IMAJ - VOL 27 - NOVEMBER 2025

ORIGINAL ARTICLES

Recent Trends and Predictors of Antibiotic Resistance

in Helicobacter pylori in Israel

Asaf Ness MD'3, Noa Eliakim-Raz MD'?, Rachel Gingold Belfer MD?3, Ram Dickman MD??, Zohar Levi MD?3,
and Doron Boltin MBBS??

'Department of Internal Medicine E, Rabin Medical Center (Beilinson Campus), Petah Tikva, Israel
2Division of Gastroenterology, Rabin Medical Center (Beilinson Campus), Petah Tikva, Israel
3Gray Faculty of Medical and Health Sciences, Tel Aviv University, Tel Aviv, Israel

ABSTRACT

KEY WORDS:

Background: Rising rates of antibiotic resistance pose a
major challenge in the treatment of Helicobacter pylori (H.
pylori) infection. Current treatment guidelines emphasize
the importance of acquiring local resistance data to select
an effective empirical regimen.
Objectives: To analyze trends in H. pylori antibiotic resis-
tance over two decades in Israel.
Methods: Data from Clalit Health Services for H. pylori iso-
lates cultured from gastric biopsies between January 2007
and December 2023 were included. Susceptibility to clarithro-
mycin, amoxicillin, metronidazole, tetracycline, and levoflox-
acin was determined using E-tests. Demographic and clinical
variables were retrieved to identify predictors of resistance.
Results: We identified 2521 H. pylori isolates (71.6% fe-
males, mean age 44.4 + 15.8 years). Most individuals were
residents of central Israel (84.6%) and of Jewish ethnici-
ty (87.8%). Antibiotic resistance was observed in 71.6%
of isolates for clarithromycin, 64.3% for metronidazole,
and 19.4% for levofloxacin. Resistance to tetracycline and
amoxicillin was minimal (0.2% and 1.2%, respectively).
Dual clarithromycin-metronidazole resistance occurred
in 50.4%, and triple resistance (clarithromycin-metronida-
zole-levofloxacin) was found in 12.0%. Between 2007 and
2012, clarithromycin resistance increased 5.3% annually,
then tapered (odds ratio [OR] 1.05, 95% confidence inter-
val [95%Cl] 3.84-6.85, P < 0.001). Age and prior antibiotic
use were predictors of resistance for all antibiotics, with
the greatest effect observed for drugs in the same class.
Female sex was associated with higher resistance to levo-
floxacin (OR 1.62, 95%Cl, 1.28-2.05, P < 0.001).
Conclusions: Antibiotic resistance to H. pylori is high in our
geographical region. Nevertheless, resistance rates have
remained steady over recent years.
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Helicobacter pylori (H. pylori) is one of the most
common bacterial pathogens leading to infection
of the digestive tract. It affects over 40% of the global
population. Infection is highest in developing countries.
H. pylori is an important factor in the development of
upper gastrointestinal diseases including gastritis, duo-
denitis, gastric and duodenal ulcers, gastric cancer, and
gastric mucosa-associated lymphoid-tissue lymphoma
[1]. Treatment of H. pylori infection typically involves
the use of antibiotics, and traditional regimens include
triple therapy based on a proton-pump inhibitor (PPI)
and two antibiotics (clarithromycin and amoxicillin or
metronidazole), or quadruple therapy with PPI, bismuth,
metronidazole, and tetracycline.

In response to high rates of treatment failures with tri-
ple therapies, especially those containing clarithromycin,
many national and international guidelines, including the
most recent Israeli guidelines from 2019, recommend
against using triple therapy and advise the more complex,
frequently dosed bismuth-quadruple therapy for first-line
empirical therapy. The most common cause of treatment
failure is antibiotic resistance. Previous studies have de-
scribed a persistent, linear rise in antibiotic resistance
rates in patients with H. pylori both in Israel and around
the world [2,3]. Resistance to treatment varies across
different geographic regions and often across different
areas of the same region [4]. This variability is closely
associated with rates of prior antibiotic use, particularly
the use of macrolides for respiratory tract infections. The
choice of appropriate antibiotics is crucial for the success
of treatment, but treatment is usually empirical as bacte-
rial culture and antibiotics sensitivity are often not part
of routine management. Knowledge of the sensitivity of
H. pyloriin specific geographic areas and among specific
populations can significantly improve treatment success
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rates. Therefore, current guidelines, including the Maas-
tricht VI consensus report [1], emphasize that the choice
of empirical treatment in a particular geographical region
depends on local resistance data. For this reason, antibi-
otic resistance data for H. pylori are crucial, and must be
monitored from time to time. That said, epidemiological
data regarding antibiotic resistance in patients infected
with H. pylori in Israel are limited, making a rational use
of antibiotics challenging. Local resistance data may be
especially important in Israel, given the socioeconomic
and demographic differences between central and periph-
eral regions, which may lead to differences in previous
antibiotic exposure, access to healthcare, antibiotic stew-
ardship, and health literacy. Aside from prior antibiotic
use, several factors have been associated with increasing
antibiotic resistance, including age and sex.

