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Objectives: To evaluate the in vitro antimicrobial/antivirulence action of bovine lactoferrin and its ability to syner-
gize with levofloxacin against resistant Helicobacter pylori strains and to analyse the effect of levofloxacin, amoxi-
cillin and esomeprazole with and without bovine lactoferrin as the first-line treatment for H. pylori infection.

Methods: The bovine lactoferrin antimicrobial/antivirulence effect was analysed in vitro by MIC/MBC determin-
ation and twitching motility against six clinical H. pylori strains and a reference strain. The synergism was eval-
uated using the chequerboard assay. The prospective therapeutic trial was carried out on two separate patient
groups, one treated with esomeprazole/amoxicillin/levofloxacin and the other with esomeprazole/amoxicillin/
levofloxacin/bovine lactoferrin. Treatment outcome was determined with the [13C]urea breath test.

Results: In vitro, bovine lactoferrin inhibited the growth of 50% of strains at 10 mg/mL and expressed 50% bac-
tericidal effect at 40 mg/mL. The combination of levofloxacin and bovine lactoferrin displayed a synergistic effect
for all strains, with the best MIC reduction of 16- and 32-fold for levofloxacin and bovine lactoferrin, respectively.
Bovine lactoferrin at one-fourth MIC reduced microbial motility significantly for all strains studied. In the in vivo
study, 6 of 24 patients recruited had treatment failure recorded with esomeprazole/amoxicillin/levofloxacin (75%
success, 95% CI 57.68%–92.32%), and in the group with esomeprazole/amoxicillin/levofloxacin/bovine lactoferrin,
2 out of 53 patients recruited had failure recorded (96.07% success, 95% CI 90.62%–101.38%).

Conclusions: Bovine lactoferrin can be considered a novel potentiator for restoring susceptibility in resistant H. pylori
strains. Bovine lactoferrin added to a triple therapy in first-line treatment potentiates the therapeutic effect.

Introduction

Helicobacter pylori is involved in the development of chronic gastri-
tis and peptic ulcer disease and has been linked to the pathogen-
esis of gastric lymphoma and gastric cancer; hence it is
recommended that this infection should be cured whenever it is
diagnosed.1–3 Clarithromycin, amoxicillin, metronidazole, tinida-
zole, tetracycline, rifabutin, ampicillin and fluoroquinolones have
been used to treat H. pylori infection.4,5 This bacterial infection,
however, has been shown to be challenging to cure. In fact,
H. pylori may be resistant in various degrees to one or more of the
above-mentioned antibiotics, even in subjects never treated spe-
cifically for the infection, and antibiotic resistance may be a key
factor in treatment failure.6 This alarming phenomenon strongly

supports the need to find novel strategies, such as the inclusion of
an adjuvant aimed at enhancing the effectiveness of drugs com-
monly used in this specific therapy.7

Classical triple therapies with proton pump inhibitors, clarithro-
mycin and amoxicillin or metronidazole are the mainstay of cur-
rent treatment; the increasing resistance to clarithromycin,
however, has reduced their effectiveness, with an eradication rate
of ,80% of treated cases.8,9 A recent consensus report suggests
that a proton pump inhibitor/clarithromycin-containing triple ther-
apy without prior susceptibility testing should be abandoned in
those areas where the clarithromycin resistance rate is .15%.10

Resistance rates vary in different geographical areas and there-
fore the selection of therapeutic regimens needs to be adjusted
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according to the local resistance pattern, if this is known.11–15 In
the region of Abruzzo, the latest data on resistance of H. pylori, iso-
lated from already-treated (once or several times) and never-
treated patients, to amoxicillin, clarithromycin, metronidazole,
levofloxacin, tetracycline and rifabutin are as follows: 1.02%,
72.44%, 34.69%, 42.85%, 2.63% and 1.20%, respectively.16

Consequently, the geographical prevalence of the H. pylori resist-
ance profile should be the basis for the selection of first-line eradi-
cation therapy aimed at avoiding primary failure.17

As an alternative to clarithromycin, many studies have exam-
ined levofloxacin and proton pump inhibitors as a first-line therapy
for eradication of H. pylori infection.18 However, the eradication
rates achieved with first-line levofloxacin-based treatments are not
uniform and contrasting results have been reported.19–21 In regions
of high clarithromycin resistance, bismuth-containing quadruple
therapies are recommended for first-line therapy since bismuth
may help to overcome the antibiotic resistance to clarithromycin
when present.22,23 Bismuth salts, however, are not available in all
countries; it is therefore useful to search for a valid substitute that
may increase the effectiveness of a triple therapy regardless of the
presence of H. pylori resistance to one or more antibiotics.

