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Supplementary Figure 1. Geographical distribution of the 6 WHO regions and member states for each region (alphabetical
order). Africa Region (AFR), 47 countries: Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cabo Verde,
Central African Republic, Chad, Comoros, Congo, Céte d’lvoire, Democratic Republic of the Congo, Equatorial Guinea, Eritrea,
Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania,
Mauritius, Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, Senegal, Seychelles, Sierra Leone, South
Africa, South Sudan, Swaziland, Togo, Uganda, United Republic of Tanzania, Zambia, Zimbabwe. Americas Region (AMR), 35
countries: Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Bolivia, Brazil, Canada, Chile, Colombia, Costa Rica,
Cuba, Dominica, Dominican Republic, Ecuador, El Salvador, Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico,
Nicaragua, Panama, Paraguay, Peru, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad
and Tobago, United States of America, Uruguay, Venezuela. Eastern Mediterranean Region (EMR), 21 countries: Afghanistan,
Bahrain, Djibouti, Egypt, Iran (Islamic Republic of), Iran, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Pakistan, Qatar,
Saudi Arabia, Somalia, Sudan, Syrian Arab Republic, Tunisia, United Arab Emirates, Yemen. Europe Region (EUR), 48
countries Albania; Andorra; Armenia; Austria; Azerbaijan; Belarus; Belgium; Bosnia and Herzegovina; Bulgaria; Croatia;
Cyprus; Czech Republic; Denmark; Estonia; Finland; France; Georgia; Germany; Greece; Hungary; Iceland; Ireland; Israel; ltaly;
Kazakhstan; Kyrgyzstan; Latvia; Lithuania, Luxembourg, Malta, Monaco, Montenegro, Netherlands, Norway, Poland, Portugal,
Republic of Moldova, Romania, Russian Federation, San Marino, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Tajikistan, The former Yugoslav Republic of Macedonia, Turkey, Turkmenistan, Ukraine, United Kingdom, Uzbekistan. South-
East Asia Region (SEAR), 10 countries: Bangladesh, Bhutan, Democratic People’s Republic of Korea, India, Indonesia,
Maldives, Myanmar, Nepal, Sri Lanka, Thailand, Timor-Leste. Western Pacific Region (WPR), 27 countries: Australia, Brunei
Darussalam, Cambodia, China, Cook Islands, Fiji, Japan, Kiribati, Lao People’s Democratic Republic, Malaysia, Marshall
Islands, Micronesia (Federated States of), Mongolia, Nauru, New Zealand, Niue, Palau, Papua New Guinea, Philippines, Re-
public of Korea, Samoa, Singapore, Solomon Islands, Tonga, Tuvalu, Vanuatu, Viet Nam.
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Supplementary Figure 6. Funnel plot of the meta-analysis on
overall Helicobacter pylori primary resistance to clari-
thromycin (104 studies included, Egger’s test for small study
effect P < .01). ES, effect size.
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Supplementary Table 1.Quality Assessment of Included Studies

1. Was the study’s target population a close representation of the target population? Y/N

The target population refers to the group people entities to which the results of the study will be generalized. Studies providing data from
several hospitals across the nation can be well representative of the national situation in terms of resistance prevalence.

2. Were the study participants recruited in an appropriate way? Y/N

Prospective consecutive enroliment (no random selection)

3. Was the sample size adequate? Y/N

We considered adequate studies computing their own sample size calculation or, if not mentioned, we deemed as adequate studies including
at least 250 isolates. We based this cutoff on the following calculation:

We supposed a prevalence of clarithromycin resistance of 25% (based on results of a previous meta-analysis), with the width of the 95% ClI,
0.10, an accuracy of +0.05.
e The expected isolates proportion P = .25
e The desired width of the CI (d) = 0.10
e The confidence level = 95%

n=1962 x 4 p (1-p)/ d2

n = 15.37 x 0.25 (1-0.25) / 0.10?

n =288

4. Were the study subjects’ characteristics described in detail? Y/N

The question aims at assessing whether and how the sociodemographic features (age, sex, and race) and clinical features (type and grade of
Helicobacter pylori-related disease) were reported in the study.

5. Was the data analysis conducted with sufficient coverage of the identified sample? Y/N

Are resistance results provided for all the isolates?

