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ABSTRACT
Background: Bovine lactoferrin addition to regimens of Helicobacter pylori treatment has been tried, with conflicting results.
Aim: To assess the effect of bovine lactoferrin in addition to the anti-H. pylori treatment.
Methods: We enrolled 400 H. pylori-infected patients who were randomized into 4 equal groups: (A): proton-pump-based triple therapy 
(PpTT) for 2 weeks, (B): sequential therapy for 2 weeks, (C): proton-pump-based triple therapy plus bovine lactoferrin for 2 weeks, and 
(D): sequential therapy plus bovine lactoferrin for 2 weeks.
Results: In the per-protocol analysis, the success in groups A, B, C, and D were 70.3%, 82.8%, 85.6%, and 94.5%, respectively (P < .001). 
The treatment success rate for the sequential therapy plus bovine lactoferrin regimen was significantly higher than that with sequential 
therapy alone (94.5% vs. 82.8%, P = .013). The same applied for proton-pump-based triple therapy (85.6% vs. 70.3%, P = .014). The 
addition of bovine lactoferrin and the presence of endoscopic corpus gastritis were independent predictors for successful eradication 
of H. pylori.
Conclusion: Bovine lactoferrin could hasten the effectiveness of the proton-pump-based triple therapy or sequential therapy for H. 
pylori eradication.
Keywords: Antibiotic resistance, eradication therapy, H. pylori, lactoferrin.

INTRODUCTION AND AIM
Helicobacter pylori (H. pylori) is a Gram-negative curved 
flagellar microorganism that populates the stomach.1 

Helicobacter pylori infection is linked to many upper gas-
trointestinal diseases, including chronic gastritis, peptic 
ulceration, gastric carcinoma, and mucosa-associated 
lymphoid tissue (MALT) lymphoma.2

The elimination of H. pylori is not only an important com-
ponent in the healing of peptic ulcers, it also decreases 
their recurrence, reduces the rate of gastric carcinoma 
recurrence after the early gastric cancer resection, and 
mediates the regression of MALT lymphoma.3

Eradication of H. pylori is currently recommended in 
numerous guidelines for the treatment of all these asso-
ciated diseases.4,5 Proton-pump-based triple therapy 
(PpTT) is the most commonly accepted H. pylori treat-
ment, which consists of a twice-daily proton pump inhib-
itor (PPI), clarithromycin, and amoxicillin/metronidazole 
for 7 days.6

The reported efficacy of PpTT in the extermination of H. 
pylori is 74-76%, but it has dropped considerably. In a 
recent study, the rate of H. pylori eradication by PpTT sig-
nificantly decreased from ~87% prior to 2007 to ~80% 
between 2008 and 2010.7 Therefore, different strategies 
to resolve the treatment failure of PpTT have been sug-
gested. These protocols include the bismuth-based qua-
druple therapy, extension of therapy duration, the use of 
a sequential therapy (ST) composed of 4 drugs [PPI and 
amoxicillin for the first 5 days augmented by a PPI plus 
clarithromycin and metronidazole (or tinidazole) regimen 
for the next 5 days], concurrent therapy, hybrid therapy, 
and the use of new antibiotics (e.g., levofloxacin).8

In the last 2 decades, there has been rising interest in the 
possible role of bovine lactoferrin (bLf) in the treatment 
and detection of different gastrointestinal diseases. As 
a significant factor in the host’s defense against a wide 
variety of bacteria, bLf is a multipurpose iron-binding gly-
coprotein that is found in the milk, body fluids (e.g., saliva, 
tears, bile), pancreatic and seminal fluids, and the granules 
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of the polymorphonuclear leukocytes in humans and 
bovines.9 A few studies have reported the role of bLf as an 
add-on therapy for eradication of H. pylori, with conflict-
ing results.10,11 Therefore, we designed this randomized 
controlled trial to assess the role of bLf as an add-on in 
the treatment regimens to eradicate H. pylori infection, 
either PPTT or ST.

MATERIALS AND METHODS
In a parallel, randomized, controlled, superiority study 
design, we calculated the sample size at a statistical power 
of 0.95, a two-tailed α level of 0.05, and a 20% effect of 
size. Assuming an eradication rate of 75% among the 
non-lactoferrin group based on previous studies,7 the 
calculated size (n = 354) was corrected for an assumed 
5% drop-out (multiplied by 1.11 according to Wittes J.).12 
Therefore, we targeted the inclusion of 400 patients.

