
ry levofloxacin resistance of H. pylori was 4.5% in patients from Latvia®.

Published peer-reviewed studies on the prevalence of H. pylori resistance in Latvia or other
Baltic states are scant. In 2010, a study in Lithuania reported primary H. pylori resistance rates
were 35.6% and 20.7% for metronidazole, 3.3% and 16.8% for clarithromycin, and 6% and 0% for
ciprofloxacin in adults and children, respectively’. The purpose of this study was to estimate the
primary H. pyloriresistance pattern in Latvian middle-aged participants using more recent data and
provide first-line treatment recommendations for further H. pylori eradication efforts in the country.

MATERIAL AND METHODS
Study Population

This pilot study was performed within the GISTAR Pilot study, which was completed prior to the
main study (H. pylori eradication and pepsinogen testing for prevention of gastric cancer mor-
tality — the GISTAR study). Its study design is detailed elsewhere?®. Briefly, apparently healthy
individuals aged 40-64 years at the time of recruitment were invited to participate in the GIS-
TAR study. To date, it has been carried out in six medium-sized regional towns in Latvia where
study centers were created. Data and biological samples used in this study were obtained from
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individuals who agreed to participate in the study by attending the GISTAR centers located in
the cities of Ludza and Saldus between April 23, 2015, and May 27, 2016. Individuals were
asked to fill out a questionnaire on socioeconomic factors, lifestyle and dietary habits, medi-
cal history, and phenotype data. Individuals who self-reported receipt of H. pylori eradication
therapy in the past or undergoing proton pump inhibitor (PPI) treatment or use of antibacterial
medications, or medications, or bismuth-containing drugs one month before endoscopy were
excluded from the study, as recommended by the Maastricht guidelines?'. Individuals with de-
creased pepsinogen levels (Pgl/Pgll =2 and Pgl=30 ng/mL) were referred for upper endoscopy
with a biopsy work-up according to the updated Sydney systemé.

Only those subjects in whom any of two modified-Giemsa-stained antral biopsies had indi-
cated the presence of H. pylori infection remained for evaluation of the primary susceptibility
to antibiotics.

Biopsy Collection and Storage

In addition to the biopsies obtained routinely for histology, one antral biopsy from the major
curvature was used for the current study for culture. Biopsy samples were immediately trans-
ferred to sterile 2 ml vials, which contained a specialized media [25 g/L bovine serum albumin
(BSA), 74 g/L saccharose, 3.7 mM KH,PO,, 6.9 mM K,HPO,, 3.6 mM sodium glutamate and
water] for improving H. pylori survivability and stored in -80° C until cultured for H. pylori.

Bacterial Culture and Antibiotic Susceptibility Testing

To obtain primary H. pylori cultures, a frozen antrum biopsy sample was thawed, mechanically
homogenized in a homogenizer pestle (Biomasher™, Japan), and 100 ul of the homogenate was
spread onto an H. pylori selective media (BioMerieux, France). The plates were cultivated at
37°C for up to 10 days in microaerobic conditions using gas generators (Genbox Microaer Gas
Packs, BioMerieux, France) and with a visual inspection every two days. H. pylori colonies were
identified via their morphology — small (0.5-2 mm), round, translucent, and non-hemolytic activity.
Definitive identification of H. pylori was made with gram staining (gram-negative, helix-shaped,
curved rod) and biochemical tests — positive oxidase, catalase, and urease reactions. Colonies
from a positively identified culture were collected to create heavy H. pylori suspensions in cryo-
genic storage tubes with 20% glycerol (Viabank, UK) and stored at -80°C. The remaining colo-
nies from the primary cultivation plate were used for antibiotic susceptibility testing.