Recent data have called attention to the potential role of fer-
mented milk and related whey proteins, such as bovine lactoferrin,
as potential candidates for complementary therapy in settings of
high antibiotic resistance or treatment failure.24

Bovine lactoferrin is a glycoprotein with multiple antimicrobial,
antiviral and antifungal properties and it is widely distributed in mu-
cosal secretions, such as saliva, tears and seminal fluid.25 As Ellison
et al.26 reported, the antimicrobial activity of bovine lactoferrin is due
to the sequestering of iron, which is essential for microorganism
growth, and also to a direct action on the outer membrane of Gram-
negative bacteria that interferes with flagellar motility. Bovine lacto-
ferrin has been shown to have antibacterial activity against H. pylori
in vitro27 and in vivo.28 Clinical studies have demonstrated that when
bovine lactoferrin is used as a single drug in H. pylori-positive patients
it is able to reduce the production of urea, suggesting a capacity to
suppress but not eliminate H. pylori colonization.29,30

However, it has not been clarified whether bovine lactoferrin has a
direct bactericidal effect on H. pylori or whether it potentiates the effi-
cacy of a given antibiotic also in the presence of specific resistance.

The aim of this study was 2-fold: firstly to analyse the in vitro
antimicrobial/antivirulence action of bovine lactoferrin alone and
combined with levofloxacin against H. pylori clinical isolates previ-
ously shown to be resistant or MDR; and secondly to evaluate
whether the inclusion of bovine lactoferrin in a triple therapy con-
taining levofloxacin, amoxicillin and a proton pump inhibitor at full
dosage for first-line treatment of H. pylori infection could increase
the eradication rate in a geographical area where H. pylori has been
shown to be resistant to levofloxacin in .40% of tested strains.

Materials and methods

Effect of bovine lactoferrin on clinical H. pylori strains
in vitro

Characterization of antimicrobial susceptibility and
virulence factors

Six H. pylori clinical strains were chosen for experiments. The reference
H. pylori ATCC 43629 strain was included as a control. All strains studied

were tested for their susceptibility profile to nine antibiotics commonly
used in therapy (clarithromycin, metronidazole, ciprofloxacin, levofloxacin,
moxifloxacin, tetracycline, amoxicillin, ampicillin and rifabutin) and for the
main virulence factors.16

Strains were recovered from –80�C and were cultured on non-selective
medium containing Columbia agar base (Oxoid) with 10% (v/v) laked horse
blood plus 1% (v/v) IsoVitalex (BBL, Microbiology System, Milan, Italy) and
incubated in a micro-aerobic environment at 37�C for 3–5 days (GasPak,
Oxoid). The bacterial suspensions were prepared in Brucella Broth (BB)
(Biolife Italiana, Milan, Italy) plus 2% FCS (Biolife), adjusted to an OD600 of
0.2, corresponding to�1.8%107 cfu/mL, and used for the experiments.

For virulence factor genotyping, the genomic DNA was extracted with
the QIAamp DNA Mini Kit (Qiagen, Germany) according to the manufac-
turer’s instructions. The DNA was stored at –20�C until use. PCRs were per-
formed in a 2700 Thermocycler (PE Applied Biosystems) for the analysis of
cagA, iceA1 and vacA s/m/i status according to previous studies by our
group.31,32 The PCR was prepared in a total volume of 25 lL containing
2.5 lL of 10% PCR buffer, 1.5 mM MgCl2, 200 mM (each) deoxynucleotide tri-
phosphates (dNTPs), 2 U of Amplitaq DNA polymerase, 20 mM each primer
(Primm, Milan, Italy) and 50 ng of H. pylori DNA. For the analysis of the cagA
region, primers D008 and R008, which yielded a fragment of 298 bp, were
used. For the analysis of the iceA region, primers iceA1-F and iceA1-R, which
yielded a fragment of 600 bp, were used. For the analysis of the vacA/s re-
gion, primers VA1-F and VA1-R, which yielded a fragment of 259 bp for the
s1 variant and a fragment of 286 bp for the s2 variant, were used. For the
analysis of the vacA/m region, primers VAG-F and VAG-R, which yielded a
fragment of 567 bp for the m1 variant and a fragment of 642 bp for the m2
variant, were used. For the analysis of the vacA/i region, primers VAC-F1,
CR1 and CR2, which yielded a fragment of 426 bp for the i1 variant and a
fragment of 432 bp for the i2 variant, were used.32

