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Gastric cancer is estimated to be the fifth most com-
mon cancer and the fourth leading cause of cancer deaths 
worldwide.1 The occurrence of gastric cancer is linked to 
commonly-occurring Helicobacter pylori infection. Be-
cause of difficulties in developing a vaccine, H. pylori erad-
ication treatment has emerged as a key strategy for limiting 
infection and preventing complications, such as precan-
cerous diseases, in the general population.2 Antibiotic 
resistance has increased, albeit with regional differences in 
rates of resistance, and affects first-line and other rescue 
treatments. A survey of 16 countries in the Asian-Pacific 
region found that resistance rates to clarithromycin in 11 
countries and to levofloxacin in 13 countries were greater 
than 15%.3 To address this, improved detection methods 
and novel treatment strategies based on a deeper under-
standing of bacterial resistance mechanisms are needed.

In this issue of Gut and Liver, Kim et al.4 examined the 
prevalence of resistance to clarithromycin related to point 
mutations using a dual-priming oligonucleotide (DPO)-
based multiplex polymerase chain reaction (PCR) assay 
and assessed the impact of different point mutations on the 
success of eradication therapy. This retrospective cohort 
study examined 464 patients by reviewing databases in 
Korea between June 2014 and October 2019. The authors 
found that standard triple therapy was effective in more 
cases in the negative point mutation group compared with 
the positive point mutation group (p<0.001). The point 
mutation rate was 37.7% among the study population, with 
the single mutation A2143G being most frequently identi-
fied, followed by A2142G, and double point mutations. 

In 2017, Kuo et al.3 reported that the mean prevalence of 
resistance to clarithromycin was 17% in Korea. This indi-
cated that the DPO-based multiplex PCR assay was effec-
tive at detecting cases that had gained clarithromycin re-
sistance with minor conformational changes. The authors 
analyzed the cure rate of standard triple versus bismuth-
quadruple therapy in the negative, A2142G, and A2143G 
or double point mutation groups, and found rates of 89.8% 
and 100.0%; 100.0% and 100.0%; and 25.8% and 92.1% by 
per-protocol analysis, respectively. Standard triple therapy 
therefore had a similar cure rate to bismuth-quadruple 
therapy in the A2142G mutation group. According to re-
search from various countries, both the A2142C/G and 
A2143G mutations are common with or without other 
mutations. A2143G induces a wide range of minimum 
inhibitory concentrations (MICs) (2–256 mg/L), whereas 
A2142 has a more restricted MIC of 64 mg/L, which may 
make it responsive to treatment.5 However, because the 
study was limited to one center in Korea, further research 
is required to confirm these findings A2143G, but not 
A2142, may be associated with amoxicillin resistance as 
a synergistic effect.6 The identification of mutations can 
inform us on whether to avoid standard-line treatment or 
continue standard-line treatment at high dosages (or for 
a longer period). This study showed that 14-day bismuth-
quadruple therapy resulted in additional eradication suc-
cess compared with 7-day therapy (p=0.024). Although the 
study did not evaluate resistance to amoxicillin or other 
antibiotics, bismuth therapy showed higher efficiency in 
the A2143G and double point mutation groups. Generally, 
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this study revealed the effectiveness of tailored therapy. 
Despite the authors’ excellent study design, there were 

some significant limitations. First, it is the disadvantages of 
a DPO-PCR method. The H. pylori resistance mechanism 
for clarithromycin is relatively well-known and mainly 
associated with 23S rRNA gene (V domain) point muta-
tions.7 This knowledge enables the development of several 
molecular-based methods. The DPO-PCR assay can only 
examine a limited number of nucleotide positions and is 
unable to determine new point mutations, with potential 
false negative results.7 Next generation sequencing tech-
niques, such as MinION (Oxford Nanopore Technology), 
may provide a more complete picture of old and new resis-
tance substitutions, as well as greater accuracy in detecting 
genome variations (heterozygote phenotypes) because they 
include two copies of the 23S rRNA gene.7 Second, the 
analysis of failed cases was lacking. The authors did not 
exclude any potential causes of failure. Failed cases may be 
explained by other resistance mechanisms8 such as other 
point mutations in rpl22 or infB, an efflux pump system, 
or coccoid or biofilm formation, as shown in Fig. 1.7 How-
ever, how these mechanisms may affect clarithromycin 
resistance and their clinical relevance remain unclear, but 
it may be that different mechanisms act synergistically.7 
Some studies have shown that isolates with 23S rRNA 

mutations have 4-fold decreased MICs in the presence of 
efflux pump inhibitors. Besides the 23S rRNA (V domain)-
related mechanism, other mutations may induce low-level 
clarithromycin resistance, and this resistance may be in-
creased by the cooperative effects of A2142 and A2143 mu-
tations.9 In cases of mutations in outside this domain, high 
doses of clarithromycin need to be used without exposure 
to any unnecessary antibiotics. Moreover, the spread of 
multidrug resistance (40% of infections) and host factors, 
including proton pump inhibitor activity due to CYP2C19 
gene polymorphisms, can also reduce eradication success. 
Third, in this retrospective study, it would be more instruc-
tive to identify relationships between phenotype and geno-
type related to primary and secondary drug resistance.

Limitations notwithstanding, the importance of mo-
lecular-based methods for analyzing H. pylori resistance 
and understanding first-line therapy failure were revealed 
in this study. However, in the absence of a universal detec-
tion method for clarithromycin resistance, several meth-
ods have been introduced and the efficiency, safety, cost-
effectiveness, and availability of these methods should be 
evaluated and compared in multicenter studies. Regarding 
clinical usage, we should clarify other strategies of clar-
ithromycin-based therapy (duration, doses, or combina-
tion with other drugs) in cases with low MIC isolates due 
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Fig. 1.Fig. 1. Schematic explanation of clarithromycin resistance mechanisms in Helicobacter pylori infection. Generally, resistance of H. pylori to clarithro-
mycin is mediated by three main mechanisms: targeted modification by genetic mutations such as in the 23S rRNA gene; drug efflux systems; and 
other mechanisms such as biofilm or coccoid formation.
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to single or exclusive A2142 and A2143 point mutations. 
In summary, Kim et al.4 studied how application of the 

DPO-based multiplex PCR assay in clinical practice to de-
tect clarithromycin-resistant cases, may improve the cure 
rate of H. pylori infection. Future studies focused on tai-
lored therapy should aim to reduce the incidence of resis-
tance in H. pylori infections, apply this to clinical practice, 
and develop strategies that depend on population-specific 
resistance mechanisms. To this end, it may be important 
to consider diagnosing resistant H. pylori infections as a 
first step in countries with high prevalence of antibiotic re-
sistance, i.e., “test with resistance check, treat and confirm 
eradication.”
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