Patients with symptoms related to the upper gastrointes-
tinal tract (GIT) and a positive test for H. pylori infection, 
who presented to the gastroenterology and general inter-
nal medicine clinics at our institute were evaluated for 
eligibility (n = 723). The exclusion criteria were the intake 
of PPI, H2-blockers, intake of bismuth-based formulae 
2 weeks preceding and/or antibiotics a month preceding 
the enrollment, active GIT bleeding at the time of H. pylori 
testing, prior eradication treatment, and history of gas-
trectomy. Patients with equivocal H. pylori stool antigen 
(HpSAg) results, patients with advanced liver (Child-Pugh 
class B or C) or renal diseases (glomerular filtration rate 
<60 mL/min/1.73 m2) and any form of malignancy, proven 
clarithromycin or penicillin allergy, and pregnant/lactating 
females were also excluded.

The study was conducted in agreement with the provi-
sions of the Declaration of Helsinki, as revised in 2013, and 
the Good Clinical Practice Guidelines. Informed consent 
was obtained from all participants. The study obtained the 
institutional ethical committee approval (IRB: 0304432), 
and was also registered on the clinicaltrial.gov registry 
with the number: (NCT04445948) (https​://re​giste​r.cli​
nical​trial​s.gov​/prs/​app/t​empla​te/Pr​eview​.vm?e​pmode​

=Edit​&popu​p=tru​e&uid​=U000​4MW7&​ts=3&​sid=S​0009Z​
UI&cx​=-zf8​vdt). Figure 1 shows the CONSORT flow dia-
gram of the study.

The stepwise methodology including patient evaluation, 
H. pylori diagnosis, treatment allocation, and response 
evaluation are shown in Figure 2. The patients were 
expected to have received at least 90% of the treatment 
course to be defined as treatment-compliant. Patients 
were encouraged to report any adverse events during the 
treatment course by directly contacting the study team. 
To ensure compliance to treatment, the patients were 
asked to check against each pill/sachet dose in a pre-
prepared calendar with a daily checklist, and were asked 
to bring the empty medication packages back to us as 
assurance of regular intake.

The primary outcome of the current work was to evalu-
ate the safety as well as the benefit of adding bLf to both 
PpTT as well as ST in improving the eradication rates of 
H. pylori infection.

Statistical Analysis
The sample size was calculated using the G-Power 
software (v. 3.1.9.4, Universität Düsseldorf, Germany). 
Statistical analysis was done using the IBM SPSS soft-
ware package version 26.0 (Armonk, NY: IBM Corp). Our 
analysis was a per-protocol (PP) analysis. Qualitative 
data were described using a number (%) while quanti-
tative data were described using range (minimum and 
maximum), mean, and standard deviation, as appropri-
ate. The normality of data distribution was assessed by 
the Kolmogorov–Smirnov test. A chi-square test was 
used for categorical analysis, for comparison between 
the different groups. The ANOVA test was used to com-
pare between means ± SD of the 4 groups. Univariate 
and multivariate analyses were done to explore predic-
tors of response to treatment. Statistical significance 
was assessed at P < .05. All calculated P values were 
two-tailed.

RESULTS
The study allocation began with 400 patients allocated 
randomly to 4 equal groups, with 100 patients in each 
group. During the study period, 35 (8.75%) patients 
dropped out (13 patients discontinued the treatment, 
11 patients were lost to follow-up, 3 patients withdrew 
from the study, 7 patients had equivocal HpSAg test 
results, and 1 patient died in a road traffic accident) 
(Figure 1).

MAIN POINTS

•	 Bovine lactoferrin (bLf) could significantly improve the effi-
cacy of the proton-pump-based triple therapy (PpTT) or 
sequential therapy (ST) for Helicobacter pylori eradication.

•	 The addition of bLf to H. Pylori regimens is safe, with no 
adverse events or drug-related discontinuation.

https://register.clinicaltrials.gov/prs/app/template/Preview.vm?epmode=Edit&popup=true&uid=U0004MW7&ts=3&sid=S0009ZUI&cx=-zf8vdt
https://register.clinicaltrials.gov/prs/app/template/Preview.vm?epmode=Edit&popup=true&uid=U0004MW7&ts=3&sid=S0009ZUI&cx=-zf8vdt
https://register.clinicaltrials.gov/prs/app/template/Preview.vm?epmode=Edit&popup=true&uid=U0004MW7&ts=3&sid=S0009ZUI&cx=-zf8vdt
https://register.clinicaltrials.gov/prs/app/template/Preview.vm?epmode=Edit&popup=true&uid=U0004MW7&ts=3&sid=S0009ZUI&cx=-zf8vdt
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Per-Protocol Analysis
The study analysis per-protocol (PP) included 365 
patients [group A (n = 91), B (n = 93), C (n = 90), and D 
(n = 91)]. The demographic and baseline clinical data are 
shown in Table 1.