6. Were objective, standard criteria used for the measurement of the condition? Y/N

Several diagnostics tools were used with satisfying sensitivity and specificity % in reporting prevalence data. New and not well-defined
diagnostic technique can provide unreliable data.

7. Was the condition measured reliably? Y/N

The type of antimicrobial susceptibility testing (phenotypic and/or genotypic) and the breakpoint systems referred to the definition of resistance
should be reported.

8. Are all important confounding factors/subgroups/differences identified and accounted for? Y/N

The type of resistance (primary or secondary) should be reported. Previous administration of antibiotics/anti-acid should be reported. In case
of secondary resistance, the previous antibiotic treatment should be provided.

The following points were deemed as redundant for the purpose of this systematic review.

1. Was there appropriate statistical analysis? NA

2. Were subpopulations identified using objective criteria? NA

n, no; NA, not applicable; Y, yes.

Supplementary Table 2.Patients Demographic and Clinical

Features
Characteristics Data
Age, y, median (IQR) 48 (43-51)
Male sex, %, mean (SD) 49 (9)
Population type, n (%)
Pediatrics 2416 (4.5)
Adults 45,021 (84.0)
Both or not specified 6146 (11.5)
Any previous eradication treatment, n (%)
Naive patients 29,094 (54.0)
Pretreated patients 5676 (11.0)
Both or not specified 18,813 (35.0)
Endoscopic findings, median (IQR)
NUD 70.2 (38.5-83.9)
PUD 25.5 (12.9-45.3)

IQR, interquartile range; NUD, non-ulcer dyspepsia; PUD,
peptic ulcer disease; SD, standard deviation.



1382.e14 Savoldi et al Gastroenterology Vol. 155, No. 5

Supplementary Table 3.Pooled Prevalence of Antibiotic Supplementary Table 5.Pooled Prevalence of Antibiotic
Resistance by Country, World Resistance by Country, World
Health Organization Region Africa Health Organization Region Eastern
Mediterranean
Antibiotic, country
(no. of studies) Pooled prevalence, % 95% CI  Antibiotic, country
(no. of studies) Pooled prevalence, % 95% Cl
Clarithromycin
Cameroon (1) 45 36-53 Clarithromycin
Senegal (1) 1 0-5 Egypt (2) 56 47-64
Congo (1) 2 0-9 Iran (15) 21 15-28
Metronidazole Morocco (1) 25 20-32
Cameroon (1) 93 88-96 Pakistan (6) 40 32-49
Senegal (1) 85 77-91 Saudi Arabia (1) 23 15-34
Levofloxacin Metronidazole
Senegal (1) 15 9-23 Egypt (1) 63 51-73
Congo (1) 50 34-66 Iran (14) 63 56-71
Amoxicillin Morocco (1) 40 33-47
Cameroon (1) 86 79-91 Pakistan (4) 62 51-74
Senegal (1) 0 0-3 Saudi Arabia (1) 49 37-60
Tetracycline Levofloxacin
Cameroon (1) 44 36-52 Iran (9) 25 14-37
Senegal (1) 0 0-3 Morocco (1) 11 7-16
Pakistan (5) 24 0-49
Saudi Arabia (1) 13 4-31
Amoxicillin
Iran (13) 14 9-19
Morocco (1) 0 0-2
Pakistan (3) 25 0-52
Saudi Arabia (1) 15 6-32
Supplementary Table 4.Pooled Prevalence of Antibiotic Tetracycline
Resistance by Country, World Iran (11) 15 9-22
Health Organization Region Morocco (1) 0 0-2
Americas Pakistan (3) 12 7-18
CLA+MET
Antibiotic, country Iran (6) 14 5-23
(no. of studies) Pooled prevalence, % 95% Cl
Clarithromycin CLA+MET, clarithromycin and metronidazole.
Argentina (1) 7 4-12
Brazil (6) 16 14-19
Canada (2) 0 0-2
Colombia (2) 6 4-8
Peru (1) 36 26-47
USA (3) 22 7-37
Metronidazole
Argentina (1) 8 5-12
Brazil (2) 40 33-48
Canada (2) 12 5-19
Peru (1) 62 51-72
USA (2) 20 13-27
Levofloxacin
Argentina (1) 9 5-13
Brazil (3) 10 5-15
Peru (1) 36 26-47
USA (2 37 23-39
Amoxicillin
Argentina (1) 2 1-5
Brazil (3) 7 1-13
Colombia (1) 4 2-9
Peru (1) 33 23-44
Tetracycline
Peru (1) 4 1-11
CLA+MET
Canada (1) 3 0-13

