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Abstract. - OBIJECTIVE: Antibiotic resis-
tance and poor patient compliance with treat-
ment cause Helicobacter pylori to show in-
creased resistance to typical first-line therapeu-
tic regimens. This study aimed to evaluate the
efficacy of the new nitazoxanide-based treat-
ment regimens for Helicobacter pylori infection
vs. the current metronidazole-based regimens
to address the problem of increasing metroni-
dazole resistance.

PATIENTS AND METHODS: This randomized
clinical trial enrolled 100 patients with Helico-
bacter pylori infection. The patients were ran-
domly assigned to one of two groups: group |
received nitazoxanide-based triple therapy (ni-
tazoxanide, proton pump inhibitor, and clarithro-
mycin) for 14 days, whereas group Il received
standard treatment (metronidazole, omeprazole,
and clarithromycin) for 14 days. On enroliment
and after six weeks of treatment, all patients un-
derwent careful history taking, full clinical ex-
amination, laboratory investigations (complete
blood count, liver and renal function tests), and
Helicobacter pylori stool antigen testing.

RESULTS: Of the patients, 92% in the nitazox-
anide group and 84% in the metronidazole group
recovered from infection, with no statistically
significant difference between the two groups.
Patients in the nitazoxanide group showed a
54% lower risk of resistant infection (odds ratio,
0.5; 95% confidence interval, 0.161-1.555) than
those in the metronidazole group.

CONCLUSIONS: The nitazoxanide-based ther-
apeutic regimen produced higher eradication
rates than the standard treatment. However, the
difference was not substantial in this particular
group of patients.
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Introduction

The gram-negative spirochete Helicobacter
pylori (H. pylori) is the most prevalent cause of
gastritis worldwide'?, with a prevalence of ap-
proximately 50%".

In developing countries, 50% of children are
infected by age 10 years®. Only 10% of patients
have an overt disease; the other 90% have sub-
clinical disease’. In symptomatic Egyptian chil-
dren, the prevalence of infection ranges from
64.6% to 72.4%".

If left untreated, H. pylori infection can dam-
age the gastric mucosa, resulting in chronic gas-
tritis, peptic ulcer, and gastric cancer'. Antibiotic
resistance combined with poor patient compli-
ance with treatment cause H. pylori to show in-
creased resistance to typical first-line therapeutic
regimens’.

The treatment failure rate for H. pylori erad-
ication is approximately 20% in the United
States, whereas it can be as high as 60% in some
countries'®. The drug nitazoxanide (NTZ) has
shown promise as an alternative therapy''. NTZ
is a thiazolide antibiotic with similar microbio-
logical properties to metronidazole (MTZ) but
has fewer adverse effects'”'*. The mechanism
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of action of NTZ is interfering with anaerobic
metabolism'>'%. NTZ also has substantial im-
munomodulation capabilities. Unlike MTZ, is
nonmutagenic for H. pylori and exhibits antivac-
uolating toxin activity'”.

NTZ-based regimens have demonstrated
promising results in H. pylori eradication in
adults, avoiding the problem of drug resistance
that MTZ causes at the same cost'-'*!*°. This
study compared the current MTZ-based regimens
and the new NTZ-based regimens for H. pylori
eradication to solve the problem of resistance in
Egyptian pediatric patients.

Patients and Methods

This randomized double-blinded (caregivers/
participants and investigators) clinical trial en-
rolled 100 patients with H. pylori infection in
the Gastroenterology, Hepatology, and Nutrition
Unit, Department of Pediatrics, Tanta Universi-
ty Hospital, between September 2019 and June
2020.

The sample size was calculated using a prev-
alence rate of at least 65%, the precision of
5%, and a 95% confidence interval (CI) cal-
culated from prior epidemiologic research®.
This study was registered at ClinicalTrials.gov
(NTC04415983) and was approved by the Facul-
ty of Medicine of Tanta University (registration
No. 33611/1/20).

The parents/caregivers signed a documented
consent form. The study included patients with
dyspepsia, hematemesis with or without melena,
chronic epigastric pain, or vomiting and with H.
pylori infection established using a stool antigen
(Ag) test and a histopathologic study of gastric
samples obtained through upper gastrointestinal
tract endoscopy.