Our groups were matched, as there was no difference in 
terms of age, gender, and clinical data (P > .05).

The most prevalent GIT symptom among all patients was 
dyspepsia (38.9%), followed by epigastric pain (27.4%). 
History of GIT bleeding (melena and/or hematemesis) was 
present in 11.2% of the cases. Endoscopy (and hence, 
RUT) was done for 187 (51.2%) patients.

In the follow-up evaluation of treatment response, 
304 out of 365 (83.3%) patients were negative for the 
HpSAg test. In subgroup analysis, the cure rates in groups 
A, B, C, and D were 70.3%, 82.8%, 85.6%, and 94.5% 
respectively (P < .001).

The eradication rate in the PpTT plus lactoferrin group 
was significantly more than the eradication rate among 
patients who received PpTT alone (85.6% vs. 70.3%, 
P = .014). The cure rate among patients who received ST 
plus lactoferrin was significantly higher compared to the 
rate among those receiving ST alone (94.5% vs. 82.8%, 
P = .013) (Figure 3). It is worth mentioning that we found 
the PpTT plus lactoferrin regimen as effective as the ST 
alone (85.6% vs. 82.8%, P = .61).

Figure 1.  The CONSORT flowchart of the study. GIT, gastrointestinal tract; HpSAg, Helicobacter pylori stool antigen;  
PpTT, proton-pump-based triple therapy; ST, sequential therapy.
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Intention-to-Treat Analysis: (n = 400, 100 Patients 
for Each Group)
In the intention-to-treat analysis (ITT), we considered all 
the allocated patients, and the dropouts were considered 
as cases that failed to respond to treatment. The cure 
rates in groups A, B, C, and D were 64%, 77%, 77%, and 
86% respectively (χ2 = 13.49, P = .004).

The eradication rate among patients who received PpTT 
plus lactoferrin was significantly high in comparison to 
the eradication rate among patients who were treated 
with PpTT alone (77% vs. 64%, P = .04).

The eradication rate among patients who received ST plus 
lactoferrin was higher than that in patients who received 
ST alone (86% vs. 77%). However, this was statistically 
not significant (P = .10).

Regression Analysis
In the univariate and multivariate analyses, the presence 
of corpus gastritis on endoscopy, as well as the addition of 
lactoferrin to H. pylori PpTT or ST were independent pre-
dictors of H. pylori eradication (P < .001, OR = 12.13, 95% 
CI: 3.22-45.68; and P = .001, OR = 2.75, 95% CI: 1.51-5.0 
respectively) (Table 2).

Safety and Adverse Reactions
Most of the side effects that led to treatment discontinu-
ation were observed in 13 patients (3.3%, n = 400). These 
included dizziness (30.8%), headache (23.1%), fatigue 
(30.8%), nausea (61.5%), taste disturbance (53.8%), 
and colonic distension (38.5%) (n = 13). We observed no 
severe or life-threatening adverse reactions or allergic 
manifestations.

Figure 2.  A graphical presentation of the methodological approach of the study. HpSAg, Helicobacter pylori stool antigen; OD, optical 
density; PpTT, proton-pump-based triple therapy; PPI, proton pump inhibitors; ST, sequential therapy.
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DISCUSSION
Optimization of the H. pylori therapy remains a challenge, 
and different clinical studies have tried to provide the opti-
mum lines of treatment to achieve better eradication rates. 

Based on the previously mentioned characteristics of bLf 
and its efficacy against different microorganisms, and with 
the conflicting results of previous studies, we designed the 
current open-label, parallel, randomized clinical study which 
showed a significant rise in the eradication rates of H. pylori 
by adding bLf to either the PpTT or the ST regimens.

In the current study, the PP analysis showed that the addi-
tion of bLf to the PpTT or ST regimens increased the eradi-
cation rate from 70.3% and 82.8% to 85.6% and 94.5%, 
respectively. Besides, bLf significantly increased the eradi-
cation rate of PpTT to be as effective as ST, emphasizing 
the beneficial effects of adding bLf to H. pylori eradication 
therapy. Moreover, the ITT analysis showed a significant 
rise in the eradication rates, from 64% and 77% up to 77%, 
and 86%, respectively. Although this was statistically insig-
nificant for the ST regimen, it seems clinically significant.