The PCR products were examined by electrophoresis in 2% (w/v) agar-
ose gel at 100 V for 30 min. Gels were stained with ethidium bromide and
photographed.

Determination of MIC and MBC of bovine lactoferrin

The in vitro antimicrobial activity of bovine lactoferrin (Sigma–Aldrich) was
assessed by the broth microdilution method according to CLSI guidelines.33

Bovine lactoferrin was diluted to obtain a concentration from 2.5 to
320 mg/mL. MIC values were measured by determining the lowest concen-
tration of bovine lactoferrin needed to inhibit the visible growth of the
microorganisms. The MBC was determined as the lowest concentration of
bovine lactoferrin that gave complete inhibition of colony formation on
plates. Each determination was performed in triplicate.

Chequerboard titration analysis

To understand the in vitro effect/synergism of bovine lactoferrin and levo-
floxacin, the chequerboard titration method was applied to assess the ac-
tivity of the combination of these substances.34 Test tubes containing a
sub-MIC concentration of bovine lactoferrin from 0.31 to 20 mg/mL and
sub-MIC concentration of levofloxacin from 0.03 to 1 mg/L, respectively, in
PBS were prepared and put in 96-well plates for the chequerboard configur-
ation. The overnight bacterial inocula were prepared in BB plus 2% FCS,
refreshed in the same medium and adjusted to OD600 0.12 (�5%106 cfu/mL)
for the experiments. The plates were incubated for 3 days at 37�C under
micro-aerophilic conditions. After incubation, reduction of the OD600

value was evaluated with respect to the controls and cfu/mL values were
determined. The chequerboard test was used as the basis to calculate a frac-
tional inhibitory concentration (FIC) index35 according to the following
formulas: FIC A"MIC A!B/MIC A; FIC B"MIC B!A/MIC B; and FIC
index" FIC A" FIC B. The MIC A!B value is the MIC of compound A in the
presence of compound B, and vice versa for MIC B!A. FIC index values were
interpreted as Odds36 synergy (index �0.5), antagonism (.4.0) and no

Ciccaglione et al.

2 of 9

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/advance-article-abstract/doi/10.1093/jac/dky510/5298195 by U

niversità di C
hieti user on 24 January 2019



interaction (.0.5–4.0). Each determination was performed in triplicate. For
the control, bovine lactoferrin and levofloxacin were also assayed alone.

Motility assay

Motility of H. pylori strains was assayed using semi-solid medium consisting
of BB, sterile 10% FCS, sterile 10% horse blood and 0.4% bacteriological
agar. Ten microlitres was inoculated on the surface of the agar with a sterile
tip. Plates were incubated at 37�C under micro-aerophilic conditions.
Diameters of the spreading H. pylori cells were measured after 7–
10 days.37,38 The statistical significance of differences between diameters
of untreated and treated samples was evaluated using Student’s t-test.
Probability levels of ,0.05 were considered statistically significant.

All data were obtained from three independent experiments performed
at least in triplicate.

Therapeutic trial of bovine lactoferrin in conjunction
with levofloxacin, amoxicillin and a proton pump
inhibitor
This prospective study was performed in two separate groups of patients in
two pilot studies that were carried out simultaneously. One group was
treated with esomeprazole, amoxicillin and levofloxacin (Group A) and the
other group with esomeprazole, amoxicillin, levofloxacin and bovine lacto-
ferrin (Group B).

