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SUMMARY

Background: Failures of Helicobacter pylori eradication in

children are common.

Aim: To evaluate the efficacy of amoxicillin, bismuth

subcitrate and omeprazole and nifuratel or furazolidone

for H. pylori eradication in children who failed initial

treatment with a standard triple therapy.

Methods: Seventy-six consecutive H. pylori-positive pae-

diatric out-patients (aged 12–16 years; mean age

13.7 ± 1.4) with chronic abdominal complaints who

had failed one attempt of eradication of H. pylori using

metronidazole-containing triple therapy were enrolled.

It was an open prospective study. Patients were

randomized to receive a 2-week course of bismuth

subcitrate (8 mg/kg/day, q.d.s.), amoxicillin (50 mg/

kg/day, q.d.s.), with either nifuratel (15 mg/kg/day,

q.d.s.) or furazolidone (10 mg/kg/day, q.d.s.), plus

omeprazole (0.5 mg/kg, once daily).

Results: There were 37 patients in the nifuratel group

and 39 in the furazolidone group. Helicobacter pylori was

eradicated in 33 of 37 (89%; 95% CI: 74.5–96.9;

intention-to-treat) in nifuratel group and in 34 of 39

(87%; 95% CI: 72.5–95.7) in furazolidone group,

respectively. Frequency of severe side-effects was greater

with furazolidone (21%) than with nifuratel (3%; P ¼
0.0289).

Conclusions: Nitrofuran-containing therapies consisting

of a proton-pump inhibitor, amoxicillin and bismuth

citrate plus either nifuratel or furazolidone produced

good cure rates even among those who had failed prior

therapy. Nifuratel is preferred because of the lower

frequency of side-effects.

INTRODUCTION

The association between Helicobacter pylori and peptic

ulcer and peptic ulcer recurrence and its complications

in childhood has been well-established.1, 2 Treatment of

H. pylori infection using different combinations of

antimicrobials is considered as the therapy of choice

for prevention of development of serious gastric distur-

bances, associated with persistent H. pylori infection.2–4

A 2-week course of a proton-pump inhibitor (PPI)-

containing triple therapy is widely recommended as the

first-line treatment regimen to treat H. pylori infection in

children.1, 3, 5, 6 The combination of a PPI plus

clarithromycin and either metronidazole or amoxicillin

is the most widely used treatment regimens around the

world. Unfortunately, the widespread use of macrolides

and metronidazole has resulted in an increase in the

prevalence of H. pylori strains resistant to nitroimidaz-

oles and macrolides and an increasing failure rate of this

approach.7 In Russian adults, treatment failures have
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been successfully treated with a nitrofuran (furazoli-

done) containing therapy.8 Furazolidone has also been

widely used for H. pylori infection in China and in South

America with some successful use in the United States.9

The first paediatric experience of nitrofuran-containing

anti-H. pylori triple treatment was reported by Queiroz

et al.10 and its effectiveness has been confirmed locally.11,

12 The primary objective of this study was to evaluate the

efficacy and safety of two combination therapies consist-

ing of a PPI (omeprazole), colloid bismuth citrate, an

antibiotic (amoxicillin) and either nifuratel or furazoli-

done in paediatric patients with chronic H. pylori

infection who had failed one prior treatment. This was a

pilot study with nifuratel administration as second-line

anti-H. pylori quadruple therapy in children. The use of

nifuratel was based on prior Russian multicentre experi-

ence of the treatment of H. pylori with nifuratel-contain-

ing triple therapy (Position of Medical Statement of

Russian Helicobacter pylori Study Group, 2001).

