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ABSTRACT

Background: The treatment of Hp infection has been the most popular topic of the most at-
tention and research by gastrointestinal disease workers, and the biggest problem in the
treatment of Hp infection is Hp drug resistance to antibiotics, and Hp drug resistance is the
main cause of Hp eradication failure. It is severe for the multidrug resistance of Hp. Objec-
tive: To investigate the changing trend of Helicobacter pylori (Hp) resistance to metroni-
dazole, clarithromycin and amoxicillin in children and adults in Chengdu. Methods: The Hp
strain determined the minimum antibacterial concentration (MIC) from 585 patients with
upper gastrointestinal symptoms, metronidazole, clarithromycin and amoxicillin was meas-
ured by the E-test. Clinically isolated Hp strains were obtained by microaerobic condition
culture as the diagnostic standard. Results: The Hp resistance to metronidazole and cla-
rithromycin in children in Chengdu were: 17.65% (27/153) and 18.06 (78/432) in adults.
The Hp resistance to metronidazole and amoxicillin in children in Chengdu were: 11.76%
(18/153) and 13.19 (57/432) in adults. The Hp resistance to metronidazole, clarithromycin
and amoxicillin in children in Chengdu were: 3.92% (6/153) and 10.41 (45/432) in adults.
There were 76.92% of the strains which were resistant to metronidazole, 24.11% to clarith-
romycin, and 18.46% to amoxicillin. The drug resistance rate of Hp has increased year by
year from 2017 to 2021 year, especially the drug resistance rate of Hp to clarithromycin and
metronidazole has generally increased. Conclusions: The drug resistance rate of Hp has in-
creased year by year from 2017 to 2021 year.

1. BACKGROUND

Helicobacter pylori (Hp) is an important cause of chronic gastritis which is closely related to the in-
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cidence of peptic ulcer. Not only the eradication of Hp can accelerate the healing of peptic ulcer, but also
significantly reduce the recurrence rate of ulcer, so that the ulcer disease is cured. In 1994, the World
Health Organization’s International Cancer Agency (LARC) officially listed Hp as the first carcinogenic
factor [1]. Eradication of Hp reduces the recurrence rate after early gastric cancer surgery [1, 2]. Hp infec-
tion is closely associated with low-grade malignant gastric mucosa-associated lymphoid tissue (MALT)
lymphoma [3-5]. Eradication of Hp reduces lymphoma and even resolves early low-grade malignant B-cell
MALT lymphoma. The treatment of Hp infection has been the most popular topic of the most attention
and research by gastrointestinal disease workers, and the biggest problem in the treatment of Hp infection
is Hp drug resistance to antibiotics [6], and Hp drug resistance is the main cause of Hp eradication failure
[7]. It is severe for the multidrug resistance of Hp.

2. MATERIAL AND METHODS
2.1. Material

The 585 clinically isolated Hp strains were from patients undergoing gastroscopy for upper gastroin-
testinal symptoms from 2017 to 2021 year, including 153 children (mean age: 10 + 5 years) without nulcer
dyspepsia (69 girls and 84 boys) and 432 adults (mean age, 52 *+ 17 years), 144 with nonulcer dyspepsia
and 288 with peptic ulcers (220 males and 212 females). All patients were seen in Chengdu and had no
history of eradication treatment.

2.2. Methods

1) Bacterial culture: using homogenate inoculation, 37°C microaerobic environment, gas extrac-
tion-ventilation method, culture for 3 - 7 d, the isolation effect after 3 d of inoculation was observed, and
the positive patients were subcultured with bacteria.

2) Identification of Hp strains: strain identification by observing the colony morphology, gram stain-
ing, and urease, hydrogen peroxide, and oxidase tests.