For this study, 50 subjects were required for each pilot study. An effect-
ive therapy was defined as a PP cure rate of�90% and rates of�80% were
prospectively deemed unacceptable. Initially the plan was to evaluate 30
patients, and the study would have been stopped at any time in each group
during recruitment if �6 patients experienced failure [urea breath test
(UBT) positive], since it became clear that a cure rate of at least 80% would
be impossible to achieve. On the other hand, if at the end of recruitment of
the 30 patients a cure rate .93% was achieved, the study was considered
concluded and no further recruitment was necessary. Otherwise, the study
would continue until 50 patients had completed the study.39

Success was assessed by the [13C]UBT 2 months after the end of
treatment.

Patient selection

From January 2015 to December 2016, of the 92 consecutive UBT H. pylori-
positive patients never treated for the infection, 77 were included in the
study. The UBT was performed with citric acid and 75 mg of [13C]urea within
10 days prior to the start of the study.

All eligible patients agreed to participate in the study. Fifteen patients
were excluded according to the following criteria: age ,18 or .80 years;
treatment with proton pump inhibitors (omeprazole, lansoprazole, panto-
prazole, rabeprazole, esomeprazole), H2 blockers (ranitidine, nizatidine,
cimetidine, famotidine, roxatidine) and/or antibiotics during the 4 weeks
before the study; gastrointestinal malignancy; severe concomitant dis-
eases; and previous gastric surgery. All patients enrolled in the study were
affected by chronic dyspepsia without alarm symptoms. Only patients
.55 years underwent an upper endoscopy before admission to the study.
Patients with active gastric and/or duodenal ulcer or gastric neoplasia were
excluded.39

Patients were randomly assigned to each treatment using a computer-
generated list.

Ethics

Enrolled patients gave informed consent for the study, which was approved
by the Scientific Committee for Human Research of the Department of
Medical Sciences of ‘G. d’Annunzio’ University.

Study protocol

Patients included in Group A were treated with esomeprazole (40 mg
twice daily), amoxicillin (1 g twice daily) and levofloxacin (500 mg twice
daily) and patients included in Group B were treated with the same
drugs and dosage as Group A with the addition of bovine lactoferrin
(200!100 mg/day). Esomeprazole, amoxicillin and levofloxacin were
administered before breakfast and dinner, and bovine lactoferrin, which
expresses its major effect at pH 6.0,40 was given orally 2 h after break-
fast (200 mg) and 2 h after dinner (100 mg), when esomeprazole was
capable of reducing gastric acidity.40 The two groups were treated with
these therapeutic agents for 10 days.

H. pylori eradication was defined as a negative result for the UBT per-
formed at least 8 weeks after the end of treatment with a delta-over-base-
line value�5.

Statistical analysis

Statistical evaluation was carried out using v2 analysis. A P value of �0.05
was considered statistically significant.

Table 1. Antimicrobial susceptibility panel and virulence markers of H. pylori clinical strains

Strain

Antibiotic Genotype

CLR MTZ LVX MXF CIP RFB TET AMP AMX cagA iceA1 vacA

9F/13 S S S S S S S S S ! ! s1m1i1

10A/13 R R R R R S S S S ! # s1m2i1

2A/12 R R R R R S S S S ! ! s1m1i1

10A/11 R S R R R S S S S ! # s1m1i1

11F/11 R S R R R S S S S ! # s1m2i2

3A/13 R S R R R S S S S ! ! s1m2i2

ATCC 43629 S S S S S S S S S ! # s1m1i1

CLR, clarithromycin; MTZ, metronidazole; LVX, levofloxacin; MXF, moxifloxacin; CIP, ciprofloxacin; RFB, rifabutin; TET, tetracycline; AMP, ampicillin; AMX,
amoxicillin; S, susceptible; R, resistant.
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Results

In vitro test of bovine lactoferrin against clinical H.
pylori strains

The antimicrobial susceptibility panel and the main virulence
markers of the H. pylori strains used in the experiments are shown
in Table 1. Five out of six clinical strains displayed a resistance

profile with at least four drug resistances; among them, two clinic-
al strains (H. pylori 10A/13 and H. pylori 2A/12) showed an MDR
profile with resistance to three classes of antibiotics. All detected
strains were cagA!, the iceA1 allelic type was found in three
strains and the main vacA genotype allelic combination was
s1m1i1. No correlation was detected between antibiotic resistance
profiles and virulence markers.
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Figure 1. Chequerboard assays and isobolograms for evaluation of synergism between bovine lactoferrin (BLF) and levofloxacin (LVX) combinations
against H. pylori strains. The calculation of the best BLF and LVX combination and the FIC index is displayed. FIC index values were interpreted as
follows: synergy (FIC index�0.5); antagonism (.4.0); and no interaction (.0.5–4.0). Shading shows visible bacterial growth.

