
Helicobacter pylori infection has been linked to peptic ul-
cer disease and gastric cancer [1]. The seroprevalence of 

in Israel is approximately 45% and the annual inci-
dence of gastric cancer is approximately nine per 100,000 peo-
ple [2,3]. The first line of  treatment in Israel includes 
amoxicillin, clarithromycin, and/or metronidazole. The second 
line treatment comprises bismuth quadruple therapy, which 
includes tetracycline and metronidazole. A combination of a 
proton pump Inhibitor (PPI), amoxicillin, and levofloxacin, are 
used as third-line regimen.

Resistance prevalence varies by country and within same 
region by time periods. Among possible causes of failure are 
the increased use of different antibiotics in the general popu-
lation for dental, respiratory, gynecological, and parasitic in-
fectious diseases. Since multi-resistance frequently develops 
against most commonly implemented antibiotics and leads to 
increasing inadequate success rates, new therapeutic strategies 
are urgently needed. Primary resistance can significantly impair 
the efficacy of eradication regimens, especially the inclusion of 
macrolides (i.e., clarithromycin) [4]. High secondary resistance 
to metronidazole or clarithromycin is expected after treatment 
failure with therapeutic combinations containing one of these 
compounds [5]. There are little data on antibiotic resistance of 

 in Israel [6,7].
The aims of this study were to assess primary and second-

ary resistance of  isolates from untreated and treated 
patients in Israel to five antimicrobial agents and to identify pre-
dictors of resistance.

This cross sectional study was conducted at the Department of 
Gastroenterology, Kaplan Medical Center, a university-affiliat-
ed community care facility (600 beds) located in central Israel. 
Kaplan Medical Center’s institutional review board approved 
the study.



Between January 2013 and June 2017, 128 clinical isolates of 
 were isolated from antral biopsy specimens of 128 

consecutive dyspeptic adults, one isolate from each patient, 
Twenty-two were previously untreated naïve for  in-
fection; 106 had been previously treated for  infection 
and failed more than one treatment regimen, that is, first-line 
triple therapy with a PPI, amoxicillin, clarithromycin, or met-
ronidazole or second-line quadruple therapy with second-line 
quadruple therapy with PPI, metronidazole, tetracycline, and 
bismuth or rescue treatment with levofloxacin. 

Biopsy specimens were inoculated directly onto a Columbia 
blood agar (Difco, Detroit, MI, USA) supplemented with a 
yeast extract of 5 g/L, laked lysed horse blood (7%), vanco-
mycin (3 mg/L), colistin sulfate (7.5 mg/L), nystatin (12500 
IU/L), and co-trimoxazole (5 mg/L). Cultures were incubated 
for 72 hours at 37°C under microaerophilic conditions

 isolates were identified by colony morphology, characteristic 
spiral morphology on gram staining, and positive findings on 
catalase, urease, and oxidase tests. Susceptibility to five antibi-
otic agents: amoxicillin, clarithromycin, metronidazole, tetra-
cycline, and levofloxacin were tested by the Etest (BioMérieux, 
France). The strips were placed on dry agar plates. The mini-
mum inhibitory concentration (MIC) values were determined 
after 72 hours of incubation according to the Etest instructions. 
The  strain ATCC 43526 was used as quality control 
for the selective medium. The files of all cases were reviewed 
for age, gender, and past medical history. Data regarding pre-
vious eradication treatments, number of failures, allergies and 
previous antibiotic exposure were identified from patient elec-
tronic medical records and recorded. Susceptibility to five anti-
biotic agents was obtained from Kaplan’s microbiology labora-
tory electronic system. 

As this study was a retrospective cohort study, there was no need 
for informed consent, thus allowing for the inclusion of consec-
utive patient selection and minimizing selection bias. Previous 

 eradication treatment was obtained from patient elec-
tronic medical records; hence, minimizing reporting bias. 

