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Purpose: To assess the efficacy of amoxicillin, tetracycline, high-dose metronidazole, and a 

proton-pump inhibitor for third-line Helicobacter pylori eradication.

Methods: We enrolled 70 consecutive patients who had registered, failed to respond to two 

rounds of H. pylori eradication, and undergone endoscopy for H. pylori culture. Seven patients 

were lost to follow-up. Patients were treated according to the results of antibiotic-susceptibility 

testing reports (cultured group, n=39). Those who failed the H. pylori culture were prescribed 

14-day quadruple therapy containing esomeprazole 40 mg twice daily, amoxicillin 1 g twice 

daily, tetracycline 500 mg four times daily, and metronidazole 500 mg three times daily (empiri-

cal group, n=24). A follow-up urea breath test was performed 8 weeks later.

Results: Antibiotic-resistance rates were 79.5% (clarithromycin), 94.9% (levofloxacin), 

66.7% (metronidazole), 2.6% (amoxicillin), and 0 (tetracycline). Eradication rates attained 

by the cultured and empirical group were 89.7% (95% CI 72.7%–97.1%) and 58.3% (95% CI 

36.6%–77.9%) in per-protocol analysis (P=0.004) and 81.4% (95% CI 66.6%–91.6%) and 51.8% 

(95% CI 31.9%–71.3%) in intention-to-treat analysis (P=0.014), respectively. Culture-guided 

therapy was the only clinical factor influencing the efficacy of H. pylori eradication (OR 0.16, 

95% CI 0.04–0.60; P=0.006). Despite the high metronidazole-resistance rate (66.7%) after two 

treatment failures, the eradication rate in patients with this condition was 84%.

Conclusion: Empirical 14-day modified quadruple therapy is not acceptable as an alternative 

third-line rescue H. pylori treatment. The success rate of third-line susceptibility-guided treat-

ment was near 90%. This report is valuable as a reminder to medical practitioners that rather 

than a try-and-see approach, susceptibility-guided therapy should always be considered whenever 

possible for patients who have undergone several treatment failures.

Keywords:  amoxicillin-resistance, metronidazole-resistance, empirical quadruple therapy, 

culture-guided therapy

Introduction
Helicobacter pylori infection is an extremely common bacterial infection that is preva-

lent worldwide and has been classified as a grade I carcinogen.1–3 H. pylori infection 

can induce chronic gastritis, which progresses through the premalignant stages of 

atrophic gastritis, intestinal metaplasia, and dysplasia, before finally leading to gastric 

cancer.4,5 Successful eradication of H. pylori has greatly reduced the recurrence of pep-

tic ulcers.6 Globally, the standard triple therapy consists of one proton-pump inhibitor 

(PPI), amoxicillin, and clarithromycin. Metronidazole is an alternative to amoxicillin 

for patients who are allergic. However, H. pylori may develop resistance to the pre-

scribed antibacterials, such as clarithromycin as a standard first-line therapy, and may 
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acquire resistance through the acquisition and recombination 

of genes from other bacteria.7 The resistance battle against 

H. pylori continues, and many people still self-medicate with 

antibiotics, such as levofloxacin, which helps H. pylori to 

develop drug resistance.8–10

After the failure of second-line treatment, culture with 

susceptibility testing or molecular determination of genotype 

resistance is recommended by the Maastricht V/Florence 

Consensus Report.11 Secondary resistance to clarithromycin 

and levofloxacin is common in patients who fail to respond 

to regimens containing these antibiotics.12,13 Therefore, the 

reuse of clarithromycin and levofloxacin should be prevented 

on an empirical basis in third-line regimens. However, there 

is a major limitation to this therapeutic option, because of 

the low sensitivity of culture-based guidance. Moreover, few 

hospitals and clinics have a proper facility to perform cul-

tures, test for antibiotic susceptibility, or perform molecular 

genotype-resistance testing. More effective third-line regi-

mens for H. pylori are needed in the future. The need for an 

ideal, empirical third-line H. pylori rescue therapy has been 

raised. The Toronto consensus recommended that the choice 

of antibiotics be made empirically according to medication 

history.14 However, earlier studies have generally shown poor 

eradication rates with rifabutin-based15 or rifaximin-based16 

third-line rescue (63%–66%), regardless of combination with 

amoxicillin, levofloxacin, or clarithromycin.