Nifuratel is an old antibiotic. It is a furane-derivative

with a broad antibacterial spectrum of action, including

both Gram-negative and Gram-positive bacterial path-

ogens (including the majority of enteric bacteria), yeast,

Trichomonas, Chlamydia trachomatis and Mycoplasma

spp.13 Nifuratel has safe toxicological profile and is

well-tolerated after repeated oral administrations. It was

judged overall to have superior in vitro antimicrobial

properties to other nitrofurans.14 Moreover, in contrast

with metronidazole, no resistance to nifuratel have been

reported.13

MATERIALS AND METHODS

Patients

During the 18-month period from January 2002 through

June 2003, 76 consecutive paediatric out-patients with

persistent H. pylori infection after standard treatment

were recruited into the study. All were citizens of Russian

Federation and lived at the rural area of Republic of

Bashkortostan. The children referred to the Outpatient’s

Department of Children’s Republican Hospital (Ufa,

Russia) because of persistent abdominal complaints

(recurrent abdominal pain, nausea, vomiting).

Endoscopy and histology

Endoscopy was performed by Olympus GIF XP 20

fiberoptic endoscope (Olympus Optical Co. Ltd, Tokyo,

Japan) after overnight fast and without any prior

medication. During endoscopy, four biopsy samples

(from antrum and body) were obtained to estimate the

gastric inflammation and H. pylori status. Helicobacter

pylori were identified by modified Giemsa and standard

haematoxylin and eosin (H & E) staining techniques.

The endoscope and biopsy forceps were disinfected in

2% glutaraldehyde solution after each use. The score of

gastritis and density of H. pylori gastric mucosa

colonization were determined according to the Mit-

chell’s grading system.15

Study design

It was an open prospective study. Participants were

randomly assigned to receive either 2-week course with

bismuth subcitrate (De-Nol, Yamanouchi, Holland;

8 mg/kg/day, q.d.s.), amoxicillin (Hiconcil, KRKA,

Slovenia; 50 mg/kg/day, q.d.s.), omeprazole (Ultop,

KRKA, Slovenia; 0.5 mg/kg/day, once daily), nifuratel

(Macmiror, Doppel pharmaceutici S.r.l., Italy; 15 mg/

kg/day, q.d.s.), nifuratel A or 2 weeks of the same, with

furazolidone (Dalpharmpreparat, Khabarovsk, Russia;

10 mg/kg/day, q.d.s.) instead of nifuratel (furazolidone

B). Exclusion criteria included allergy to one or more of

the above-listed drugs, severe liver or kidney disease,

favism and use of tricyclic antidepressants or mono-

amine oxidase (MAO) inhibitors, medications contain-

ing phenylpropanolamine, ephedrine or phenylephrine,

use of non-steroidal anti-inflammatory drug (NSAID).9

Randomization was performed using a computer-gen-

erated table of random numbers.

Upper gastrointestinal endoscopy with biopsy was

repeated 4–6 weeks after the completion of the man-

agement period (after the last dose of drug). The criterion

for eradication of H. pylori was the absence of H. pylori in

the follow-up biopsy samples, as demonstrated by

histology. Eradication results were reported as inten-

tion-to-treat (ITT) analysis (all patients who received at

least one dose of medication were included) and per-

protocol (PP) analysis (major protocol violators were

excluded) with 95% confidence intervals (CI). Eradica-

tion failure was defined as positive histology, 4–6 weeks

after the treatment completion. In the present study,

H. pylori antibiotic susceptibility was unknown and

therefore ‘rescue’ regimens were selected empirically.

Written informed consent of all the patients (or their

parents) was enrolled to the study for all procedures.

Verbal and printed instructions were given to the
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patients and their parents. For ethical reasons, no

placebo group was included. The study protocol has

been reviewed and approved by the Ethical Committee

of the Hospital. The choice of treatment regimen was

justified in light of general recommendations of Medical

Statement of Russian Helicobacter pylori Study Group,

2001.

Side-effects

We asked the patients/their parents to describe the

severity of the side-effects. The side-effects were then

classified as mild, if they did not limit usual daily

activities, moderate if they interfered to some extent

with daily activities, and as severe if they prevented the

patients from doing daily activities.

At the end of the therapy, all patients were visited

again for assessment of compliance and side-effects.