The Epsilomer test (E-test) strips (BioMerioux, France) were used to determine H. pylori sus-
ceptibility to metronidazole, clarithromycin, amoxicillin, tetracycline, rifampicin, or levofloxacin. A
suspension conforming to McFarland opacity standard was prepared using the remaining colo-
nies from the primary culture in a brain-heart infusion broth (Becton-Dickinson, USA). A freshly
prepared Mueller Hinton agar, supplemented with 10% sheep blood, was inoculated with the pre-
pared bacterial suspension and spread evenly across the agar surface. E-test strips were added,
and plates were incubated at 37°C in a microaerobic atmosphere for 48 hours. Minimum inhibito-
ry concentration (MIC) (ng/ml) against metronidazole, rifampicin, clarithromycin, and levofloxacin
was determined. The results were interpreted according to the Clinical and Laboratory Standards
Institute and the European Committee on Antimicrobial Susceptibility Testing (EUCAST) clinical
breakpoints: >8 ng/ml for metronidazole, >0.25-0.5 ng/ml for clarithromycin, >0.125 ng/ml for
amoxicillin, >1 ng/ml for tetracycline, rifampicin and levofloxacin'!'2,

Ethics

All study participants provided written informed consent prior to study enrolment. The GISTAR
study was approved by the Central Medical Ethics Committee in Latvia (reg. No. 01-29.1/11)
and the ethics committees at the International Agency for Research on Cancer of the World
Health Organization (IARC/WHO) (reg. No. IEC 12-36) and Riga East University Hospital (reg.
No. 14-A/13).
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Statistical Analysis

E-test results were interpreted according to the EUCAST clinical breakpoint standard (https:/
www.eucast.org/, version 6.0), and frequency counts, percentages, and corresponding 95% con-
fidence intervals (Cls) were calculated using WHONET, a free software developed by the WHO
Collaboration Centre for Surveillance of Antimicrobial Resistance for laboratory-based surveil-
lance of infectious diseases and antimicrobial resistance (https://www.who.int/, version 5.6).

RESULTS
Patient Samples

Biopsy samples from 133 participants were analyzed, and antimicrobial susceptibility to metro-
nidazole, clarithromycin, amoxicillin, tetracycline, rifampicin, and levofloxacin was successfully
determined in isolates from 89 participants (50.6% men). The mean age of study participants
was 51 years (6.7 SD), ranging from 40 to 64 years. Sixty-two participants (69.7%) resided in
the city of Saldus and 27 (30.3%) in Ludza.

H. pylori resistance Patterns

Among 89 participants, 49 (55.1%) were resistant to at least one of the 6 antibiotics (Table 1).
The most common resistance was to metronidazole, detected in 31 cases (34.8%; 95% CI:
25.2%-45.7%), followed by 9 isolates (10.1%; 95% CI: 5.0%-18.8%) that were rifampicin-resis-
tant, 5 isolates (5.6%; 95% Cl: 2.1%-13.2%) with resistance to clarithromycin and four isolates
(4.5%; 95% CI:1.5%-11.8%) to levofloxacin. None of the isolates were resistant to tetracycline or
amoxicillin. The rate of metronidazole resistance was 40.0% (18/45) in men and 29.5% (13/44)
in women. More details are provided in Figure 1. In Ludza and Saldus, metronidazole resis-
tance rates were 51.9% and 27.4%, respectively (Figure 2).

The following resistance patterns were observed among isolates: 34 were resistant only
to one of the tested antibiotics, from which 24 isolates (27%) were metronidazole-resistant;
two (2%) were clarithromycin-resistant; two (2%) were levofloxacin-resistant, and six isolates

TABLE 1. H. PYLORI RESISTANCE TO THE ANTIBIOTICS TESTED IN THE STUDY (N=89).

Number of Percentage of
Antibiotic resistant isolates resistant isolates (%) 95% CI
Saldus (N=62) Metronidazole 17 274 17.2-40.4
Rifampicin 8 12.9 6.1-24.4
Clarithromycin 4 6.5 2.1-16.6
Levofloxacin 2 3.2 0.6-12.1
Amoxicillin 0 0.0 0.0-7.3
Tetracycline 0 0.0 0.0-7.3
Ludza (N=27) Metronidazole 14 51.9 32.4-70.9
Rifampicin 1 3.7 0.2-20.9
Clarithromycin 1 3.7 0.2-20.9
Levofloxacin 2 7.4 1.3-25.7
Amoxicillin 0 0.0 0.0-15.5
Tetracycline 0 0.0 0.0-15.5
Total (N=89) Metronidazole 31 34.8 25.2-45.7
Rifampicin 9 10.1 5.0-18.8
Clarithromycin 5 5.6 21-13.2
Levofloxacin 4 4.5 1.5-11.8
Amoxicillin 0 0.0 0.0-5.2
Tetracycline 0 0.0 0.0-5.2
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Figure 1. H. pyloriresistance in study participants by sex. MZ — metronidazole, CL — clarithromycin, AX — amoxi-
cillin, TC — tetracycline, RA — rifampicin, LX- levofloxacin. Error bars represent 95% confidence intervals.
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Figure 2. H. pylori resistance to the antibiotics tested in the study among participants by city of residence and
overall. MZ — metronidazole, CL — clarithromycin, AX — amoxicillin, TC — tetracycline, RA — rifampicin, LX- levo-
floxacin.