In Taiwan, H. pylori culture with susceptibility testing or 

molecular determination of genotype resistance is recom-

mended in third-line rescue therapy by the Taiwan Consensus 

Report.17 However, patients who fail H. pylori culture or 

refuse to undergo further endoscopy can be encountered, and 

molecular determination of genotype resistance is sometimes 

not available. Liou et al reported that secondary antibiotic 

resistance to amoxicillin and tetracycline is uncommon in 

Taiwanese patients who fail in at least two eradications.18 

The addition of a PPI helps to overcome metronidazole 

resistance, and administration of a double dose (twice per 

day) is recommended.19 In our previous studies, we observed 

that high-dose metronidazole may overcome metronidazole 

resistance.20 The present study aimed to evaluate the efficacy 

of a simple, modified, empirical 14-day quadruple therapy 

containing esomeprazole, amoxicillin, metronidazole, and 

tetracycline as a third-line regimen for H. pylori eradication.

Methods
Study population
Between January 1, 2015, and 31, December 31, 2017, 1,318 

naïve patients infected by H. pylori were treated at  Kaohsiung 

Chang Gung Memorial Hospital, Taiwan according to the regis-

tration system. We enrolled a total of 70 registered consecutive 

H. pylori-infected patients who had failed on standard first-line 

triple therapy (PPI twice daily, amoxicillin 1 g twice daily, 

clarithromycin 500 mg twice daily for 7 days) and second-line 

levofloxacin-based triple therapy (PPI twice daily, amoxicillin 

1 g twice daily, levofloxacin 500 mg once daily for 14 days) 

were recruited in this study. Based on international guidelines, 

these patients underwent endoscopy for H. pylori culture and 

consequent antibiotic-susceptibility testing. Seven patients 

were lost to follow-up. All patients were at least 18 years old 

and underwent endoscopic examinations that showed peptic 

ulcers or gastritis. Confirmation of H. pylori-eradication fail-

ure was defined when the patient had either one positive result 

on a 13C urea breath test (UBT) or any two positive results 

on a rapid urease test, histology, or culture after second-line 

eradication therapy. Exclusion criteria were use of antibiotics, 

bismuth, or PPIs within the previous 4 weeks, patients with 

a history of allergies to the medications used, patients with a 

history of gastric surgery, and pregnant women. Patients were 

then treated according to the antibiotic-susceptibility testing 

reports (cultured group [n=39], esomeprazole 40 mg twice 

daily, amoxicillin 1 g twice daily, tetracycline 500 mg four times 

daily, metronidazole 500 mg three times daily, or levofloxacin 

500 mg once daily). Those who failed the H. pylori culture 

and did not want to undergo a repeat endoscopy for H. pylori 

culture were also prescribed with a simple empirical 14-day 

quadruple therapy containing esomeprazole 40 mg twice daily, 

amoxicillin 1 g twice daily, tetracycline 500 mg four times daily, 

and metronidazole 500 mg three times daily (empirical group, 

n=24). The UBT was used to confirm the status of the H. pylori 

8 weeks later. The absence of H. pylori after eradication therapy 

was defined as a negative result on the UBT.9,21,22

The primary outcome variables were eradication rate, pres-

ence of adverse events, and level of patient compliance. Demo-

graphic information, including age, sex, history of smoking 

(defined as one or more cigarettes per day), alcohol consumption 

(defined as up to one drink per day for women and two drinks 

per day for men). History of peptic ulcers and medical history 

were collected via electronic medical records. Poor compliance 

was defined as taking <80% of the total medication.20,21

Ethics approval and informed consent
Data collection in this study was based on reviewing com-

puterized medical charts. This study was approved by both 

the institutional review board and ethics committee of Chang 

Gung Memorial Hospital, Taiwan (IRB 201800034B0). 

The ethics committee waived the requirement for informed 
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 consent, and each patient’s medical records were anonymized 

and deidentified prior to access. All patients provided written 

informed consent for endoscopic examinations before the 

procedure. None of our patients were minors/children. The 

study protocol conformed to the ethical guidelines of the 1975 

Declaration of Helsinki, as reflected in a priori approval by 

the institution’s human research committee.