This study excluded patients aged >18 years;
those with major illnesses, such as liver cirrhosis,
renal impairment, and previous gastric or duode-
nal surgery or malignancy; those who had pre-
viously received H. pylori treatment; those with
previous failed H. pylori treatment; those who
were receiving medications (e.g., antacids [proton
pump inhibitors (PPIs), H2 receptor antagonists],
anticoagulants, or antibiotics) within 6 weeks be-
fore study enrollment; and those with an allergy
to any of the drugs.

The patients were randomly assigned to one of
two groups: group I received NTZ-based triple
therapy (NTZ, PPI, and clarithromycin) for 14

days, whereas group II received standard treat-
ment (MTZ, omeprazole, and clarithromycin) for
14 days?'?.

Detailed history taking and full clinical examina-
tion were performed. All patients also underwent
abdominal ultrasonography and upper gastroenter-
ology endoscopy (Pentax EG-2990i, 9.8 mm; Pen-
tax, Tokyo, Japan), during which tissue samples
were obtained for evaluations, including histologic
determination of H. pylori infection. Empiric thera-
py was recommended while awaiting histopatholog-
ic confirmation of the hallmark H. pylori findings
of nodularity and erosive or ulcer disease. Complete
blood count, liver function tests, and renal function
tests were performed as laboratory tests. H. pylori
stool Ag testing was performed at the start of the
study and after 6 weeks of treatment.

Stool samples were collected in sterile, clearly
labeled containers and immediately sent to the
laboratory for H. pylori stool Ag testing using
an immune-card test (Epitope Diagnostics Inc)*.
Fresh (within 1 day) stool samples were used for
the test. A vortex mixer homogenized the fecal
sample (100 mg) in 1 mL dilution buffer. Stool
analysis was performed at least 4 weeks after the
end of H. pylori therapy to avoid false-negative H.
pylori stool diagnostic tests caused by the inhibi-
tory effect of PPI on H. pylori.

The patients were considered clinically cured
if they had a negative H. pylori stool Ag test and
were free of symptoms at 6 weeks after starting
treatment. Failure of treatment was defined as
failure to meet any of these endpoints. The care-
givers were interviewed, and empty prescription
containers were recovered to determine patient
compliance.

Statistical Analysis

The Statistical Package for the Social Sciences
(version 21; SPSS Inc., IBM, Armonk, NY, USA)
was used to collect, code, modify, and statistical-
ly analyze the data. Qualitative data are presented
as numbers and percentages, and quantitative
data with a parametric distribution are expressed
as means, standard deviations, and ranges. The
chi-square test was used to compare qualitative
data between two groups, and Fisher’s exact test
was used instead of the chi-square test when the
expected count in any cell was <5. An indepen-
dent #-test compared quantitative data with a
parametric distribution between two groups. The
CI was set at 95%, whereas the acceptable margin
of error was set at 5%. A p-value of <0.05 indicat-
ed statistical significance.
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Results

This study recruited 100 children. In terms
of demographics, clinical presentations, and
endoscopic features, no statistically significant
differences were observed between the study
groups (children who received MTZ triple thera-
py [group I] vs. children who received NTZ triple
therapy [group 11]), as indicated in Table I .

H. pylori stool Ag testing was used to assess the
response of both groups to the treatment regimen.
Cure was achieved in 92% of patients who received
NTZ (group I) and in 84% of patients who received
MTZ (group II). The difference between the two
groups was statistically insignificant. However,
the failure rate was greater in children treated with
MTZ triple therapy (16%) than in children treated
with NTZ triple therapy (8%) (Table II).

Table I. Characteristics of the studied patients.

Patients with clinical failure reported mild gas-
trointestinal symptoms (abdominal discomfort,
nausea, or vomiting). Patients in the NTZ group
had a 54% lower risk of resistant infection (odds
ratio, 0.5; 95% CI, 0.161-1.555) than those in the
MTZ group. A case of resistant H. pylori infec-
tion was avoided for every 13 patients treated
with NTZ for 6 weeks. NTZ-containing thera-
peutic regimens seemed well tolerated, with none
of the patients experiencing any adverse effects.