Compliance was considered excellent if patients used

>90% of their medications, good ¼ >80% and fair ¼
<80%. Compliance was established by interviewing the

patients and parents in the process of clinical examina-

tion, and only those taking more than 80% of prescribed

medications were considered compliant.16

Statistical analyses

The results are expressed as either mean±s.d. The

significance of difference in categorized data were tested

by the chi-squared test and Fisher’s exact test. For the

both tests, a P-value under 0.05 was considered to have

statistical significance.

RESULTS

This was a single centre pilot study of two different

combination therapies. The study group consisted of 40

males (52.6%) and 36 females (47.4%) age 12–16 years

(mean age 13.7 ± 1.4 years). The nifuratel group

consisted of 37 patients (22 males, 15 females; mean

age ¼ 13.9 ± 1.5 years, range: 12–16) and the furaz-

olidone group consisted of 39 patients (20 males, 19

females; mean age ¼ 13.7 ± 1.4 years, range: 12–15).

The characteristics of the patients’ clinical status and

previous failed treatment regimens before the treatment

are shown in Table 1; the distribution of the studied

variables was similar in both therapeutic groups.

Helicobacter pylori was eradicated in 33 of 37 (89%,

95% CI: 74.5–96.9) either by ITT or PP analyses in the

nifuratel group. In the furazolidone group, the ITT

eradication was achieved in 34 of 39 (87.2%; 95% CI:

72.5–95.7). By PP eradication the cure rate was 34 of

37 (91.9%; 95% CI: 78–98.2). Peptic ulcers were

present in three (3.9%) of the patients entered and were

healed in all. In histological findings, there are no

significant differences between treatment successes and

failures (Table 2).

Compliance was excellent in the majority of the

patients in the both treatments groups (Table 3). The

most common adverse symptoms were trivial com-

plaints such as dark stools, dark urine and blackening of

the tongue (Table 3). Frequency of severe side-effects

was greater with furazolidone (20.5%) than with

nifuratel (2.7%; P ¼ 0.0289). Nausea and anorexia

were observed in less occasions in the nifuratel group

(P ¼ 0.025, and P ¼ 0.0289, respectively). No patient

in the nifuratel group stopped the therapy because of

adverse events. Side-effects in this group were self-

limiting and were tolerable in the majority of the

patients. In nifuratel group one of the patients was

complaining about severe fatigue and anorexia, but he

continued with good compliance. One patient from the

furazolidone group discontinued treatment on day 5

because of excessive nausea, vomiting and fatigue and

was lost to follow-up. One other patient treated with

furazolidone was lost to follow-up due to his refusal to

Table 1. Clinical status of patients in both treatment groups at

entry to the study

Parameter

Nifuratel group

(n ¼ 37)

Furazolidone

group (n ¼ 39)

Complaints

Recurrent abdominal pain 37 39

Epigastric tenderness 14 17

Endoscopy

Gastritis 8 10

Gastroduodenitis 26 28

Gastric ulcer – 1

Duodenal ulcer 2 –

Previous unsuccessful treatment (1–2 weeks)

Regimen OMAz 4 6

Regimen BAM 6 6

Regimen BEM 4 7

Regimen OMC 1 2

Regimen OMA 11 8

Regimen OMB 7 8

Regimen BMC 4 2

B, bismuth salts; A, amoxicillin; M, metronidazole; E, erythromycin; C,

clarithromycin; O, omeprazole; Az, azithromycin.
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undergo control endoscopic investigation and disap-

pearance of abdominal complaints after the treatment

completion.