3) E-Test: Fresh Hp was collected from 48 to 72 h and diluted to 3 x 10® cfu/ml (1 turbidity), absorb
100 pl of diluted bacterial droplets to 90 mm plate, evenly spread with L rod, dry and place antibiotic con-
taining E-test strip (Biochem) in 37°C microaerobic environment, the minimum antibacterial concentra-
tion (MIC) was read according to the manufacturer’s instructions after 72 h [7, 8].

4) The determine of results: Metronidazole MIC > 8 mg/L, clarithromycin MIC > 1 mg/L, and amox-
icillin MIC > 0.5 mg/L were determined as drug-resistant [9, 10].

5) Statistical methods: To calculate and compare the resistance rate of Hp resistance to different anti-
biotics in different periods, use univariate analysis, }* test and precise probability method to analyze the
relationship between Hp resistance to antibiotics and patient age.

3. RESULTS

3.1. The Resistance to Metronidazole in Hp

The Hp resistance to metronidazole in children in Chengdu were: 78.43% (120/153) and 76.39%
(330/432) in adults. There were 76.92% of the all strains which were resistant to metronidazole. Metroni-
dazole resistance by Hp has significant difference between Children and Adults (P = 0.006) (Table 1).

3.2. The Resistance to Clarithromycin in Hp

The Hp resistance to clarithromycin in children in Chengdu were: 21.56% (33/153) and 25.00%
(1.8/432) in adults. There were 24.11% of the all strains which were resistant to clarithromycin. Clarithro-
mycin resistance by Hp has significant difference between Children and Adults (P = 0.015) (Table 1).

3.3. The Resistance to Amoxicillin in Hp

The Hp resistance to amoxicillin in children in Chengdu were: 15.68% (24/153) and 19.44% (84/432)
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Table 1. Susceptibility patterns of H. pylori strains isolated from the children and adults.

No. (%) of resistant isolates

Antibiotic (s) Children  Adults CI p Total
(n=153) (n=432) (95%) (n=585)
Metronidazole 120 (78.43) 330 (76.39) 0.086 (0.084 - 0.089) 0.006 450 (76.92)
Clarithromycin 33 (21.56) 108 (25) 0.034 (0.030-0.037) 0.015 141 (24.11)
Amoxicillin 24 (15.68) 84 (19.44) 0.101 (0.099 - 0.103) 0.017 108 (18.46)

Metronidazole + clarithromycin 27 (17.65) 78 (18.06) 0.067 (0.063 - 0.071) 0.021 105 (17.94)
Metronidazole + amoxicillin 18 (11.76) 57 (13.19) 0.091 (0.090 - 0.092) 0.004 75 (12.82)

Metronidazole + clarithromycin +
. 6(3.92) 45(10.41) 0.023 (0.021 - 0.024) 0.006 51 (8.71)
amoxicillin

Differences were very significant for any comparison between children and adults.

in adults. Amoxicillin resistance by Hp has significant difference between children and adults (P = 0.017).
There were 18.46% of the all strains which were resistant to amoxicillin (Table 1).

3.4. Multiple Drug Resistance in Hp

The Hp resistance to metronidazole and clarithromycin in children in Chengdu were: 17.65% (27/153)
and 18.06% (78/432) in adults. There were 17.94% of the all strains which were resistant to metronidazole
and clarithromycin. The Hp resistance to metronidazole and amoxicillin in children in Chengdu were:
11.76% (18/153) and 13.19% (57/432) in adults. There were 12.82% of the all strains which were resistant
to metronidazole and amoxicillin. The Hp resistance to metronidazole, clarithromycin and amoxicillin in
children in Chengdu were: 3.92% (6/153) and 10.41% (45/432) in adults. There were 8.71% of the all
strains which were resistant tometronidazole, clarithromycin and amoxicillin. There was very significant
difference in the rate of resistance to any of the three antibiotics tested when we compared children versus
adults (P < 0.05) (Table 1).