We examined resistance rates of H. pylori to different
antibiotics during two decades in Israel and define pre-
dictors of resistance. Since susceptibility testing is gen-
erally reserved for cases of treatment failure, we did not
assess H. pylori resistance among patients not previously
treated.

PATIENTS AND METHODS

STUDY DESIGN AND POPULATION

In this retrospective cohort study of H. pylori isolates
cultured from gastric biopsies of adult patients in Israel,
we used data from the Rabin Medical Center and Clal-
it Health Care databases. We assumed that all cultures
were acquired from non-naive individuals since H. py-
lori culture and sensitivity testing is only reimbursed
and approved in Israel following at least one treatment
failure; however, in practice and in accordance with the
guidelines of the Israeli Association of Gastroenterolo-
gy and Liver Diseases, susceptibility testing is usually
performed after at least two treatment failures. Available
data included information gathered from four special-
ized laboratories (Rabin Medical Center, Kaplan Medi-
cal Center, Carmel Medical Center, and Emek Medical
Center) during a 16-year period (1 January 2007 to 31
December 2023). Antibiotic susceptibility to clarithro-
mycin, amoxicillin, metronidazole, tetracycline, and
levofloxacin was determined by E-test. Additional da-
ta included general demographic characteristics (age,
sex), body mass index, smoking history, alcohol use,
co-morbidities (Charlson Comorbidity Index), and prior
antibiotic treatments.

Inclusion criteria were age > 18 years with gastric tissue
culture and available data for H. pylori antibiotic suscep-
tibility and resistance. Sterile samples and repeat cultures
from the same individual were excluded.

BIOPSY AND CULTURE

Gastric biopsy specimens were obtained for culture, an-
timicrobial susceptibility testing, and histologic exam-
ination for H. pylori. Specimens were stored in cysteine
freeze medium at -80°C, ground in a sterile tissue grind-
er, and inoculated onto blood agar, chocolate agar, and
brucella agar. Cultures were incubated at 37°C under mi-
croaerophilic conditions for up to 10 days, with positive
colonies typically identified within 3-5 days. H. pylori
was confirmed based on catalase, oxidase, and urease re-
actions as well as characteristic colony morphology and
Gram staining.

Minimum inhibitory concentrations (MICs) for clar-
ithromycin, metronidazole, levofloxacin, tetracycline,
and amoxicillin were determined using agar diffusion
gradient strips (E-test). Susceptibility test results were
interpreted according to the guidelines and criteria of the
European Committee of Antibiotic Susceptibility Testing
(EUCAST) breakpoints [5], which defined susceptibility
as MIC < 0.25 mg/L for clarithromycin, < 8 mg/L for
metronidazole, < 1 mg/L for tetracycline, < 1 mg/L for
levofloxacin, and < 0.25 mg/L for amoxicillin. Higher
MICs indicated resistance.