DISCUSSION

Overall the best treatment regimen for paediatric

patients with H. pylori infection and for those who

have failed at least one course of anti-H. pylori therapy

is unknown. Although current antibiotic regimens

achieve high eradication rates of H. pylori, approxi-

mately 10–20% of patients still remain infected after a

first eradication trial.17 In the western countries among

paediatric gastroenterologists, the most popular treat-

ment is a PPI plus metronidazole and clarithromycin,

because its high efficacy in adult population.1, 5

Unfortunately, this approach is very expensive for most

regions of developing countries and Russia. A bismuth-

containing triple therapy (bismuth, nitroimidazoles,

amoxicillin) remains the gold standard of Russian

paediatricians.18 However, there is an increasing num-

ber of H. pylori strains resistant to nitroimidazoles and

macrolides.8, 19–21

There is a significant difference in the prevalence of

metronidazole primary resistance between western and

developing countries.22 In the developing world,

extremely high prevalence of metronidazole resistance

is mainly related with popular and many years

application of imidazoles in parasitic infestations, dental

and gynaecological infections.7, 19, 23 However, now-

adays there is a tendency that H. pylori metronidazole

and clarithromycin resistance is increasing not only in

developing countries, but in the western globe as well,

probably due to anti-H. pylori treatments.9, 20

So, after standard first-line triple therapy failure Isakov

et al.8 showed that 80% isolates of H. pylori were found

to be resistant to metronidazole. Today, taking into

consideration high rate of metronidazole resistance of

H. pylori, Graham and Graham24 recommended furaz-

olidone and nitrofurantoin as alternative agents to

metronidazole in paediatric practice. Even the standard

triple therapy consisting of bismuth, furazolidone,

amoxicillin can achieve 86% eradication rate.25 Serial

passage in vitro with bismuth salts, furazolidone and

amoxicillin did not result in the selection of H. pylori-

resistant strains.26 All the isolates of H. pylori were

susceptible to furazolidone, indicating that none of the

relapsing infections was caused by resistant organisms.

Table 2. Comparison of histological data

between patients of study groups before and

after treatment

Histological findings

Nifuratel group

(n ¼ 37)

Furazolidone group

(n ¼ 39)

Before

treatment

After

treatment

Before

treatment

After

treatment

Eradication rate – 33 – 34

Chronic antritis 37 29 (4) 38 31 (5)

Chronic body gastritis 15 3 (2) 13 3 (1)

Quiescent (non-active) gastritis 28 29 (4) 32 31 (5)

Active gastritis 9 – 7 –

Lymphoid follicles 11 6 (2) 10 4 (3)

Values within parenthesis represent number of patients after second-line therapy with treat-

ment failure.

Table 3. Course of treatment, treatment results and adverse

effects during treatment

Regimens

Nifuratel

group

(n ¼ 37)

Furazolidone

group

(n ¼ 39)

Statistics

(P-value)

Patients who completed

the study

37 39 >0.05�

Compliance (taken >80%) 37 38 1*

Patients lost to follow-up – 2 0.49*

Adverse effects

Severe side-effects 1 8 0.0289*

Dark stools 37 39 >0.05�
Urine discolouration 37 39 >0.05�
Blackening of tongue 19 22 0.818*

Fatigue 3 10 0.066*

Nausea 2 10 0.025*

Anorexia 1 8 0.0289*

Diarrhoea 1 5 0.2*

Metallic taste – 4 0.11*

Headache – 4 0.11*

Skin rash 1 3 0.615*

Vomiting – 1 1*

* Fisher’s exact test; � Chi-square test.
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In an excellently documented study of Kwon et al.27

among 431 clinical isolates of H. pylori only seven

isolates (1.6%) were resistant to furazolidone and

nitrofurantoin [minimum inhibitory concentration

(MIC) of 4 mg/mL] and 52% from all strains were

resistant to metronidazole. The present study showed

that H. pylori strains with knocked-out rdx A, frx A of fdx

B were still sensitive to nitrofuran preparations. Besides,

DNA electrophoresis indicated that none of the standard

nitrofurans (including furazolidone) caused H. pylori

DNA breakage responsible for metronidazole resist-

ance.28 Furthermore, mutagenic and carcinogenic

effects of furazolidone were not reported in humans

and animals.23 Furazolidone was as effective as clarith-

romycin used as an alternative for metronidazole in

quadruple PPI-containing anti-H. pylori therapy inclu-

ding additionally amoxicillin and bismuth subcitrate (in

the both treatments PP eradication was 90%).29

The nifuratel-containing regimen demonstrated sim-

ilar results (89.2% vs. 87.2%) to the furazolidone-

containing scheme but was clearly superior in terms of

side-effects (1 vs. 8 patients, respectively; P ¼ 0.0289)