CLA+MET, clarithromycin and metronidazole.
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Supplementary Table 6.Pooled Prevalence of Antibiotic Supplementary Table 6.Continued
Resistance by Country, World —
Health Organization Region Europe  Antibiotic, country

(no. of studies) Pooled prevalence, % 95% Cl
Antibiotic, country
(no. of studies) Pooled prevalence, % 95% CI Iceland (1) 0 Oto4
Ireland (2) 0 Oto4
Clarithromycin Israel (2) 4 Oto 8
Austria (5) 32 12 to 52 Italy (2) 0 Oto1
Belgium (7) 36 20 to 51 Multicentre (3) 0 Oto1
Bulgaria (7) 23 17 to 28 Poland (5) 0 Oto1
Croatia (2) 14 11 to 17 Spain (8) 0 0Oto 0
France (8) 43 28 to 57 United Kingdom (1) 2 1to5
Germany (5) 13 6 to 20 Tetracycline
Greece (5) 36 27 to 46 Austria (2) 0 Oto1
Iceland (1) 6 3to 12 Bulgaria (6) 3 1t06
Ireland (3) 31 3 to 59 France (2) 0 0to0
Israel (12) 47 39 to 56 Germany (1) 0 O0toO
Italy (7) 15 11 to 20 Greece (4) 0 0to0
Multicenter (3) 17 5 to 30 Iceland (1) 0 Oto 4
Spain (12) 19 17 to 22 Ireland (1) 0 Oto5
The Netherlands (6) 16 14 to 19 Israel (2) 2 O0to6
Turkey (4) 28 19 to 36 Italy (2) 0 Oto1
United Kingdom (1) 36 30 to 42 Multicenter (3) 0 Oto1
Metronidazole Poland (2) 0 Oto1
Austria (2) 14 10 to 19 Spain (6) 0 Oto0
Belgium (7) 40 29 to 51 United Kingdom (1) 2 1to4
Bulgaria (7) 28 22t035 CLA+MET
Croatia (2) 1 8to 14 Belgium (1) 4 2t0 8
France (6) 65 53 to 77 Bulgaria (4) 15 6to 24
Germany (5) 37 30 to 43 Germany (4) 3 2to 5
Greece (4) 38 31 to 45 Greece (4) 13 6 to 21
Iceland (1) 1 Oto5 Iceland (1) 0 Oto4
Ireland (2) 31 25 to 37 Israel (12) 30 16 to 44
Israel (12) 57 48 to 65 Italy (6) 8 41012
ltaly (6) 26 22 to 31 Multicenter (1) 3 2to 7
Multicenter (3) 32 25 to 39 Poland (5) 8 1to 4
United Kingdom (1) 57 51 to 63 Spain (1) 10 5to 18
Poland (7) 38 24 to 51 United Kingdom (1) 31 25 to 37
Turkey (1) 35 26 to 45
The Netherlands (6) 15 11 to 19
Levofloxacin CLA+MET, clarithromycin and metronidazole.
Austria (2) 11 6to 16
Belgium (4) 29 18 to 41
Bulgaria (7) 10 7to 14
Croatia (1) 2 1to 5
France (6) 15 12to 18
Germany (17) 18 15 to 22
Greece (5) 10 6to 13
Iceland (1) 6 3to12
Ireland (2) 11 6to 16
Israel (10) 5 3to7
Italy (6) 5 3to7
Multicenter (3) 7 -11to 16
Poland (5) 8 2-14
Spain (8) 16 14 to 18
Turkey (1) 30 21 to 39
United Kingdom (1) 11 8to 16
Amoxicillin
Austria (2) 0 Oto1
Bulgaria (7) 1 Oto1
Croatia (1) 0 Oto3
France (2) 0 Oto1
Germany (1) 0 Oto6
Greece (4) 0 OtoO
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Supplementary Table 7.Pooled Prevalence of Antibiotic Supplementary Table 8.Pooled Prevalence of Antibiotic
Resistance by Country, World Resistance by Country, World
Health Organization Region Health Organization Region
South-East Asia Western Pacific