3.5. The Trend of the Drug Resistance Rate of Hp

The resistance rates of Hp to metronidazole, clarithromycin and amoxicillin were classified as: 76.67%
(46/60), 10% (6/60) and 13.33% (8/60) to 77.14% (135/175), 27.42% (48/175) and 26.58% (46/175) from
2017-2021 respectively. The mixed resistance to metronidazole and clarithromycin by Hp was 10% (6/60)
to 23.42% (641/175) from 2017 to 2021. The mixed resistance to metronidazole and amoxicillin by Hp was
10% (6/60) to 16.00% (28/175) from 2017 to 2021. The mixed resistance to metronidazole, clarithromycin
and amoxicillin by Hp was 3.33% (2/60) to 12.57% (22/175) from 2017 to 2021. In a word, the drug resis-
tance rate of Hp has increased year by year from 2017 to 2021 year, especially the drug resistance rate of
Hp to clarithromycin and metronidazole has generally increased (Figure 1 and Table 2).

4. DISCUSSION

Helicobacter pylori (Hp) is an important cause of chronic gastritis which is closely related to the in-
cidence of peptic ulcer. Not only the eradication of Hp can accelerate the healing of peptic ulcer, but also
significantly reduce the recurrence rate of ulcer, so that the ulcer disease is cured. In 1994, the World
Health Organization’s International Cancer Agency (LARC) officially listed Hp as the first carcinogenic
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Figure 1. The trend of H. pylori strains resistance. Prevalence of H. pylori strains resistant to amox-
icillin, clarithromycin, and metronidazole isolated in Chengdu City during the period from 2017 to
2021. The numbers of strains studied were 60 in 2017, 90 in 2018, 130 in 2019, 130 in 2020 and 175
in 2021.

Table 2. The yearly rate of resistance during the period from 2017 to 2021.

No. (%) of resistant isolates

Antibiotic (s) 2017 2018 2019 2020 2021
(n =60) (n=90) (n=130) (n=130) (n=175)
Metronidazole 46 (76.67) 70 (77.78) 99 (76.92) 100 (n=77.21) 135 (77.14)
Clarithromycin 6(10)  20(22.22) 32(24.61)  35(26.92) 48 (27.42)
Amoxicillinb 8(13.33) 11(12.22) 11 (8.46) 32(24.61) 46 (26.58)
Metronidazole + clarithromycin 6 (10) 12 (13.33) 22 (16.92) 24 (18.46) 41 (23.42)
Metronidazole + amoxicillin 6(10) 8(n=28.89) 10(7.69) 17 (13.08) 28 (16)

Metronidazole + clarithromycin +
o 2 (3.33) 4 (4.44) 9 (6.92) 14 (10.77) 22 (12.57)
amoxicillin

Resistance to amoxicillin was transient in all cases; it was lost after passage or freezing. Prevalence of AH.
pylori strains resistant to amoxicillin, clarithromycin, and metronidazole isolated in Chengdu City during
the period from 2017 to 2021.