The role of bLf alone in H. pylori management among 
humans was documented for the first time in 2003 by 

Table 1.  Comparison Between the 4 Groups Studied, According to Different Baseline Parameters

Parameters
Group A
(n = 91)

Group B
(n = 93)

Group C
(n = 90)

Group D
(n = 91) Test of Sig. P*

Age (Mean ± SD) 42.22 ± 10.47 42.28 ± 10.59 42.71 ± 9.69 42.84± 10.1 F = 0.08 .97

Male, n (%) 54 (59.3%) 50 (53.8%) 49 (54.4%) 40 (44%) χ2 = 4.55 .21

Smokers, n (%) 37 (40.7%) 46 (49.5%) 44 (48.9%) 46 (50.5%) χ2 = 2.26 .52

Clinical symptoms, n (%)

  Dyspepsia 32 (35.2%) 37 (39.8%) 37 (41.1%) 36 (39.6%) χ2 = 0.77 .86

  Epigastric pain 27 (29.7%) 25 (26.9%) 24 (26.7%) 24 (26.3%) χ2 = 0.32 .96

  Heartburn 8 (8.8%) 9 (9.7%) 3 (3.3%) 9 (9.9%) χ2 = 3.6 .31

  Melena 2 (2.2%) 5 (5.4%) 8 (8.9%) 5 (5.4%) χ2 = 3.9 .27

  Hematemesis 4 (4.3%) 5 (5.4%) 8 (8.9%) 4 (4.4%) χ2 = 2.7 .52

  Nausea and vomiting 14 (15.4%) 10 (10.8%) 5 (5.6%) 8 (8.8%) χ2 = 5.0 .17

  Weight loss 2 (2.2%) 1 (1.1%) 2 (2.2%) 3 (3.2%) χ2 = 1.1 .79

  Dysphagia 2 (2.2%) 3 (3.3%) 2 (2.2%) 1 (1.1%) χ2 = 97 .81

  Endoscopic findings n = 47 n = 53 n = 45 n = 42

  Duodenal ulcer 4 (8.5%) 8 (15.1%) 7 (15.6%) 8 (19%) χ2 = 2.12 .55

  Gastric ulcer 6 (12.8%) 3 (5.7%) 1 (2.2%) 2 (4.8%) χ2 = 4.7 .19

  Antral gastritis 17 (36.2%) 17 (32.1%) 15 (33.3%) 14 (33.3%) χ2 = 0.17 .98

  Corpus gastritis 20 (42.6%) 22 (41.5%) 19 (42.2%) 19 (45.2%) χ2 = 0.15 .99

  Pan gastritis 5 (10.6%) 10 (18.9%) 11 (24.4%) 9 (21.4%) χ2 = 3.2 .36

Diagnosis of Helicobacter pylori

  RUT/HpSAg 47/44 53/40 45/45 42/49 χ2 = 2.23 .53
*Statistically significant at P ≤ .05. HpSAg, H. pylori stool antigen; Min, minimum; Max, Maximum; n, number; RUT, rapid urease test; SD, standard deviation;  
χ2, chi-square test; F, F value for ANOVA test.

Figure 3.  Comparisons between different study groups in terms of 
the eradication rates, with their statistical significance. HpSAg, 

Helicobacter pylori stool antigen test; PpTT, proton-pump-based 
triple therapy; ST, sequential therapy.
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Di Mario and colleagues. They demonstrated in a recent 
multicenter study that bLf is an essential adjuvant to a 
one-week triple-combination therapy for H. pylori exter-
mination.13 Moreover, recombinant lactoferrin has been 
found to enhance the efficacy of triple-therapy regimens 
in H. pylori-infected mice. This is following our results. 
However, our study included a larger number of patients 
and compared more than a single regimen.14 Similarly, in 
vitro and in vivo studies have demonstrated an enhanced 
anti-H. pylori role of Lactobacillus acidophilus.15 Bovine 
lactoferrin could increase the response to levofloxacin-
based therapy to 96%.16

In a meta-analysis by Zou et al.,17 bLf was also proved to 
enhance the treatment of H. pylori in the ITT analysis of 
data of 1343 patients in 9 randomized trials. Patients who 
used lactoferrin were also found to experience medica-
tion-related side effects less frequently.