Ciccaglione et al.

4 of 9

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/advance-article-abstract/doi/10.1093/jac/dky510/5298195 by U

niversità di C
hieti user on 24 January 2019



The MICs and MBCs of bovine lactoferrin for H. pylori strains are
shown in Table 2. Specifically, bovine lactoferrin inhibited all strains
tested, with MIC values ranging from 5 to 20 mg/mL and MBC values
ranging from 40 to 160 mg/mL. When bovine lactoferrin was tested
in association with levofloxacin against the H. pylori strains the MIC
values of levofloxacin fell significantly to a range of 0.03–0.25 mg/L,
whereas for bovine lactoferrin the range was 0.31–2.5 mg/mL.
Synergy was detected in all tested strains (FIC index �0.5)
(Figure 1).

The chequerboard model and isobolograms for the combin-
ation of bovine lactoferrin and levofloxacin to define the synergy
and to calculate the FIC index are shown in Figure 1. Synergy (FIC
index �0.5) was detected in all strains tested, with a reduction of
4- to 16-fold in the MIC for levofloxacin. The best combinations of
bovine lactoferrin and levofloxacin for each strain are indicated in
Figure 1. For the H. pylori 11F/11 resistant strain, the FIC value was
0.09, with a reduction in the MICs of bovine lactoferrin and

levofloxacin of 16- and 32-fold, respectively. Antagonism was not
observed.

The loss of H. pylori ATCC 43629 and 2A/12 motility in the pres-
ence of bovine lactoferrin at sub-MIC values is shown in Figure 2.
When treated with bovine lactoferrin at one-fourth and one-
eighth of MICs, all strains studied displayed a smaller diameter of
growth on soft agar in comparison with the untreated strains.
Specifically, the reduction was significant at one-fourth of the MIC
of bovine lactoferrin (P , 0.05).

Therapeutic trial

Patient characteristics are summarized in Table 3. In Group A, after
recruitment of 24 patients who completed the treatment and
returned for follow-up, six failures (UBT positive) were recorded. At
this point recruitment was halted as it was judged to be impossible
to exceed the 80% success rate even if recruitment had continued
up to 30 cases. The cure rate in this group was 75% in ITT and PP
analyses (95% CI 57.68%–92.32%).

In Group B, 30 patients were initially recruited and 28 com-
pleted the study, whereas 2 patients were lost to follow-up. Two
failures (UBT positive) and 26 successful eradications (UBT nega-
tive) were recorded with a success rate in PP analysis of 92.8%.
Since a 93% success rate was not achieved as specified in the
protocol, recruitment continued up to 53 patients (Figure 3). The
final analysis in this group showed that 49 of the 53 patients
recruited showed successful eradication, with a cure rate of
92.45% (95% CI 86.52%–100.38%) by ITT and 49/51 of (96.07%,
95% CI 90.62%–101.38%) by PP analysis.

Untreated

(a) (b) (c)

(a) (b) (c)

1/4 MIC

H. pylori ATCC 43629

H. pylori 2A/12

1/8 MIC

Untreated 1/4 MIC 1/8 MIC

Figure 2. Representative images of sliding motility assay of H. pylori
strains. (a) Control (ATCC 43629, diameter 19+0.3 mm; 2A/12, diameter
21+0.2 mm). (b) Strains cultured for 3 days and exposed to one-fourth
MIC of bovine lactoferrin (BLF) (ATCC 43629, diameter 11+0.1 mm; 2A/12,
diameter 8+0.1 mm). (c) Strains cultured for 3 days and exposed to one-
eighth MIC of BLF (ATCC 43629, diameter 16+0.3 mm; 2A/12, diameter
11+0.1 mm).