(6%) were rifampicin-resistant. Six isolates had double resistance: two (2%) were resistant to
metronidazole and clarithromycin; one (1%) was resistant to metronidazole and levofloxacin,
and three isolates (3%) were resistant to metronidazole and rifampicin. One isolate (1%) had
resistance to metronidazole, clarithromycin and levofloxacin (Table 2).
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TABLE 2. OBSERVED H. PYLORI RESISTANCE PATTERNS.

Resistance profile Number of isolates (N=49) % of isolates
Metronidazole 24 27.0
Metronidazole and rifampicin 3 3.4
Metronidazole and clarithromycin 2 2.2
Metronidazole, clarithromycin and levofloxacin 1 1.1
Metronidazole and levofloxacin 1 1,1

Rifampicin 6 6.7
Clarithromycin 2 2.2
Levofloxacin 2 2.2

MIC Distribution

The MIC distribution for the tested antibiotics in both centers (or cities) is shown in Table 3.
Among the metronidazole-resistant isolates, 27 out of 31 (88%) showed a high-level resistance
(=256 pg/ml). Clarithromycin had a high resistance pattern (= 256 pg/ml) in three out of five cul-
tures. The average MIC value for the remaining two clarithromycin-resistant isolates was 1.125
pg/ml (£0.5 SD). High rifampicin resistance (= 32) was observed in two isolates, and an average
MIC value of 5 yg/ml (+4,7 SD) was estimated in 7 isolates. For levofloxacin-resistant isolates,
the average MIC value was 3.38 pyg/ml (£31.2 SD), with two out of four presenting a high-level
resistance.

DISCUSSION

Using data from the pilot study®, conducted within the GISTAR study®, we have examined H.
pylori antibacterial resistance rates among middle-aged Latvia adults. While attempts were
made to assess H. pylori sensitivity to antibiotics in the country in the past', this study is the
first one to comprehensively document the situation in the general population in Latvia.

TABLE 3. DISTRIBUTION OF MINIMUM INHIBITORY CONCENTRATIONS OF
METRONIDAZOLE, RIFAMPICIN, CLARITHROMYCIN AND LEVOFLOXACIN FOR

H. PYLORI BY PARTICIPANTS’ CITY OF RESIDENCE.

MICt Saldus Ludza Total Min-Max Average
Antibiotic (ng/ml) (n=62) (n=27) (n=89) (ng/ml) (ng/ml)
Metronidazole <8 45 13 58 0.016-6 0.318
>12 3 1 4 12-48 31
=256 14 13 27
Rifampicin <1 54 26 80 0.047-1 0.36
>1 6 1 7 1.5-12 5
=32 2 — 2
Clarithromycin <0.25 58 26 84 0.016-0.047 0.017
>0.25-<0.5 2 — 2 0.75-1.5 1125
=256 2 1 3
Levofloxacin <1 60 25 85 0.003-0.094 0.03
>1 1 1 2 2-8 5
=32 1 1 2

fMIC — Minimum Inhibitory Concentration.
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A prospective study™ conducted from April 2008 to June 2009 addressed the primary H.
pylori antibiotic resistance in 18 European countries, excluding Latvia. Of 2,204 adult patients
included in the study overall, H. pylori resistance to clarithromycin was 17.5%, which is con-
sidered high, requiring the use of a bismuth-based quadruple therapy as the first option. If
bismuth is not available, a non-bismuth quadruple therapy can be used, preferably as a se-
quential therapy''s. However, in Finland and Lithuania, neighboring countries of Latvia, lower
resistance rates to clarithromycin were identified't. Similar to the 2018 European study®, our
study has revealed H. pylori resistance rates to clarithromycin of 5.6%, which is considered
low, justifying continued use of standard triple therapy as a first-line treatment''s.