STATISTICAL ANALYSIS

Descriptive statistics were used to summarize demo-
graphic and clinical characteristics. They were presented
as means + standard deviation for continuous variables
and frequencies (%) for categorical variables. Univari-
ate analyses were conducted using chi-square tests for
categorical variables and independent t-tests for contin-
uous variables to assess associations between antibiotic
resistance and potential predictors. Temporal trends in
resistance were analyzed using linear regression models.
Multivariate logistic regression was used to identify inde-
pendent predictors of resistance, with results expressed as
odds ratios (OR) and 95% confidence intervals (95%CI).
Annual linear trends were evaluated. A P-value < 0.05
was considered statistically significant. Statistical analy-
ses were performed using SAS 9.4 software (SAS Insti-
tute Inc., Cary, NC, USA). The study was performed in
accordance with the principles of good clinical practice
and was approved by the Rabin Medical Center internal
review board (RMC-0034-24).
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Figure 1. Antibiotic resistance prevalence in Helicobacter pyloriisolates by year
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RESULTS

PATIENTS

The cohort included a total of 2521 patient cultures,
1806 (71.64%) from females. The mean age was 44.41
+ 15.78 years. In total, 2133 (84.61%) were residents
of central Israel, 186 (7.38%) were Arab, and 2213
(87.78%) were Jewish. Patient characteristics are dis-
played in Table 1.

CULTURE AND SUSCEPTIBILITY

A total of 2521 positive H. pylori cultures were per-
formed in 4 laboratories, 2045 (81.12%) at Rabin Medi-
cal Center, 306 (12.14%) at Kaplan Medical Center, and
the remainer at Carmel Medical Center and Emek Med-
ical Centre. A total of 1805 (71.60%) isolates were re-
sistant to clarithromycin, 490 (19.44%) to levofloxacin,
1620 (64.26%) to metronidazole, 5 (0.2%) to tetracy-
cline, and 30 (1.19%) to amoxicillin. Testing for amox-
icillin and tetracycline resistance was mostly stopped
after March 2009 due to minimal resistance. Combined
clarithromycin-metronidazole resistance was seen in
1267 (50.4%) of isolates, while resistance for clarithro-
mycin-levofloxacin was seen in 400 (15.9%), and clar-
ithromycin-levofloxacin-metronidazole were seen in
304 (12.0%). Resistance prevalences in isolates by year
displayed in Table 2.

Table 1. Patient characteristics

Patient characteristic Number
Total number 2521
Female, n (%) 1806 (71.64%)
Age in years, mean * SD 44.41 £15.78
Demographic district, n (%)

Center 2133 (84.61%)

North 227 (9%)

South 150 (5.95%)

Jerusalem 10 (0.4%)
Ethnicity

Jewish 2213 (87.78%)

Arab 186 (7.38%)
Body mass index, mean £ SD 25.77 £ 5.43
g]llaar;:s:g I-S’:umorbidity Index (total score 149 £1.98
Previous antibiotic therapy within 3 years*, n (%)

Yes 1917 (76.05%)

No 604 (23.95%)

*Antibiotic dispensation as part of eradication regimen for H. pylori

FACTORS ASSOCIATED WITH ANTIBIOTIC RESISTANCE

Multivariate analysis identified increasing age and prior
antibiotic use as independent predictors of resistance, for
all antibiotics, with the greatest effect observed for drugs
in the same class. Female sex was associated with higher
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Multivariate analysis identified increasing age as an
independent predictor of resistance for all antibiotics,
likely due to greater past antibiotic exposure. Previous
studies have shown similar findings with respect to levo-
floxacin; however, clarithromycin and metronidazole re-
sistance have not previously been associated with age and
may reflect regional antibiotic practices. Studies from
Italy and China reported higher resistance rates among
older patients, often attributed to increased quinolone use
for urinary tract infections [10,11].

Prior antibiotic exposure was also found to be an inde-
pendent predictor of resistance for all antibiotics, with the
greatest effect observed for drugs within the same class, ex-
cept for levofloxacin. This association has been demonstrat-
ed in multiple studies across diverse geographical regions
[12-16]. Clinical cohort studies revealed that prior use of
macrolides, fluoroquinolones, and metronidazole signifi-
cantly increased the odds of resistance and treatment failure
and have identified associations between H. pylori clarithro-
mycin resistance and community-level macrolide consump-
tion, and between levofloxacin resistance and consumption
of quinolones [6]. In addition, prior exposure to macrolides
has been shown to adversely affect the success of clarithro-
mycin-based triple therapy, with a significant reduction in
efficacy. For example, in a recent study by our group, we
demonstrated that clarithromycin-based triple therapy suc-
cess dropped to 55.5% among patients with prior clarithro-
mycin exposure (OR 0.31, 95%CI 0.24-0.39, P < 0.0001),
with similar effects observed with other macrolides [17].