factor [1]. Eradication of Hp reduces the recurrence rate after early gastric cancer surgery [1, 2]. Hp infec-
tion is closely associated with low-grade malignant gastric mucosa-associated lymphoid tissue (MALT)
lymphoma [4, 5]. Eradication of Hp reduces lymphoma and even resolves early low-grade malignant B-cell
MALT lymphoma. The treatment of Hp infection has been the most popular topic of the most attention
and research by gastrointestinal disease workers, and the biggest problem in the treatment of Hp infection
is Hp drug resistance to antibiotics [6], and Hp drug resistance is the main cause of Hp eradication failure
[7]. It is severe for the multidrug resistance of Hp.
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How to avoid the production of Hp-resistant strains is a key topic in the treatment of Hp infection.
Resistance to clarithromycin increased year by year, while resistance to amoxicillin was less frequent. The
reported rates of Hp resistance to metronidazole and clarithromycin vary widely everywhere. The wide-
spread use of clarithromycin in children is a major cause for the increase of Hp resistance. Antiantibiotic
resistance of Hp tends to increase year by year. Perez et al reported that the primary resistance to metro-
nidazole in Hp in Japan has increased from 6.6% from 1997 to 1998 to 12%clarithromycin from 1999 to
2000 and also from 1999 to 15.2%. In Eastern Europe since 1998, Hp primary resistance to metronidazole,
clarithromycin, and amoxicillin reached 37.9%, 9.5%, and 0.9% respectively, and mixed resistance to me-
tronidazole and clarithromycin was 6.1% [9-11]. This study showed that the rate of Hp resistance to me-
tronidazole and clarithromycin was increasing annually in the Chengdu region in China, and also in
mixed Hp resistant strains. 17.94% clarithromycin-resistant Hp strains also concurrent metronidazole re-
sistance, suggesting that Hp resistance to clarithromycin is closely related to metronidazole resistance. In
many places in China, the drug resistance of Helicobacter pylori has increased the trend, the performance
is not the same. Chengdu is not the worst but not the best. Compared with the international situation,
Chinese drug resistance situation is more serious.

However, a significant increase in amoxicillin resistance was also found. Hp resistance to amoxicillin
is increasing year by year, Up to as high as 18.46% in this study. The reasons are as follows: One is the in-
creased attention to H. pylori, with or without H. pylori infection, any gastrointestinal discomfort is felt
caused by H. pylori infection and then use triple or quadruple therapy for anti- H. pylori therapy; Second,
the phenomenon of abusing antibiotics leads to drug resistance under the high pressure of antibiotics;
Third, because the people in Sichuan are very hospitable, like to dine out there and increased odds of
causing H. pyloriinfection. It also increases the chance of infecting drug resistant strains; the fourth is that
the local AH. pylori may have appeared the variation.

The mechanism of Hp resistance to metronidazole is more complex. It is not very clear, however,
most studies believe that mutations in the rdxA gene and the frxA gene are the main cause of Hp to me-
tronidazole resistance [11-13]. Amoroxicillin is one of the drugs most commonly used in clinical practice
to treat Hp infection, but Hp resistance to amoxicillin for 20 years is very rare, with a generally reported
resistance rate of 0% to 5%. In our study, 18.46% of the isolates were drug-resistant.

Metronidazole has been one of the main drugs in Hp eradication therapy due to its high stability and
high activity in the stomach. which is one reason for the rapid increase of Hp to metronidazole resistance
[14-16], clarithromycin is considered the most effective antibiotic in the eradication treatment of Hp not
only for the eradication treatment of Hp but also in other infectious diseases which has also led to the in-
creased rate of antibiotic resistance to Hp [17-19]. At present, the Hp resistance to metronidazole and cla-
rithromycin in Chengdu area is already a common problem and the resistance rate is increasing year by
year. Resistance to amoxicillin also cannot be ignored. We should be paid attention to multiple drug resis-
tance. To avoid the generation of Hp-resistant strains, the indications of Hp eradication should be strictly
grasped to avoid antibiotic abuse. The treatment of Hp infection should be regulated. For conditional
units, drug sensitivity tests can be done before the treatment to choose sensitive drug treatment.

ACKNOWLEDGEMENTS

This project was supported by Sichuan provincial health department.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest regarding the publication of this paper.

REFERENCES

1.  Blaser, M.]. (1997) Ecology of Helicobacter pyloriin the Human Stomach. Journal of Clinical Investigation, 100,
759-762. https://doi.org/10.1172/JC1119588

https://doi.org/10.4236/ns.2022.1412046 521 Natural Science


https://doi.org/10.4236/ns.2022.1412046
https://doi.org/10.1172/JCI119588

10.

11.

12.

13.

14.

15.

16.

17.