Discussion

For H. pylori eradication, PPIs combined with
clarithromycin, amoxicillin, and MTZ for 7-14
days have been proven effective’®?’. However, due
to antibiotic resistance’s emergence, the efficacy

Group | Group Il
Variables (n = 50) (n = 50) t p-value
Age, years
Range 5-17 2-17 0.612 0.543
Mean £ SD 10.16 = 3.59 9.52 +3.80
N % N % 7 p-value

Sex
Female 38 76.0 30 60.0 1.471 0.225
Male 12 24.0 20 40.0
Family history
Negative 36 72.0 40 80.0 0.110 0.740
Positive 14 28.0 10 20.0
Clinical presentation
Generalized abdominal pain 12 24.0 20 40.0 1.471 0.225
Epigastric pain 34 68.0 26 52.0 1.333 0.248
Persistent vomiting 20 40.0 10 20.0 2.381 0.123
Dyspepsia 12 24.0 8 16.0 | 0.500 0.480
Hematemesis/melena 14 28.0 16 32.0 0.095 0.758
Occult blood in stool 0 0 4 8.0 2.083 0.149
Generalized abdominal pain 12 24.0 20 40.0 1.471 0.225
Histopathologic and endoscopic findings
Gastritis 3.391 0.183

Mild 26 52.0 20 40.0

Moderate 12 24.0 24 48.0

Severe 12 24.0 6 12.0
Duodenitis 0.439 0.508

Negative 36 72.0 40 80.0

Positive 14 28.0 10 20.0
Others FE 0.495

Fundal ulcer 0 0 2 4.0 0.080 0.773

Hiatus hernia 8 16.0 6 12.0

SD, standard deviation; FE, Fisher’s exact test.
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Table Il. H. pylori eradication rates among the studied patients.

Group | (n = 50)

Group Il (n = 50)

H. pylori stool Ag test after treatment N % N % ¥ p-value
Negative 46 92.0 42 84.0 0.758 0.384
Positive 4 8.0 8 16.0

of these combinations has decreased globally”’.
Rossignol and Cavier?® first described NTZ in
1975. Many researchers®-° have been convinced
about the efficacy of NTZ as a single agent or in
combination with other drugs in empiric pharma-
cologic therapy for H. pylori infection. This may
be because of the observed wide range of activity
and safety of NTZ.

NTZ reduces H. pylori infection through a
variety of mechanisms. It interrupts the pyruvate
ferredoxin oxidoreductase (PFOR) enzyme-de-
pendent electron transfer pathway by targeting
thiamine pyrophosphate (a cofactor of PFOR),
thus impeding pyruvate oxidation and energy
generation and resulting in the organism’s death.
Mutation-based drug resistance can be avoided
through this mechanism. The enzyme systems
nitroreductases and protein disulfide isomerases,
which are crucial factors in anaerobic energy me-
tabolism, are also disrupted by NTZ?.

NTZ was used as a single agent therapy for
H. pylori infection in several trials; however, the
outcomes were poor. In an in vitro study, Yama-
moto et al*> found that NTZ is effective against
MTZ-resistant strains of H. pylori and other
anaerobes. Mégraud et al* reported that NTZ is
a possible option for eradicating H. pylori, with
no cross-resistance to MTZ. However, Guttner et
al?® discovered that although NTZ alone did not
eradicate H. pylori, it may be used in conjunction
with PPI to cure H. pylori infection.

In a multicenter randomized trial, Basu et
al** found that a 7-10-day course of a four-drug
(levofloxacin, omeprazole, NTZ, and doxycycline
[LOAD]) regimen led to a significantly higher
eradication rate of H. pylori than a standard
three-drug (lansoprazole, amoxicillin, and clari-
thromycin) regimen (88.9-90% vs. 73%). Mean-
while, except for abdominal pain, which substan-
tially less frequently occurred with the LOAD
regimen, the adverse event rates were similar
between the two groups.

In other investigations, NTZ was used as a
combined treatment agent with a high eradication
rate. Stuppy® investigated 11 individuals with

previously failed H. pylori therapy and discovered
that NTZ combined with sucralfate eradicated H.
pylori in 82% of the patients. Sharma et al*® used
NTZ in individuals who had failed to respond to
therapy and observed a 77.6% eradication rate.