13C UBT
The procedure of the 13C UBT was modified from a previously 

described method.23 After a 2-hour fast, a baseline sample of 

expired breath in a 20 mL Vacutainer from each patient was 

obtained before administration of 75 mg 13C-urea in 80–100 

mL distilled water. At 20 minutes after ingestion of 13C-urea, 

expired breath was collected. All samples were taken in 

duplicate and analyzed by an automated breath 13C analyzer 

(isotope-ratio infrared spectrometer). Results were obtained 

using “delta over baseline”, which indicates change in the 
13CO

2
:12CO

2
 ratio from metabolic activity induced by admin-

istering the labeled urea. Delta-over-baseline values >4% were 

considered positive on the UBT. This UBT for H. pylori has 

excellent sensitivity (98%, 95% CI 96%–99%) and specificity 

(95%, 95% CI 92%–97%) after clinical data analysis.24

Culture and antimicrobial susceptibility 
testing
One biopsy specimen each from the antrum and corpus were 

obtained for H. pylori isolation using previously described 

culture methods.10,11 The biopsy specimens were cultured on 

plates containing Brucella chocolate agar with 7% sheep blood 

and incubated for 4–5 days under microaerobic conditions. 

The minimal inhibitory concentration (MIC) was determined 

using the agar dilution test. The H. pylori strains were tested 

for susceptibility to amoxicillin, clarithromycin, levofloxacin, 

metronidazole, and tetracycline using the E-test method (AB 

Biodisk, Solna, Sweden). H. pylori strains had MIC values 

of ≥0.5, ≥1, ≥1, ≥4, and ≥8 mg/L, which were considered to 

be the resistance breakpoints for amoxicillin, clarithromycin, 

levofloxacin, metronidazole, and tetracycline, respectively.22

Statistical analysis
Using SPSS 23, c2 tests with or without Yates’s correction for 

continuity and Fisher’s exact tests were used when appropriate 

to compare major outcomes between the groups. Eradication 

rates were analyzed using per protocol (PP) approaches. PP 

analysis excluded patients with unknown H. pylori status 

following therapy and those with major protocol violations. 

P<0.05 was considered statistically significant. To determine 

independent factors affecting treatment response, clinical 

parameters were analyzed using univariate and multivariate 

analyses. For multivariate variables, variables with P<0.3 on 

univariate analysis were used as covariates. Binary logistic 

regression was used with a forward conditional method to 

take into account only variables with P<0.05.

Results
Patient demographic and baseline 
characteristics
Figure 1 is a flowchart of the study. Seven patients were lost 

to follow-up. As such, 63 patients were included in the PP 

Figure 1 Patient characteristics.
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analysis. The characteristics of the patients are summarized in 

Table 1. The mean age was 58.9±10.1 years, and 36.5% were 

men. There was no significant difference between the cultured 

group and empirical group in terms of age, sex, smoking/

alcohol habits, peptic ulcer history, or endoscopic findings.

Eradication rate and susceptibility of  
H. pylori culture
Figure 2 shows the antibiotic resistance of strains after two H. 

pylori treatment failures. Clarithromycin-resistant strains were 

found in 79.5% (31 of 39) of patients. Levofloxacin-resistant 

strains were found in 94.9% (37 of 39) of patients. Metronida-

zole-resistant strains were found in 66.7% (26 of 39) of patients. 

Amoxicillin-resistant strains were found in 2.6% (one of 39) 

of patients. No strains developed resistance to tetracycline. 

Table 2 demonstrates the major outcomes in terms of eradica-

tion rate. The eradication rates attained by the cultured group 

and empirical group were 89.7% (95% CI 72.7%–97.1%) and 

58.3% (95% CI 36.6%–77.9%), respectively, in PP analysis 

Table 1 Demographic data and endoscopic findings of the two patient groups

Culture-guided  
therapy (n=39, %)

Empirical therapy  
(n=24, %)