Table 2. Antibacterial activity of bovine lactoferrin against H. pylori
strains

Strain MIC (mg/mL) MBC (mg/mL)

9F/13 5 40

10A/13 20 80

2A/12 10 60

10A/11 20 40

11F/11 20 80

3A/13 10 40

ATCC 43629 20 160

Table 3. Summary of study data

Group A Group B

Therapeutic trial: 40 mg ESO, 1000 mg

AMX , 500 mg

LVX (all twice daily)

40 mg ESO, 1000 mg

AMX, 500 mg LVX,

100 mg BLF

(all twice daily)

Number of patients 24 53

Gender, n (%)

female 16 (66.6) 32 (60.3)

male 8 (33.4) 21 (39.7)a

Age, years, mean (range) 48 (23–70) 50 (20–75)a

Smoking habit, n/N (%)

female 9/16 (56.2) 21/32 (65.6)

male 3/8 (37.5) 10/21 (47.6)a

Alcohol use�30 g/week, n/N (%)

female 8/16 (50) 20/32 (62.5)

male 6/8 (75) 16/21 (76.1)a

Dyspepsia, n (%) 24 (100) 53 (100)

Endoscopy, n/N (%) 7/24 (29.1) 16/53 (30.1)a

Gastritis, n/N (%) 4/7 (57.1) 10/16 (62.5)a

Duodenitis, n/N (%) 2/7 (28.5) 5/16 (31.2)a

Oesophagitis (Los Angeles,

grade A), n/N (%)

1/7 (14.2) 3/16 (18.7)a

ESO, esomeprazole; AMX, amoxicillin; LVX, levofloxacin; BLF, bovine
lactoferrin.
aNot significant versus Group A (v2 analysis).
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The v2 analysis of the Group A and Group B eradication rates
showed a significant difference (P"0.0058).

Adverse effects

Adverse events occurred in four patients from Group A (16.6%)
and eight patients from Group B (15.09%) and were represented
by diarrhoea [2 (8.3%) and 3 (5.6%), respectively], abdominal pain
[1 (4.1%) and 3 (5.6%)] and nausea [1 (4.1%) and 2 (3.7%)]. These
adverse effects did not induce a discontinuation of the treatment.

Discussion

This study demonstrates that bovine lactoferrin in vitro inhibits the
growth and motility of H. pylori. When used in combination with
levofloxacin against H. pylori strains resistant to levofloxacin and

other antibiotics, bovine lactoferrin at sub-MIC values restores the
effectiveness of the antibiotic through a synergistic action.

In vivo, bovine lactoferrin achieves a therapeutic gain of 21%
when added to a triple therapy with a proton pump inhibitor, levo-
floxacin and amoxicillin in a group of patients living in a geograph-
ical area where H. pylori resistance to levofloxacin is .40% of
tested strains.

Bovine lactoferrin can improve the potency of traditional anti-
microbial regimens by fighting antimicrobial resistance through
the reduction of flagellar motility and consequently microbial col-
onization. Our data are in line with a recent study that emphasized
an innovative strategy of using natural bioactive substances cap-
able of synergizing with antibiotics and also expressing anti-
virulence activity to combat antibiotic resistance and bacterial
virulence.41

The use of natural compounds combined with antibiotics repre-
sents an important strategy to tackle the antibiotic resistance

Number of patients [13C]UBT
H. pylori positive included in the study: 77

Group A

Esomeprazole 40 mg twice daily + amoxicillin 1 g twice daily +
levofloxacin 500 mg twice daily: for 10 days  

Group B

Esomeprazole 40 mg twice daily + amoxicillin 1 g
twice daily + levofloxacin 500 mg twice daily + bovine
lactoferrin (200 mg + 100 mg/day): for 10 days 

Patients: 24 

UBT negative: 18
UBT positive: 6
Follow-up loss: 0      

Patients: 30 

UBT negative: 27
UBT positive: 1
Follow-up loss: 2

Recruitment continued

Because a 93% eradication rate had
not been reached  Since it became clear that, with 

6 failures recorded, a cure rate 
of >80% would be impossible
to achieve, the recruitment

was stopped

Final recruitment: 53 patients  

UBT negative: 49
UBT positive: 2
Follow-up loss: 2

Recruitment stopped

Figure 3. Flow diagram for eradication of H. pylori.
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phenomenon.42 The synergistic action obtained reduces the MIC
of levofloxacin, restoring the efficacy of the antimicrobial drug .