Sample size was calculate using power of 80% and significance 
level of 5%. We assumed that the  isolate resistance ra-
tio to clarithromycin and metronidazole between naive patients 
and previously treated patients in our study population would 
be 1:4. According to previous studies [8], we assumed 32% and 
17% primary resistance to clarithromycin and metronidazole 
and 82% and 48% secondary resistance, respectively. In order 
to identify this difference, 135  isolates were needed.

proposed by the European Committee on Antimicrobial Suscep-
tibility Testing for [9]: amoxicillin, MIC > 0.125 mg/L;
tetracycline, MIC > 1 mg/L; MIC > 0.5 mg/L; metronidazole, 
MIC > 8 mg/L, and levofloxacin, MIC > 1 mg/L. High level re-
sistance to both clarithromycin and metronidazole was defined 
as MIC > 256 mg/L.



Age was reported as median and interquartile range. Categor-
ical variables were reported as frequency and percentage. The 
number of previous treatments were categorized as 1, 2, and 
> 3. The Chi-square test or Fisher's exact test evaluated the as-
sociation between the categorical variables. Age was compared 
between categories using the Mann-Whitney test. All statistical 
tests were two-sided;  < 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using IBM Statis-
tical Package for the Social Sciences statistics software, version 
23 (SPSS, IBM Corp, Armonk, NY, USA).

A total of 128  isolates cultured from 128 patients, 
including 106 (82.8%) previously treated patients and 22 naïve 
patients (17.2%), were tested. Patient characteristics are dis-
played in Table 1. The distribution of the MICs of the five anti-
microbial agents is shown in Table 2. All  isolates were 
sensitive to amoxicillin (MIC of MIC > 0.125) and tetracycline 



(MIC of < 1 mg/L). High level resistance (MICs > 256 mg/L) 
for clarithromycin and metronidazole, respectively, were found 
in 34.9% and 61.3% of isolates from treated patients, and 45.5% 
and 63.6% of isolates from untreated patients. The prevalence 
of  resistance to all five antibiotics tested is shown in 
Table 3. Of the isolates recovered from treated patients, 53.8% 
and 68.9%, respectively, were resistant to clarithromycin and 
metronidazole.

Corresponding rates for these isolate agents from untreated 
patients were 59.1% (  = 0.6) and from treated patients 68.2% 
(  = 0.9). Two isolates (1.9%) from treated patients were resis-
tant to LEV; none of the isolates from untreated patients were 
resistant to levofloxacin. Dual resistance to both clarithromy-
cin and metronidazole was found in 50% of the isolates from 
untreated patients (11/22) and 43.3% of the treated patients 
(48/106) ( = 0.68). Simultaneous resistance to clarithromycin, 
metronidazole and levofloxacin was seen in one  isolate 
from a previously treated patient. Age was the only predictor of 
resistance to metronidazole and clarithromycin. Increased age 
was significantly associated with resistance to metronidazole 
( = 0.001), clarithromycin ( = 0.004) and dual resistance to 
metronidazole and clarithromycin ( = 0.001). No statistically 
significant association was found between antibiotic resistance, 
gender or origin [Table 4].

This study shows that the prevalence of metronidazole and clar-
ithromycin resistance in  isolates recovered from both 
treated and untreated patients is high. Antibiotic resistance has 
provided conclusive evidence that  resistance to met-
ronidazole or clarithromycin reduces the efficacy of regimens 
containing these agents [10]. As antimicrobial resistance is the 
most important determinant of treatment failure after patient 
compliance [11], and metronidazole and clarithromycin are 
used in almost all regimens, the increasing resistance of 

 to these agents is of clinical importance. We found high rates 
of resistance metronidazole (68%) and clarithromycin (59%) 
from untreated patients and from treated patients (69% and 
54%, respectively). The MICs of  isolates resistant to 
clarithromycin and metronidazole were frequently at a high lev-
el (> 256 mg/L) and could be viewed as potentially difficult to 
eradicate [12]. Thus, continued surveillance, particularly of high 
level resistance (MIC > 256 mg/L), is recommended to monitor 
the effects of the test-and-treat strategy for  eradication. 
Dual resistance to both clarithromycin and metronidazole was 
found in 50% of the isolates from untreated patients and 43.3% 
of the treated patients. The higher metronidazole and dual resis-
tance in naïve patients is probably related to age differences and 
prolonged exposure to antibiotics.

Our data are in concordance with a recent systematic review 

and meta-analysis [13] that reported a high prevalence of prima-
ry metronidazole and clarithromycin resistance between Janu-
ary 2007 and June 2017 in the eastern Mediterranean region of 
56% and 33%, respectively. 