P-value

Age (years), mean ± SD 58.7±10.4 58.3±10.0 0.869
Sex (men/women) 13/26 (33.3/66.7) 10/14 (41.7/58.3) 0.512
Smoking 4 (10.3) 1 (4.2) 0.557
Alcohol consumption 6 (15.4) 3 (12.5) 0.755
History of peptic ulcers 18 (46.2) 13 (54.2) 0.293
Endoscopic findings
Gastritis 14 (35.9) 13 (54.1) 0.063
Gastric ulcer 15 (38.5) 10 (41.7)
Duodenal ulcer 8 (20.5) 0
Gastric and duodenal ulcer 2 (5.1) 1 (4.2)

Figure 2 Antibiotic resistance after two Helicobacter pylori-eradication attempts.
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(P=0.004) and 81.4% (95% CI 66.6%–91.6%) and 51.8% (95% 

CI 31.9%–71.3%), respectively, in intention-to-treat analysis 

(P=0.014). Despite the high metronidazole-resistance rate after 

two treatment failures, the eradication rate was 84% in patients 

with this condition (Table 3).

Adverse events and compliance
Adverse events occurred in 17 patients (22.9%). There was 

no significant difference between the two groups in terms of 

the adverse-event rate (25.6% vs 29.2%, P=0.758l Table 2). 

The most common side effect from the use of medication 

was digestive-system problems, such as nausea, abdominal 

pain, and constipation (Table 4). All patients completed their 

course of treatment, so the rate of compliance was 100%.

Factors influencing the efficacy of anti- 
H. pylori therapy
Table 5 shows the univariate analysis of all demographic 

data and factors. There was only one clinical factor that 
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affected efficacy (culture vs empirical therapy, P=0.004). In 

the multivariate analysis, culture vs empirical therapy was 

the only clinical factor that influenced H. pylori eradication 

(OR 0.16, 95% CI 0.04–0.60; P=0.006; Table 6).

Discussion
According to the Maastricht V/Florence Consensus Report,11 

after failure of second-line therapy for the eradication of H. 

pylori, the best therapeutic choice should be based on the 

cultivation of H. pylori to determine its susceptibility to 

medications. However, determination of H. pylori MIC is 

not practiced widely, because it is time-consuming, inconve-

nient, and relatively expensive. Furthermore, the successful 

culture rate ranges 75%–90%.25,26 There are many issues that 

Table 2 Major outcomes of eradication therapy

Eradication rate

Culture-guided  
group

Empirical  
group

P-value

Intention to treat 81.4% (35/43) 51.8% (14/27) 0.014
Per protocol 89.7% (35/39) 58.3% (14/24) 0.004
Adverse events 25.6% (10/39) 29.2% (7/24) 0.758
Compliance 100% (39/39) 100% (24/24) –

Table 3 Antibiotic resistance and Helicobacter pylori-eradication 
rate

Culture Total Eradication rate, n (%)

Amo-S
Tet-S
Met-S

13 13 (100)

Amo-S
Tet-S
Met-R

25 21 (84)

Amo-R
Tet-S
Met-R

1 1 (100)

Total 39 35 (89.7)

Abbreviations: Amo, amoxicillin; Met, metronidazole; PP, per protocol; R, 
resistant; S, sensitive; Tet, tetracycline.

Table 4 Adverse events

Culture-guided  
therapy  
(n=39, %)

Empirical  
therapy  
(n=24, %)

P-value

Abdominal pain 3 (7.7) 3 (12.5) 0.528
Nausea/vomiting 3 (7.7) 3 (12.5) 0.528
Constipation 2 (5.1) 1 (4.2) 0.862
Dizziness 0 1 (4.2) 0.725
Headache 1 (2.6) 1 (4.2) 0.725
Skin rash 1 (2.6) 0 0.429
Diarrhea 0 1 (4.2) 0.199

can affect the results of culture, like H. pylori cultured from 

several biopsied samples not accurately representing bacteria 

of the whole stomach and also external factors, including 

incubation conditions, growth media, lack of experienced 

personnel, and examination technique, and thus the results 

of antimicrobial susceptibility testing may not be consis-

tent.41 Genotypic resistance-guided testing is a quick and 

effective assay to determine to which antibiotics H. pylori 

will respond well. Liou et al18 published a study concerning 

genotypic resistance-guided testing as a third-line treatment 

in Taiwan. This method improved the overall eradication rate 

in patients who received clarithromycin-, levofloxacin-, and 

tetracycline-based sequential therapies: 78.9% (15 of 19), 

92.2% (47 of 51), and 71.4% (25 of 35) for strains susceptible 

to clarithromycin, levofloxacin, and tetracycline, respectively. 