In patients who failed a classical triple treat-
ment (PPI, clarithromycin, and either amoxicillin
or MTZ for 14 days), Abd-Elsalam et al"* achieved
an 83% H. pylori eradication rate with an NTZ-
based regimen (NTZ, levofloxacin, omeprazole,
and doxycycline for 14 days).

Shehata et al'® found that patients treated with
an NTZ-based regimen had a cure rate of 94.6%
compared with 60.6% for those treated with the
first-line MTZ-based regimen.

Other scholars®” showed NTZ was effective in
a two-drug regimen with a PPI or sucralfate and
a three-drug regimen with a PPI and amoxicillin.

Ahmed et al” recently reported an H. pylori
eradication rate of 90% with moxifloxacin-ome-
prazole-NTZ compared with 62.9% with standard
triple therapy.

Only a few studies on NTZ-based treatment
for H. pylori eradication in children have been
published. Because chronic gastrointestinal
disease in children causes feeding and nutri-
tional issues, it is important to begin treat-
ment as soon as possible?’. Ramos-Soriano and
Black?' evaluated empiric treatment with NTZ
twice daily for 3 days in combination with a
third-generation cephalosporin (cefixime, cef-
tibuten, or cefdinir) and azithromycin for 7-10
days and a PPI for 30 days to treat endoscop-
ically diagnosed H. pylori peptic ulcer and
erosive disease in 111 pediatric patients aged
1-21 years. The cure rate was 89.2%, whereas
10% of the patients had minimal gastrointesti-
nal adverse effects that were classified as mild
to moderate. All 12 patients who had clinical
failures reported mild to moderate abdominal
pain, nausea, or vomiting during the trial peri-
od, and one patient also had a face rash.

The higher cure rates with NTZ-based treat-
ments are dependent on the dose, concurrent
drugs, and treatment duration. The effects of
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NTZ on DNA synthesis in parasites are dose-de-
pendent, although the specific mechanism is un-
certain*. This shows that greater doses are more
effective and have similar H. pylori eradication
effects.

Using a PPI is preferable to reduce infec-
tion-related symptoms and adverse effects from
concomitant medications and increase the pos-
sibility of H. pylori eradication®®. NTZ is a new
alternative drug for H. pylori eradication in chil-
dren because it is well tolerated and synergistic
with other antibiotics, especially in those with
clinically suspected multidrug resistance to MTZ.

The present study was limited by the sin-
gle-center design and the small number of en-
rolled patients. Therefore, larger multicenter in-
vestigations with a larger sample size are needed
to confirm our findings.

Conclusions

The findings of this study suggest that NTZ-
based triple therapy is a viable option for erad-
icating H. pylori infection in Egyptian children
and adolescents. Although no statistically signif-
icant difference in cure rates was found between
patients who received NTZ and those who re-
ceived MTZ, children who received MTZ triple
therapy had a greater failure rate than those who
received NTZ triple therapy. Patients in the NTZ
group had a 54% lower risk of developing a resis-
tant illness than patients in the MTZ group.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
This study was registered at
(NTC04415983).

ClinicalTrials.gov

References

1) Khoder G, Muhammad JS, Mahmoud I, Soliman
SS, Burucoa C. Prevalence of Helicobacter pylori
and its associated factors among healthy asymp-
tomatic residents in the United Arab Emirates.
Pathogens 2019; 8: 44.

2) Chey WD, Wong BC, Gastroenterology PPCotA-
Co. American College of Gastroenterology guide-
line on the management of Helicobacter pylo-
ri infection. Am J Gastroenterol 2007; 102: 1808-
1825.

3136

3) Eshraghian A. Epidemiology of Helicobacter py-
lori infection among the healthy population in
Iran and countries of the Eastern Mediterranean
Region: a systematic review of prevalence and
risk factors. World J. Gastroenterol 2014; 20:
17618.

4) Bardhan PK. Epidemiological features of Heli-
cobacter pylori infection in developing countries.
Clin Infect Dis 1997; 25: 973-978.

5) Testerman TL, Morris J. Beyond the stomach: an
updated view of Helicobacter pylori pathogene-
sis, diagnosis, and treatment. World J Gastroen-
terol 2014; 20: 12781.