suggesting that nifuratel-containing therapy may be

preferable for use in childhood. Obviously, in paediatric

practice, a significant point is safety of prescribed

treatment regimen. In accordance with this fact we

postulate that nifuratel-based therapy can be considered

as a preferable method to cure H. pylori in children. At

the same time, furazolidone is relatively cheaper

alternative to nifuratel in 2-week regimen for H. pylori

eradication. It is generally noted that only some of the

patients experience self-limiting side-effects after triple

bismuth-containing therapy (stool disorders, nausea,

burning sensation on the tongue, bad taste and

others).12, 16, 18 Earlier, we conducted bismuth con-

centration monitoring in blood after treatment comple-

tion; however, we did not observe accumulation of toxic

levels of bismuth.12, 18 Probably, in our study group

side-effects were mainly associated with nitrofurans.

The both treatment regimens containing either furaz-

olidone or nifuratel achieved high eradication rate (over

80% on ITT basis).1 Taking into consideration that

exactly the ITT parameter is the rigorous basis of

efficacy of H. pylori eradication,1 nifuratel-containing

regimen demonstrated slightly better results (89.2% vs.

87.2%) when compared with furazolidone-containing

scheme. The present study were similar to those of

reported from Iran29, 30 and superior to the studies from

Iran in which the H2-blocker, ranitidine, was used

instead of a PPI.23 The earlier obtained experience of

second-line therapy, using a scheme, similar to the

present study, in adult patients with failed prior

eradication, achieved a cure rate of only 79%, which

can be possibly explained by the presence of smokers in

the examined population.31 In their majority, children

are not smokers, which must have predetermined

higher results of eradication.

The above-mentioned paediatric studies on the first-

line H. pylori treatment strategy10–12 recognized furaz-

olidone-containing triple regimens as very effective, no

matter metronidazole, amoxicillin, and furazolidone

(1-week), or bismuth, furazolidone, and amoxicillin

(1–2 weeks) were used. Combination of omeprazole,

clarithromycin and amoxicillin demonstrated 95%

eradication in 2-week course,32 however, in the case

of poor compliance, eradication did not exceed 78% for

the same treatment regimen.33 Short therapy (1-week)

with metronidazole, omeprazole and clarithromycin

demonstrated 67% eradication rate.33 When 1-week

bismuth, metronidazole and clarithromycin triple ther-

apy was used, eradication achieved 95%,34 which is an

indication of some advantage of bismuth salts, allowing

to shorten duration of first-line treatment down to

7 days. Short double therapies nowadays are seldom

used, e.g. 1-week treatment with amoxicillin plus

tinidazole does not exceed 66% eradication.32 A longer,

double treatment with bismuth (4 weeks) and metro-

nidazol (2 weeks), however, brings to better results

(88%).35 Although, we believe that, 4 weeks applica-

tion of bismuth in paediatric practice, definitely, will not

encourage good compliance.

It is well-known that in usual clinical practice, the

assessment of the sensitivity of H. pylori to antibiotics

can be recommended only after failure of the second-

line therapy.36 In connection with the scope of the

present study suggesting a practical approach, the

antibiotic susceptibility tests were not performed. These

tests are very expensive, time-consuming and burden-

some.37 We would like to point out the importance of

our alternative clinical approach to resolution of the

problem of H. pylori treatment failure in the absence of

data of antibiotic susceptibility. We suggest that non-

metronidazole-containing second-line quadruple ther-

apy can be excellent ‘rescue’ combination of choice for

many paediatric patients from the developing world.

In conclusion, we completely agree with the opinion of

Graham and Graham,24 that nitrofuran-based eradica-

tion therapy may be a good alternative, especially in

NITROFURAN THERAPY FOR H. PYLORI IN CHILDREN 885

� 2005 Blackwell Publishing Ltd, Aliment Pharmacol Ther 22, 881–887



regions where metronidazole resistance is a common

condition.
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