Dunn, B.E., Cohen, H. and Blaser, M.]. (1997) Helicobacter pylori. Clinical Microbiology Reviews, 10, 720-741.
https://doi.org/10.1128/CMR.10.4.720

Megraud, F. (1998) Epidemiology and Mechanism of Antibiotic Resistance in Helicobacter pylori. Gastroenter-
ology, 115, 1278-1282. https://doi.org/10.1016/S0016-5085(98)70101-5

Megraud, F., Lehn, N,, Lind, T., Bayerdorffer, E. and O’Morain, C. (1999) Antimicrobial Susceptibility Testing
of Helicobacter pyloriin a Large Multicenter Trial: The MACH 2 Study. Antimicrobial Agents and Chemothe-
rapy, 43, 2747-2752. https://doi.org/10.1128/AAC.43.11.2747

Kato, S., Fujimura, S., Udagawa, H., Shimizu, T., Maisawa, S., Ozawa, K. and Linuma, K. (2002) Antibiotic Re-
sistance of Helicobacter pylori Strains in Japanese Children. Journal of Clinical Microbiology, 40, 649-653.
https://doi.org/10.1128/]JCM.40.2.649-653.2002

Occhialini, A., Urdaci, M., Doucet-Populaire, F., Bebear, C.M., Lamouliatte, H. and Megraud, F. (1997) Macro-
lide Resistance in Helicobacter pylori: Rapid Detection of Point Mutations and Assays of Macrolide Binding to
Ribosomes. Antimicrobial Agents and Chemotherapy, 41, 2724-2728. https://doi.org/10.1128/AAC.41.12.2724

Lee, Y.C., Chiang, T.H., Chou, C.K,, Tu, Y.K,, Liao, W.C., Wu, M.S. and Graham, D.Y. (2016) Association be-
tween Helicobacter pylori Eradication and Gastric Cancer Incidence: A Systematic Review and Meta-Analysis.
Gastroenterology, 150, 1113-1124. https://doi.org/10.1053/j.gastro.2016.01.028

Hulten, K., Gibreel, A., Skold, O. and Engstrand, L. (1997) Macrolide Resistance in Helicobacter pylori: Me-
chanism and Stability in Strains from Clarithromycin-Treated Patients. Antimicrobial Agents and Chemothe-
rapy, 41, 2550-2553. https://doi.org/10.1128/AAC.41.11.2550

Adamu, M.A., Weck, M.N,, Gao, L. and Brenner, H. (2010) Incidence of Chronic Atrophic Gastritis: Systematic
Review and Meta-Analysis of Follow-Up Studies. European Journal of Epidemiology, 25, 439-448.
https://doi.org/10.1007/s10654-010-9482-0

Bontems, P.]J., Devaster, L., Corvaglia, A., Dzsofi, C. and Van der Borre, S. (2001) Twelve Year Observation of
Primary and Secondary Antibiotic-Resistant Helicobacter pylori Strains in Children. The Pediatric Infectious
Disease Journal, 20, 1033-1038. https://doi.org/10.1097/00006454-200111000-00006

Uemura, N., Okamoto, S., Yamamoto, S., Matsumura, N., Yamaguchi, S., Yamakido, M., Taniyama, K., Sasaki,
N. and Schlemper, R.J. (2001) Helicobacter pylori Infection and the Development of Gastric Cancer. 7he New
England Journal of Medicine, 345, 784-789. https://doi.org/10.1056/NEJM0a001999

Chen, H.N., Wang, Z., Li, X. and Zhou, Z.G. (2016) Helicobacter pylori Eradication Cannot Reduce the Risk of
Gastric Cancer in Patients with Intestinal Metaplasia and Dysplasia: Evidence from a Meta-Analysis. Gastric
Cancer, 19, 166-175. https://doi.org/10.1007/s10120-015-0462-7

Vannella, L., Lahner, E., Bordi, C., e al (2011) Reversal of Atrophic Body Gastritis after H. pylori Eradication at
Long-Term Follow-Up. Digestive and Liver Disease, 43, 295-299. https://doi.org/10.1016/j.d1d.2010.10.012