On the contrary, Zullo and colleagues18 reported similarity 
between PpTT and PpTT plus bLf in recent research from 
3 centers. They concluded that there was no increase in 
the efficacy when amoxicillin was added to bLf. The same 
effect was noted with ST plus bLf compared to ST alone. 
It is noteworthy that the only available data about amoxi-
cillin–bLf synergism are based on animal studies.19

The possible mechanisms by which bLf enhances the 
eradication of H. pylori have been addressed in pre-
vious studies. In addition to its immune-modulatory 
effect, it is well known that bLf has both in vivo and 
in  vitro antimicrobial actions (both bactericidal and 
bacteriostatic) against Helicobacter species. Due to its 
iron-binding affinity, bLf also deprives the bacteria of 
iron utilization, with subsequent antibacterial effect. 

Moreover, bLf may also have the ability to make struc-
tural changes in the microbial cell membrane struc-
ture, alter the enzymatic activity, and increase the 
by-products generated by aerobic metabolism, which 
also affect the microbial viability. In addition, bLf exerts 
an effect against the attachment and colonization of 
H.  pylori bacteria in the gastric mucosa, with a subse-
quent reduction in organism number as well as the 
associated inflammatory process.13,20,21

In our study, the ST was more effective than the PpTT, 
a finding that matches previously reported data. The 
eradication rate for PpTT was less than the accepted 
threshold, while ST could be an effective and appropriate 
option for first-line H. pylori abolition therapy.22 However, 
Eisig et al.23 in a double-blind, randomized controlled trial 
concluded that PpTT is as effective as ST.

In our study, we found that the addition of bLf to PpTT 
resulted in an eradication rate similar to ST. Antibiotic 
resistance has been an emerging problem against H. pylori 
treatment. In a systematic review and meta-analysis by 
Savoldi et al.,24 the pooled prevalence of primary clarithro-
mycin and metronidazole resistance in our community 
approaches ~56% and 63%, respectively. The quadruple 
regimen “bismuth-based” is a better alternative when 
clarithromycin and metronidazole resistance rates exist, 
but unfortunately, bismuth is not available in our country. 
This explains the low eradication rates for PpTT, which 
could be overcome by the addition of bLf in our study. 
Based on this result, we postulate that PpTT plus bLf 
would be an effective and cheap initial choice instead of 
the initiation of ST to decrease the emergence of anti-
biotic resistance, and that ST could be kept as a rescue 
solution for difficult cases, especially with the low cost of 
bLf ( ~15$ for a 14-day course).

Table 2.  Univariate and Multivariate Analyses for Predictors of Response to Helicobacter pylori Therapy

Parameters

Univariate Analysis Multivariate Analysis

P 95% CI P OR 95% CI

Gender .44 0.71-2.16 .11 0.86-4.81

Age .86 0.97-1.02 .22 0.98-1.07

Smoking .21 0.82-2.52 .57 0.32-1.88

Gastric ulcer .12 0.10-1.29 .18 0.12-1.49

Antral gastritis .29 0.30-1.42 .71 0.48-2.84

Corpus gastritis .009 1.38-10.24 <.001 12.13 3.22-45.68

Duodenal ulcer .18 0.62-12.35 .89 - 0.06-1.76

Lactoferrin <.001 1.41-4.86 .001 2.75 1.51-5.0
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In the current study, we used esomeprazole 40 mg as 
a once-daily dose in the 4 groups. Esomeprazole, the 
S-isomer of omeprazole, provides a better acid sup-
pression effect than omeprazole and pantoprazole, with 
proven higher activity against H. pylori.25,26 A single dose 
of 40 mg q.d. of esomeprazole has been found as effec-
tive as a 20 mg b.i.d. dose, with the privilege of better 
compliance for a single daily dose. These data agree with 
our methodology and results.27,28

In the current study, univariate and multivariate analyses 
proved that the addition of lactoferrin to the treatment 
regimens and the presence of corpus-antral gastritis 
by endoscopy were the only independent predictors of 
H. pylori cure. In a previous study by Georgopoulos et al., 
they studied the factors which may influence H. pylori 
treatment outcome. They concluded, in accordance with 
our results, that the presence of corpus gastritis and the 
absence of lymphoid hyperplasia in the gastric wall were 
positive predictors for eradication.29 It has been claimed 
that the presence of body gastritis will decrease gastric 
acid production with subsequent elevation of the pH in 
the stomach, favoring the bactericidal effect of antibiot-
ics.24 However, in our study, we did not evaluate the his-
topathology of the gastric mucosa, a point we consider 
as a limitation. In conclusion, this RCT shows that the 
addition of bLf could significantly enhance the efficacy of 
the PpTT or ST for H. pylori eradication. The PpTT plus bLf 
therapy could be a valid alternative regimen to the stan-
dard H. pylori protocol of treatment.
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