Antibiotic, country Antibiotic, country

(no. of studies) Pooled prevalence, % 95% Cl (no. of studies) Pooled prevalence, % 95% Cl
Clarithromycin Clarithromycin
Bangladesh (1) 39 28-52 Australia (5) 96 92-99
Bhutan (1) 0 0-4 China (47) 37 30-43
India (1) 5 2-13 Japan (3) 28 25-32
Indonesia (1) 9 4-18 Laos (1) 13 8-20
Thailand (9) 19 2-36 Malaysia (3) 5 0-10
Metronidazole New Zealand (1) 7 4-12
Bangladesh (1) 95 85-98 Singapore (3) 16 12-19
Bhutan (1) 83 75-89 South Korea (7) 18 10-25
India (1) 100 94-100 Taiwan (38) 26 22-31
Indonesia (1) 47 36-58 Vietnam (5) 63 37-88
Thailand (6) 44 28-60 Metronidazole
Levofloxacin Australia (5) 68 63-73
Bangladesh (1) 66 53-77 China (44) 77 74-79
Bhutan (1) 5 3-11 Malaysia (2) 82 75-88
Indonesia (1) 31 22-42 New Zealand (1) 49 38-61
Thailand (4) 19 14-23 Singapore (3) 44 39-48
Amoxicillin South Korea (7) 40 3-50
Bangladesh (1) 4 1-12 Taiwan (37) 31 27-35
Bhutan (1) 0 0-4 Vietnam (5) 58 40-76
India (1) 65 53-76 Levofloxacin
Indonesia (1) 5 2-13 Australia (5) 5 3-7
Thailand (2) 1 0-3 China (31) 33 29-38
Tetracycline Laos (1) 13 8-21
Bangladesh (1) 0 0-7 Singapore (3) 13 10-15
Bhutan (1) 0 0-4 South Korea (7) 28 21-35
India (1) 0 0-6 Taiwan (31) 15 13-17
Indonesia (1) 3 1-9 Vietnam (5) 32 20-43
Thailand (2) 0 0-1 Amoxicillin
CLA+MET 6 1-10 Australia (5) 0 0-1
Bangladesh (1) 9 4-19 China (32) 1 0-1
Thailand (1) 4 1-13 Malaysia (2) 0 0-1
New Zealand (1) 5 2-13
Singapore (3) 4 2-6
CLA+MET, clarithromycin and metronidazole. South Korea (7) 4 2-5
Taiwan (38) 1 1-1
Vietnam (5) 2 0-4
Tetracycline
Australia (5) 0 0-1
China (15) 2 1-3
Malaysia (1) 12 6-24
New Zealand (1) 0 0-5
Singapore (3) 7 5-9
South Korea (7) 4 1-6
Taiwan (18) 2 1-3
Vietnam (5) 17 4-31
CLA+MET
China (15) 14 11-17
New Zealand (1) 8 4-17
Singapore (3) 4 1-8
South Korea (3) 4 1-8
Taiwan (18) 10 7-13
Vietnam (2) 15 8-23

CLA+MET, clarithromycin and metronidazole.
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Supplementary Table 9.Heterogeneity Assessment by Studies’ Country

Variable Country Pooled prevalence, % 95% CI P %
Clarithromycin resistance Australia 96 92-99 61
Brazil 16 14-19 0
Italy 15 11-20 66
Turkey 28 19-36 66
Metronidazole resistance Australia 68 63-73 0
Germany 37 30-43 64
Greece 38 31-45 47
The Netherlands 15 11-19 60
Levofloxacin resistance Australia 5 3-7 0
France 15 12-18 0
Greece 10 6-13 39
Italy 5 3-7 16
Poland 8 2-14 63
Spain 16 14-18 62
Clarithromycin plus metronidazole resistance Germany 3 2-5 0
Italy 8 4-12 61

NOTE. Only pooled prevalence for countries with /? value < 75% are reported.