When we collected data for this study, macrolide group antibiotics were the third most com-
monly prescribed group of antibacterial drugs, preceded by penicillin and tetracycline group
antibiotics in Latvia'®. Therefore, a relatively lower consumption of macrolides (1.81 DDD/1000
inhabitants/day in 2016) could explain the low resistance to clarithromycin in Latvian patients'®.
Clarithromycin MIC values also showed a clear bimodal pattern, with 75% of cultures having a
high-level resistance, which conforms to findings in previous studies'.

In terms of metronidazole resistance, we have found it to be the most common among test-
ed antibiotics in our study participants (34.8%). In the aforementioned prospective study of 18
European countries, including Latvia, 38.9% of patients were resistant to metronidazole, and
there has been a significant increase since 2008'4. Lack of adherence to drug prescription reg-
ulations coupled with the low cost of metronidazole could be the cause of high metronidazole
consumption among adults in Latvia.

The relatively high observed rifampicin resistance (10.1%) could be due to the susceptibili-
ty testing methodology and respondent’s medical history, for example, past tuberculosis treat-
ments. We have observed some of the isolates had the tendency to develop rifampicin resistance
simply when cultivated for an extended period 48-72h (results not shown). A similar phenomenon
was also observed by Glocker et al'® when, after a single rifampicin selection step, they obtained
spontaneous rifampicin-resistant mutants from a rifampicin-susceptible strain 26695. Based on
this observation, it is possible for the rifampicin resistance rates to be overestimated.

Even though levofloxacin has not been widely used in Latvia, we observed a primary H. pylori
resistance to this antibiotic of 4.5%. Over the years, the use of quinolone group antibiotics in
Latvia has been higher than in neighboring European countries and Norway, e.g., in 2017, 1.03
DDD per 1000 inhabitants and per day in Latvia, compared to 0.79, 0.87, and 0.35 DDD/1000
inhabitants/day in Estonia, Lithuania, and Norway, respectively, in 2017'. In Portugal, where the
use of quinolone group antibiotics was only recently reduced to 1.25 DDD/1000 inhabitants/day
(previous usage spanned from 2.2 to 1.9 between 2013 and 2016), the primary levofloxacin re-
sistance rate was 15.4% in 20142°. A similar trend can be observed in ltaly, where quinolone con-
sumption in 2016 was even higher at 3.2 DDD/1000 inhabitants/day, whose effects can also be
seen in high resistance to levofloxacin, with the rate being approximately 30%?2'. Based on a most
recent study® of 1,211 adult patients from 24 centers in 18 European countries, the primary levo-
floxacin resistance of H. pylori was 4.5% in patients from Latvia. The average rate of resistance
to levofloxacin was 15.8%, ranging from 29.2% in Italy to nil in the Netherlands and Denmark®.

The prevalence of H. pylori resistance to both clarithromycin and metronidazole (dual resistance)
is also an important consideration. Concomitant therapy is ineffective against dual-resistant strains.
A recent review found an H. pylori infection treatment success rate of only 79%, suggesting that this
combination should not be used if the prevalence of dual resistance is >15%. Bismuth-containing
quadruple therapy was considered the first-line treatment for areas of high dual resistance in the
latest European consensus report'. Other regimens potentially useful in this situation would be high-
dose PPIl-amoxicillin dual therapy or rifabutin triple therapy, as they avoid the issue of clarithromycin
and metronidazole resistance altogether. Resistance to rifabutin or amoxicillin was nil in our study.

Limitations and Strengths

Although we had high success in recovering H. pylori from frozen biopsies, the relatively small
size of the study group needs to be mentioned as a limitation of our study. An important
strength of this study includes the use of isolates from healthy participants from the general
population rather than those from symptomatic patients.
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CONCLUSIONS

In conclusion, in the studied Latvian middle-aged population, the primary H. pylori resistance
to clarithromycin has remained low. Therefore, the use of standard clarithromycin-based erad-
ication regimens may still be used as first-line treatment, at the very least, in the regions
and age groups investigated within this study. Antimicrobial susceptibility testing employing
next-generation sequencing methods to increase throughput would be advised for better esti-
mation of resistance patterns.
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