The eradication rate is optimal in patients who are receiving 

a levofloxacin-based regimen if the genotype is sensitive to 

levofloxacin. However, in the current study, patients who 

failed to achieve H. pylori eradication after first-line standard 

triple clarithromycin-based therapy and subsequent second-

line levofloxacin-based therapy developed high resistance to 

clarithromycin 79.5% (31 of 39) and levofloxacin 94.9% (37 

of 39). Conversely, amoxicillin- and tetracycline-resistance 

rates were as low as 2.6% (one of 39) and 0. Therefore, 

we used a simple, modified 14-day high-dose quadruple 

therapy with esomeprazole, amoxicillin, metronidazole, and 

tetracycline as the empirical third-line regimen for H. pylori 

eradication for patients who had failed the H. pylori culture 

and refused further endoscopic procedures. There were sev-

eral reasons for the empirical use of this modified quadruple 

empirical therapy. First, the prevalence of tetracycline and 

amoxicillin resistance, even in patients who have failed 

multiple treatments, remains low worldwide.17,27 Our results 

confirmed that the prevalence of tetracycline resistance was 

0 in patients who failed two eradication treatments, with 

an increase from 0 to up to 10% over the course of 5 years 

in our previous report.20 Second, the impact of tetracycline 

and metronidazole resistance regarding eradication rate 

remains controversial.25,28–31 Also, high-dose metronidazole 

was effective for eradication therapy despite a relatively high 

resistance rate. Third, several randomized controlled trials 

have compared two durations of eradication therapy and 

demonstrated that the longer duration is more effective.32,33 

Therefore, we set the third-line treatment course at 14 days.

In this study, PP analysis revealed that culture-guided 

therapy achieved a significantly higher eradication rate 

than empirical therapy (89.7% vs 58.3%, P=0.004). This 

finding suggested that empirical quadruple therapy was not 
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 acceptable as empirical third-line H. pylori eradication. How-

ever, there was no definite factor found in detailed logistic 

regression analysis to predict the successful rate, except for 

the culture-guided vs empirical group (P=0.004). Chen et al 

reported a >90% eradication rate using a bismuth-containing 

quadruple therapy with metronidazole and amoxicillin as an 

alternative to classical bismuth quadruple therapy for third-

line H. pylori rescue therapy.34 At this point, we question why 

a similar regime with different doses and intervals had been 

reported as successful, but they did not use amoxicillin and 

tetracycline concomitantly. The possible explanation for our 

unacceptable empirical therapy report could be partly related 

to a drug–drug interaction between amoxicillin and tetra-

cycline, which exhibits mild in vitro antibiotic resistance.35 

Table 5 Univariate analysis of clinical factors influencing the efficacy of Helicobacter pylori eradication

Eradicated Not eradicated

n % n % Total P-value

Sex Men 18 78.3 5 21.7 23 0.944
Women 31 77.5 9 22.5 40

Age <60 years 25 75.8 8 24.2 33 0.686

≥60 years 24 80.0 6 20.0 30
Smoking No 44 75.9 14 24.1 58 0.460

Yes 5 100.0 0 5
Alcohol consumption No 40 74.1 14 25.9 54 0.083

Yes 9 100.0 0 9
History of peptic ulcers No 25 75.8 8 24.2 33 0.387

Yes 24 80.0 6 20.0 30
Hypertension No 35 76.1 11 23.9 46 0.595

Yes 14 82.4 3 17.6 17
Diabetes mellitus No 40 76.9 12 23.1 52 0.723

Yes 9 81.8 2 18.2 11
Chronic renal failure No 49 79.0 13 21.0 62 0.059

Yes 0 1 100.0 1
Cardiovascular disease No 46 78.0 13 22.0 59 0.890

Yes 3 75.0 1 25.0 4
Chronic hepatitis No 44 78.6 12 21.4 56 0.668

Yes 5 71.4 2 28.6 7
Psychological problems No 47 77.0 14 23.0 61 0.442

Yes 2 100.0 0 2
Hyperthyroidism No 48 77.4 14 22.6 62 0.590

Yes 1 100.0 0 1
Culture vs empirical Empirical 14 58.3 10 41.7 24 0.004

Culture-guided 35 89.7 4 10.3 39
Compliance Complete treatment 49 77.8 14 22.2 63 —