6) Mohammad MA, Hussein L, Coward A, Jackson
SJ. Prevalence of Helicobacter pylori infection
among Egyptian children: impact of social back-
ground and effect on growth. Public Health Nutr
2008; 11: 230-236.

7) Abdulgawi K, El-Mahalaway AM, Abdelhameed
A, Abdelwahab AA. Correlation of serum anti-
body titres with invasive methods for rapid detec-
tion of H elicobacter pylori infections in symptom-
atic children. Int J Exp Pathol 2012; 93: 295-304.

8) Galal YS, Ghobrial CM, Labib JR, Abou-Zekri ME.
Helicobacter pylori among symptomatic Egyptian
children: prevalence, risk factors, and effect on
growth. J Egypt Public Health Assoc 2019; 94:
1-8.

9) Savoldi A, Carrara E, Graham DY, Conti M, Tac-
conelli E. Prevalence of antibiotic resistance in
Helicobacter pylori: a systematic review and me-
ta-analysis in World Health Organization regions.
Gastroenterology 2018; 155: 1372-1382.e17.

10) Thung |, Aramin H, Vavinskaya V, Gupta S, Park
J, Crowe S, Valasek M. the global emergence of
Helicobacter pylori antibiotic resistance. Aliment
Pharmacol Ther 2016; 43: 514-533.

11) Lee S, Sneed GT, Brown JN. Treatment of Heli-
cobacter pylori with nitazoxanide-containing reg-
imens: a systematic review. Infect Dis 2020; 52:
381-390.

12) Abaza H, El-Zayadi AR, Kabil SM, Rizk H. Ni-
tazoxanide in the treatment of patients with intes-
tinal protozoan and helminthic infections: a report
on 546 patients in Egypt. Current Therapeutic Re-
search 1998; 59: 116-121.

13) Gilles HM, Hoffman PS. Treatment of intesti-
nal parasitic infections: a review of nitazoxanide.
Trends Parasitol 2002; 18: 95-97.

14) Abd-Elsalam S, Kobtan A, El-Kalla F, Elkhalawa-
ny W, El Nawasany S, Abou Saif S, Yousef M, Ali
LA, Soliman S, Mansour L. A 2-week Nitazoxa-
nide-based quadruple treatment as a rescue ther-
apy for Helicobacter pylori eradication: A single
center experience. Medicine 2016; 95.

15) Parashar UD, Hummelman EG, Bresee JS, Miller
MA, Glass RIl. Global illness and deaths caused
by rotavirus disease in children. Emerg Infect Dis
2003; 9: 565.

16) McColl KE. Zakazenie Helicobacter pylori. N En-
gl J Med 2010; 362: 1597-1604.



Nitazoxanide-based therapeutic regimen as a novel treatment for Helicobacter pylori

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Ahmed AAEA, Amer MZA, Abd EI Hamid MM. A
Novel Three Drug Rigemen (Moxifloxacin—-Ome-
prazole-Nitazoxanide) in Comparison to Tradi-
tional Triple Therapy for Treatment and Eradica-
tion of Naive and Resistant H. Pylori Infection in
Dyspeptic Patients. Egypt. J. Hosp. Med 2019;
77:5167-5172.

Shehata MA, Talaat R, Soliman S, Elmesseri H,
Soliman S, Abd-Elsalam S. Randomized con-
trolled study of a novel triple nitazoxanide (ntz)-
containing therapeutic regimen versus the tradi-
tional regimen for eradication of helicobacter py-
lori infection. Helicobacter 2017; 22: 12395.

O’Morain NR, Dore MP, O’Connor AJ, Gisbert JP,
O’Morain CA. Treatment of h elicobacter pylori in-
fection in 2018. Helicobacter 2018; 23: 12519.

Guttner Y, Windsor HM, Viiala CH, Dusci L, Mar-
shall BJ. Nitazoxanide in treatment of Helico-
bacter pylori: a clinical and in vitro study. Antimi-
crob Agents Chemother 2003; 47: 3780-3783.

Ramos-Soriano AG, Black J. Nitazoxanide use as
part of an empiric multi-drug regimen in treating
children with suspected Helicobacter pylori infec-
tion. Case Rep Gastroenterol 2015; 9: 36-42.

Rajindrajith S, Devanarayana NM, De Silva HJ.
Helicobacter pylori infection in children. Saudi J.
Gastroenterol 2009; 15: 86.