Our retrospective study comprised a relatively limited sample 
size, and thus, bias may exist. Moreover, it was a single medi-
cal center study and might not be representative of the general 
population within a region. We recommend continuing to mon-
itor antibiotic resistance to obtain accurate information on local 
rates, particularly of high-level resistance to clarithromycin and 
metronidazole. Options for first-line treatment of  in-
fection may include concomitant, bismuth-based quadruple and 
sequential therapy in line with the Israel Gastroenterology As-
sociation’s (IGA) 2019 guidelines [14]. 

Our secondary resistance data are in agreement with previ-
ous data from Israeli studies. Yahav et al. [6] found that second-
ary resistance to clarithromycin, metronidazole, and levofloxa-
cin was 66%, 57%, and 19%, respectively, and dual resistance 
to both clarithromycin and metronidazole was found in 32.8% 
in an Israeli cohort during 2003–2004. Our secondary resistance 
data are similar to a recent Israeli cohort [7] reporting second-
ary resistance for clarithromycin, metronidazole, and levoflox-
acin in 57.2%, 64.4%, and 5.1% of isolates, respectively. Dual 
resistance to clarithromycin and metronidazole was observed 
in 39.9% of  isolates. Because of increasing therapy 
failure, the consensus group strongly recommended that all 

 eradication regimens be given for 14 days.
No resistance to amoxicillin tetracycline was found in test-

ed isolates. Tetracycline possesses the most significant anti-
activity in vitro and may be used as an alternative agent 

in the presence of clarithromycin and/or metronidazole resis-
tance in adult patients. The high levels of  resistance 
to clarithromycin, metronidazole, and dual resistance was 
significantly associated with increased age suggesting longer 
exposure to empiric antibiotic therapy for common infections 
throughout the years [15]. We found no resistance to levofloxa-
cin in isolates from untreated naïve patients and very low rates 
of secondary levofloxacin resistance in treatment failures. This 
finding reflects the tightened regulations surrounding fluoro-
quinolone prescriptions during the past decade in Israel and lack 
of reimbursement [16,17]. These results make levofloxacin an 
attractive option for second or third line treatment in combina-
tion with amoxicillin and PPI. In penicillin-allergic individuals, 
levofloxacin may be combined with clarithromycin [18]. 

The resistance rates to both single and dual metronidazole and 
clarithromycin in isolates recovered from both Israeli naïve and 
treated patients warrant special attention. In accordance with the 
IGA’s guidelines [14], we recommend that in areas with high 



clarithromycin and metronidazole resistance, where availability 
of antimicrobial testing is low, options for first-line treatment of 

 infection should include concomitant, bismuth-based 
quadruple and sequential therapy. Therapeutic outcome would 
benefit from susceptibility testing after treatment failure. Fur-
ther clinical studies are needed to confirm these data in vivo. 
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Severe coronavirus disease-2019 (COVID-19) can 
occur in younger, predominantly male, patients without 
preexisting medical conditions. Some individuals may 
have primary immunodeficiencies that predispose to 
severe infections caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). Van der 
Made et al. explored the presence of genetic variants 
associated with primary immunodeficiencies among 
young patients with COVID-19. Four male patients had 
a mean age of 26 years (range 21–32), with no history 
of major chronic disease. They were previously well 
before developing respiratory insufficiency due to severe 
COVID-19, requiring mechanical ventilation in the ICU. 
The mean duration of ventilatory support was 10 days 
(range 9–11); the mean duration of ICU stay was 13 days 
(range 10–16). One patient died. Rapid clinical whole-

exome sequencing of the patients and segregation in 
available family members identified loss-of-function 
variants of the X-chromosomal  In members of 
family 1, a maternally inherited 4-nucleotide deletion was 
identified (c.2129_2132del, p.[Gln710Argfs*18]); the 
affected members of family 2 carried a missense variant 
(c.2383G>T, p.[Val795Phe]). In primary peripheral 
blood mononuclear cells from the patients, downstream 
type I interferon (IFN) signaling was transcriptionally 
downregulated, as measured by significantly decreased 
mRNA expression of IRF7, , and  on 
stimulation with the TLR7 agonist imiquimod as 
compared with family members and controls. The 

patients in response to stimulation with imiquimod.