Bovine lactoferrin could also exert an antimicrobial effect
against H. pylori43 in vitro and in vivo by inhibition of its growth at
pH 6.40 In addition, the antibacterial activity of bovine lactoferrin
may be attributed to its ability to bind iron with great affinity and
prevent its utilization by the bacteria.

The evidence that deferoxamine, another iron chelator, inhibits
H. pylori growth may support this hypothesis.44,45 Additional prop-
erties of bovine lactoferrin that may explain its antibacterial activ-
ity include immune-modulatory activity,46 antioxidant activity47

and a significant inhibitory effect on the in vivo attachment of
H. pylori to the stomach, associated with a reduction in bacterial
number and inflammation.48 It has also been shown that recom-
binant human lactoferrin can bind and disrupt some bacterial cell
membranes,49,50 and when it is co-administered with amoxicillin
against Gram-negative bacteria it increases its efficacy, as found in
animal models. Furthermore, in a recent study Yuan et al.51 exam-
ined the effectiveness of recombinant human lactoferrin isolated
from transgenic goats as a treatment for H. pylori in vitro and
in vivo. For the in vitro experiments, the results revealed that re-
combinant human lactoferrin not only inhibited the growth of
H. pylori, but also suppressed the expression of two major virulence
factors, cagA and vacA.

It has been shown that levofloxacin in combination with amoxi-
cillin and proton pump inhibitors can be an effective regimen for
first-line anti-H. pylori treatment.52,53 In a meta-analysis, it has
been observed that levofloxacin-based first-line therapy and stand-
ard therapy have equivalent efficacy and safety profiles for eradica-
tion of H. pylori.54 However, H. pylori resistance to levofloxacin has
clearly increased in recent years;17,55 this may explain why the triple
therapy that includes this antibiotic has reduced therapeutic effi-
cacy. Bovine lactoferrin has already been shown to possibly potenti-
ate the efficacy of a triple therapy that included antibiotics other
than levofloxacin for the treatment of H. pylori infection. In a study
by de Bortoli et al.,56 the addition of bovine lactoferrin to a triple
therapy with esomeprazole, amoxicillin and clarithromycin
increased the success rate by 16% (ITT and PP analysis). In a similar
study adding bovine lactoferrin to a therapy with rabeprazole,
tinidazole and clarithromycin, Di Mario et al.57 were able to increase
the eradication rate by 21%, with total eradication in 92.2% (ITT
analysis) and 95.2% (PP analysis) of treated cases. In our study the
addition of bovine lactoferrin to a triple therapy that included eso-
meprazole, amoxicillin and levofloxacin for H. pylori infection signifi-
cantly increased the eradication rate compared with that of the
non-supplemented regimen, with a therapeutic gain of 21%.

Since resistance of H. pylori to levofloxacin in our region is pre-
sent in .40% of tested strains it may be hypothesized that bovine
lactoferrin potentiates the effect of levofloxacin, reducing the level
of resistance of the bacterium and thereby increasing the overall
efficacy, as shown in the in vitro study.

In addition, adding bovine lactoferrin to a levofloxacin-based triple
therapy may avoid a levofloxacin preliminary susceptibility test, as it is
when clarithromycin-based treatment is used in geographical areas
with high clarithromycin resistance.10

The limitations of our study include the absence of a preliminary
culture and susceptibility testing since H. pylori resistance to levo-
floxacin is quite high in our region. Moreover, as reviewed by
Gisbert,58 even after culture-guided rescue treatments the lowest

eradication rates were obtained in patients with H. pylori strains
susceptible to all antibiotics, indicating that factors other than
in vitro antibiotic susceptibility, such as biofilm H. pylori production,
may influence eradication rates. However, we believe that the
randomized allocation of patients to the two groups would have
overcome this weakness to some extent.

Therefore, it may be concluded that the 10 day quadruple ther-
apy consisting of esomeprazole, amoxicillin, levofloxacin and bo-
vine lactoferrin can be generally used as the first-line treatment of
H. pylori infection, including those regions where H. pylori expresses
high resistance to fluoroquinolones.
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