It is noteworthy that past use of levofloxacin was not as-
sociated with increased levofloxacin resistance, while prior
use of quinolones as a class was strongly associated with
increased resistance. This discrepancy may be attributed to
the relatively small sample size for patients with prior levo-
floxacin use. In addition, indirect effects of covariables,
such as macrolide use, may contribute to this finding. Other
quinolones, such as ciprofloxacin, are used more broadly,
whereas in Israel, levofloxacin is typically reserved for the
treatment of refractory or atypical pneumonias. The stron-
ger association observed for the quinolone group likely re-
flects cumulative selective pressure across multiple agents,
emphasizing the importance of considering class-wide
effects. Overall, these results support the continued use of
levofloxacin for the empirical treatment of H. pylori fol-
lowing at least one treatment failure, without over-concern
that this practice will increase levofloxacin resistance.

Increased resistance of H. pylori to levofloxacin was
associated with prior macrolide use within 6 months and
with prior cephalosporin use. A possible explanation is

concurrent or sequential prescribing of multiple antibiotics
for respiratory illnesses. This finding would suggest that
quinolone exposure is covariate with macrolide and ceph-
alosporin exposure and that it is the quinolone exposure
that is the true driver of levofloxacin resistance. Similar-
ly, the association between female sex and levofloxacin
resistance may relate to higher quinolone use in females,
particularly for urinary tract infections. This result differs
from what is known from previous cohort studies, which
found significantly higher rates of metronidazole and clar-
ithromycin but not quinolone resistance among women,
with only one study from China identifying increased
quinolone resistance among women [18,19]. This differ-
ence might be related to population-specific variations and
antibiotic prescribing practices.

Our study has several limitations. Its retrospective design
and reliance on electronic medical files may introduce biases
due to incomplete or imprecise data. Certain variables, such
as prior antibiotic use were inferred and may be subject to
documentation error or omission, and detailed information
regarding dosage or duration of use was not available, which
influenced resistance development. Moreover, our cohort is
heavily skewed toward central Israel and predominantly in-
cludes Jewish patients, thus limiting generalizability.

Despite these limitations, our findings have clinical
implications. The high resistance rate for clarithromycin
suggest that empirical rescue treatment with clarithromy-
cin should be abandoned unless susceptibility testing is
performed. This finding would be a departure from cur-
rent Israeli guidelines, which recommend clarithromy-
cin-based concomitant therapy for first and second line
treatment in some situations. Our results also emphasize
the value of avoiding repeated empirical triple therapy,
especially in older patients or those with known prior
antibiotic exposure. Continued resistance surveillance
and antibiotic stewardship remain essential to combat
resistance in high-prevalence regions. In the future, poly-
merase chain reaction-based methods may offer advan-
tages over traditional culture for assessing resistance, and
especially for detecting clarithromycin mutations, with
advantages including higher technical success, rapid re-
sults, and the possibility for non-invasive testing.
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Accelerated vascular ageing after COVID-19 infection

This prospective, multicentric, cohort study by Bruno
and co-authors included 34 centers in 16 countries with
4 groups of participants: COVID-19-negative controls plus
three groups of individuals with recent (6 + 3 months)
exposure to SARS-CoV-2: not hospitalized, hospitalized
in general wards, and hospitalized in intensive care
units. The main outcome was carotid-femoral pulse
wave velocity (PWV), an established biomarker of large
artery stiffness. In total, 2390 individuals (age 50 + 15
years, 49.2% women) were recruited. After adjustment
for confounders, all COVID+ groups showed higher PWV
(+0.41, +0.37, and +0.40 m/s, P < .001, P = .001, and P
= .003, respectively) vs. controls (PWV 7.53, 95CI 7.09—

7.97 m/s adjusted mean). In sex-stratified analyses, PWV
differences were significant in women (PWV +0.55, +0.60,
and +1.09 m/s for the COVID+ groups, P < .001 for all),
but not in men. Among the COVID+ groups, persistent
symptoms were associated with higher PWV, regardless
of disease severity and cardiovascular confounders
(adjusted PWV 7.52, 95%CI 7.09-7.96) vs. 7.13 (95%Cl
6.67-7.59) m/s, P < .001. A stable or improved PWV after

12 months was found in the COVID+ groups, whereas

progression was observed in the COVID+ groups.
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