Koletzko S, Jones NL, Goodman KJ, Gold B,
Rowland M, Cadranel S, Chong S, Colletti RB,
Casswall T, Elitsur Y. Evidence-based guidelines
from ESPGHAN and NASPGHAN for Helico-
bacter pylori infection in children. J Pediatr Gas-
troenterol Nutr 2011; 53: 230-243.

Gisbert JP, De La Morena F, Abraira V. Accuracy of
monoclonal stool antigen test for the diagnosis of H.
pylori infection: a systematic review and meta-anal-
ysis. Am. J. Gastroenterol 2006; 101: 1921-1930.

Gisbert J, Gonzalez L, Calvet X, Garcia N, Lépez
T, Roque M, Gabriel R, Pajares J. Proton pump
inhibitor, clarithromycin and either amoxycillin
or nitroimidazole: a meta-analysis of eradication
of Helicobacter pylori. Aliment Pharmacol Ther
2000; 14: 1319-1328.

Laine L, Fennerty MB, Osato M, Sugg J, Suchow-
er L, Probst P, Levine JG. Esomeprazole-based
Helicobacter pylori eradication therapy and the
effect of antibiotic resistance: results of three US
multicenter, double-blind trials. Am J Gastroen-
terol 2000; 95: 3393-3398.

Buta N, Tanih NF, Ndip RN. Increasing trend of
metronidazole resistance in the treatment of He-

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

licobacter pylori infection: A global challenge. Afr
J Biotechnol 2010; 9.

Rossignol JF, Cavier R, New derivatives of 2-ben-
zamido-5-nitro thiazoles. 1976, Google Patents.

Dubreuil L, Houcke |, Mouton Y, Rossignol JF. In
vitro evaluation of activities of nitazoxanide and
tizoxanide against anaerobes and aerobic organ-
isms. Antimicrob Agents Chemother 1996; 40:
2266-2270.

Arya SC. Nitazoxanide as a broad-spectrum an-
tiparasitic agent. J Infect Dis 2002; 185: 1692-
1692.

Siddig DM, Koo HL, Adachi JA, Viola GM. Noro-
virus gastroenteritis successfully treated with ni-
tazoxanide. J Infect 2011; 63: 394-397.

Yamamoto Y, Hakki A, Friedman H, Okubo S,
Shimamura T, Hoffman PS, Rossignol J-F. Ni-
tazoxanide, a nitrothiazolide antiparasitic drug, is
an anti-Helicobacter pylori agent with anti-vacuo-
lating toxin activity. Chemotherapy 1999; 45: 303-
312.

Mégraud F, Occhialini A, Rossignol JF. Nitazox-
anide, a potential drug for eradication of Helico-
bacter pylori with no cross-resistance to metroni-
dazole. Antimicrob Agents Chemother 1998; 42:
2836-2840.

Basu PP, Rayapudi K, Pacana T, Shah NJ, Krish-
naswamy N, Flynn M. A randomized study com-
paring levofloxacin, omeprazole, nitazoxanide,
and doxycycline versus triple therapy for the
eradication of Helicobacter pylori. Am J Gastro-
enterol 2011; 106: 1970.

Stuppy W. Dual Therapy: Nitazoxanide and Su-
cralfate for the Treatment of Helicobacter pylori:
121. The American College of Gastroenterologyl
ACG 2010; 105: S45-S46.

Kumar GR, Murali RB, Kumaran KM, Pugazhend-
hi T, Kumar SJ. Dysphagia in elderly male: A
case report. Indian J Gastroenterol 2010; 29:
A14-A93.

Siddiqui TR, Ahmed W, Arif A, Bibi S, Khan A.
Emerging trends of antimicrobial resistance in
Helicobacter pylori isolates obtained from Pa-
kistani patients: The need for consideration of
amoxicillin and clarithromycin. J Pak Med Assoc
2016; 66: 710-716.

Yuan Y, Ford AC, Khan KJ, Gisbert JP, Forman
D, Leontiadis Gl, Tse F, Calvet X, Fallone C, Fis-
chbach L. Optimum duration of regimens for He-
licobacter pylori eradication. Cochrane Database
Syst Rev 2013.