Sugano, K., Tack, J., Kuipers, E.J., et al (2015) Faculty Members of Kyoto Global Consensus Conference. Kyoto
Global Consensus Report on Helicobacter pylori Gastritis. Gut, 64, 1353-1367.
https://doi.org/10.1136/gutjnl-2015-309252

Gisbert, J.P., Molina-Infante, J., Amador, J., et al (2016) IV Spanish Consensus Conference on Helicobacter
pyloriInfection Treatment. Gastroenterology & Hepatology; 39, 697-721.
https://doi.org/10.1016/j.gastre.2016.11.007

Saleem, A., Qasim, A., O’Connor, H.]. and O’Morain, C.A. (2009) Pylera for the Eradication of Helicobacter
pyloriInfection. Expert Review of Anti-Infective Therapy, 7, 793-799. https://doi.org/10.1586/eri.09.55

Dzierzanowska-Fangrat, K.E., Rozynek, P. and Jozwiak, D. (2001) Primary Resistance to Clarithromycin in
Clinical Strains of Helicobacter pylori Isolated from Children in Poland. Infernational Journal of Antimicrobial

https://doi.org/10.4236/ns.2022.1412046 522 Natural Science


https://doi.org/10.4236/ns.2022.1412046
https://doi.org/10.1128/CMR.10.4.720
https://doi.org/10.1016/S0016-5085(98)70101-5
https://doi.org/10.1128/AAC.43.11.2747
https://doi.org/10.1128/JCM.40.2.649-653.2002
https://doi.org/10.1128/AAC.41.12.2724
https://doi.org/10.1053/j.gastro.2016.01.028
https://doi.org/10.1128/AAC.41.11.2550
https://doi.org/10.1007/s10654-010-9482-0
https://doi.org/10.1097/00006454-200111000-00006
https://doi.org/10.1056/NEJMoa001999
https://doi.org/10.1007/s10120-015-0462-7
https://doi.org/10.1016/j.dld.2010.10.012
https://doi.org/10.1136/gutjnl-2015-309252
https://doi.org/10.1016/j.gastre.2016.11.007
https://doi.org/10.1586/eri.09.55

18.

19.

Agents, 18, 387-390. https://doi.org/10.1016/50924-8579(01)00421-6

Yang, Y.J., Yang, Y.M. and Jeng, M.H. (2001) Prevalence and Rapid Identification of Clarithromycin-Resistant
Helicobacter pylorilsolates in Children. The Pediatric Infectious Disease Journal, 20, 662-666.
https://doi.org/10.1097/00006454-200107000-00005

Torres, J.M., Camorlinga-Ponce, G., Pérez-Pérez, A., et al (2001) Increasing Multidrug Resistance in Helico-
bacter pylori Strains Isolated from Children and Adults in Mexico. Journal of Clinical Microbiology, 39,
2677-2680. https://doi.org/10.1128/JCM.39.7.2677-2680.2001

https://doi.org/10.4236/ns.2022.1412046 523 Natural Science


https://doi.org/10.4236/ns.2022.1412046
https://doi.org/10.1016/S0924-8579(01)00421-6
https://doi.org/10.1097/00006454-200107000-00005
https://doi.org/10.1128/JCM.39.7.2677-2680.2001

	The Trend of the Multidrug Resistance of Helicobacter pylori Strains Isolated in Chengdu
	ABSTRACT
	1. BACKGROUND
	2. MATERIAL AND METHODS
	2.1. Material
	2.2. Methods

	3. RESULTS 
	3.1. The Resistance to Metronidazole in Hp
	3.2. The Resistance to Clarithromycin in Hp
	3.3. The Resistance to Amoxicillin in Hp
	3.4. Multiple Drug Resistance in Hp
	3.5. The Trend of the Drug Resistance Rate of Hp

	4. DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	REFERENCES