Not complete 0 0 0

Table 6 Multivariate analysis of clinical factors influencing the 
efficacy of Helicobacter pylori eradication

OR (95% CI) P-value

Culture-guided vs empirical 
therapy

0.16 (0.05–0.60) 0.006

The success in Chen et al’s study could have been due to the 

synergy between metronidazole and its hydroxymetabolite 

and between either the analogue or amoxicillin/tetracycline, 

both of which may contribute to the efficacy of both the 

amoxicillin–metronidazole and tetracycline–metronidazole 

combinations.36 It has been proposed that bacteriostatic drugs, 

such as tetracycline, might interfere with the bactericidal 

action of penicillin.37 The bactericidal action inhibits cell-wall 

formation, which is dependent on how quickly the bacteria 

are multiplying. Tetracycline may reduce the effectiveness 

of penicillin, because it is a bacteriostatic antibiotic and 

can inhibit the cellular protein synthesis required for cell 

division. Therefore, susceptibility-guided treatment is still 

recommended as a third-line H. pylori-eradication therapy 

as per the Maastricht V/Florence Consensus Report, because 

the drug–drug interaction alone could not fully explain the 

low eradication rates in the empirical group, as we did not 

know the culture sensitivity in the empirical group at all.

According to Table 3, the large majority of patients enrolled 

in the culture group were amoxicillin- and tetracycline-sen-

sitive, with around 60% being  metronidazole-resistant. Still, 
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bias could have existed, as the empirical group also consisted 

of these three medicines. Nevertheless, we did not know the 

antibiotic resistance in the empirical group. It was possible 

that there could have been more highly resistant strains of H. 

pylori in the empirical group. On the other hand, it was not 

so surprising for the eradication of metronidazole-resistant 

strains, because evidence has shown that metronidazole 

resistance can be overcome by higher doses of metronida-

zole.20,32,33,37,38 A possible explanation was environmental 

changes in oxygen pressure in the stomach, as metronidazole-

resistant H. pylori isolates can become susceptible to metro-

nidazole under low oxygen conditions in vitro.31,39 In Spain, 

Puig et al published a systematic review and meta-analysis on 

therapy based on culture-guided susceptibility.40 They found 

that the eradication rate of H. pylori was only 72%. In our 

study, the eradication rate was near 90%. In real-world prac-

tice, despite the introduction of culture testing and molecular 

genotype resistance after failure of second-line treatment, 

these methods are not routinely available in most medical 

institutions. In this regional study, we noted that if patients 

failed to respond to clarithromycin-based standard triple 

therapy and levofloxacin-based therapy, the strains resistant 

to clarithromycin and levofloxacin were high. Our initial 

hypothesis was that the empirical modified 14-day high-dose 

quadruple therapy with amoxicillin, tetracycline, high-dose 

metronidazole, and esomeprazole could be an alternative 

third-line regimen for H. pylori eradication. Although the 

rate of drug compliance was high and it was easy for patients 

to adhere to treatment, the eradication-success rate did not 

fulfill our expectations.

There were some limitations to this study. First, the study 

sample was small, because large samples for multiple treat-

ment failures are usually difficult to obtain in a single tertiary 

hospital. Second, we could not conduct a randomized trial, 

because we felt that it was not ethical to randomize patients 

with multiple H. pylori-eradication failures and available 

culture-susceptibility results.

Conclusion
Empirical 14-day modified quadruple therapy is not accept-

able as an alternative third-line rescue H. pylori treatment, 

despite the low resistance rates of amoxicillin and tetracy-

cline, including the fact that high-dose metronidazole may 

overcome antibiotic resistance. The success rate of third-line 

susceptibility-guided treatment was near 90%. This report is 

valuable as a reminder to medical practitioners that rather 

than a try-and-see approach, susceptibility-guided treat-

ment should always be considered whenever possible for the 

treatment of similar patients, especially for those who have 

undergone several treatment failures.
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