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The use of bovine lactoferrin (BL) was recently described
by Di Mario et al. [1] as an ‘add-on’ component to the
7-day proton pump inhibitor (PPI), claithromycin,
tinidazole-based triple therapy for Helicobacter pylori
infection. In this preliminary report 74 patients infected
with H. pylori with or without an active ulcer were
randomly assigned to one of three groups: A, patients on
rabeprazole (R), clarithromycin (C) and tinidazole (T),
plus BL; B, RCT for 7 days; and C, RCT for 10 days. The
eradication rates were: A, 100% (24 / 24); B, 76.9% (20 /
26); and C, 70.8% (17 / 24). A significant difference was
found between groups A and B ( p50.023) and between
groups A and C ( p50.022). Results of the complete trial,
now in 150 patients, have become available and are
reported in this issue of the journal [2]. On an ‘intention to
treat’ basis, the results continue to show that BL significantly improves eradication efficacy of PPI triple
therapy. Group A achieved 92% (47 / 51) eradication
efficacy while groups B and C reached only 71% (37 / 52)
and 70% (33 / 47) eradication rates, respectively. Eradication was significantly higher in group A compared with the
other groups ( p50.01). Adverse events were similar
among all three groups suggesting that BL at a dose of 200
mg bid is relatively safe and free of side-effects.
These are interesting early results which will need to be
reproduced in other populations with differing H. pylori
anti-microbial sensitivity profiles. In this Italian population, primary clarithromycin resistance is in the order of
2% compared with 10% in the USA [3] and over 15% in
parts of Australia [4]. Eradication may be dependent upon
primary anti-microbial resistance and results from one
population group may not apply to another. Conversely, in
countries with high or rising clarithromycin resistance,
studying the effect of BL on eradication rates is particularly important because coupling BL with standard PPI
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triple therapy may help offset the progressively sagging
eradication rates. Of even greater interest may be a clinical
study to determine whether simultaneous use of BL with
the PPI triple therapy could significantly inhibit the
development of clarithromycin resistance during treatment.
Such a trial would necessitate the determination of de-novo
and post treatment H. pylori anti-microbial sensitivities;
the lack of such a determination is a major limitation of the
current study.
What mechanisms might be influencing the improved
efficacy of triple therapy when combined with BL? There
are abundant animal studies and a growing number of
human studies suggesting that lactoferrin possesses multiple functions (Table 1). Lactoferrin is a siderophilin,
comprising a single polypeptide chain folded into two
lobes with a molecular weight of 90,000 Da [5]. The
structure contains two fucose residues and several Nacetyl-D-glucosamine residues. It is an iron-binding
glycoprotein found in human and bovine milk and in other
external secretions such as tears [6]. It makes up |0.5–1%
or less of whey protein derived from cows milk, whereas
human milk may contain up to 15% [5,6]. Its in vitro
anti-microbial activity, iron binding related antibiotic
activity, immuno-modulatory actions, and antioxidant effects appear to be but a few of the many characteristics
attributed to BL which could be responsible for its
synergistic effect with PPI triple therapy [1,2,5,6]. Hence,
BL appears ideally suited as an adjuvant therapy on
Table 1
Summary of potential anti-H. pylori effects of BL
Effect

Reference

Anti microbial against H. pylori
Antimicrobial effect via sequestering iron from H. pylori
Immuno-modulatory activity
Antioxidant effects
Anti-adhesin activity
Mediates membrane damage and other cell wall effects
Macrophage lymphocytes protectant

[13]
[14–16]
[14,15,17,18]
[19,20]
[21]
[22–26]
[5]
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account of its many actions which may contribute to H.
pylori eradication when combined with antibiotics, and
because it is more likely to gain widespread acceptability
due to its natural origins from milk.
At a time when metronidazole resistance is high,
clarithromycin resistance is rising in many parts of the
world, and H. pylori eradication failure is an increasing
clinical problem [4,7–9], we need to focus on adjuvant
therapies that can improve eradication rates. Among other
adjuvants that may be of use are pronase [10] and gum
mastic [11]. Pronase is a protease capable of causing
extensive degradation of mucins, reducing mucus viscosity, and depleting gastric mucus. In a single study, pronase
has been shown to improve the eradication rate of PPI
triple therapy significantly from 76.5 to 94% ( p50.004)
[10]. Its mechanism of action differs from that of BL in
that it does not act directly against H. pylori but rather
appears to facilitate a more effective delivery of antibiotic
agents by acting on the gastric mucus layer. Gum mastic is
a natural resin derived from the Pistacia lentiscus tree and
is used as a food additive in Mediterranean countries. It
has been shown to have antibacterial properties against H.
pylori capable of killing or at least inhibiting bacterial
growth [11]. Apart from identifying such novel adjuvants
for H. pylori eradication, we also need to find clever ways
of combining them in the best possible manner for use
with antibiotic protocols to enhance efficacy, as it appears
that we are frequently treating Helicobacter infection with
varying sensitivities within the same gastric mucosa [12].
In summary, ‘milking ulcers’ may not be such a farfetched idea. After all, lactoferrin is of bovine origin and
appears to be a valuable additive to PPI triple therapy to
reduce eradication failure. Results of further studies are
awaited, not just with BL, but also with pronase, gum
mastic, and other adjuvants. In such trials where possible,
anti-microbial resistance will need to be determined prior
to treatment in all patients, especially in those who have
experienced eradication failure, to determine which add-on
therapies might inhibit the development of antibiotic
resistance. Furthermore, such adjuvant therapies should
find their way into rescue or salvage protocols for patients
with repeated eradication failure [9].

Conflict of interest statement
None declared.

List of abbreviations
BL, bovine lactoferrin; C, clarithromycin; PPI,
proton pump inhibitor; R, rabeprazole; T, tinidazole.

References
[1] Di Mario F, Aragona G, Dal Bo N, Cavestro GM, Cavallaro L, Iori
V, et al. Use of bovine lactoferrin for Helicobacter pylori eradication: preliminary results. J Clin Gastroenterol 2003;36:396–8.
[2] Di Mario F, Aragona G, Dal Bo N, Cavestro GM, Cavallaro L, Iori
V, et al. Use of bovine lactoferrin for Helicobacter pylori eradication. Dig Liver Dis 2003;35:706–10.
[3] Meyer JM, Silliman NP, Wang W, et al. Risk factors for Helicobacter pylori resistance in the United States. The Surveillance of H.
pylori Antimicrobial Resistance Partnership (SHARP) study, 1993–
1999. Ann Intern Med 2002;136:13–24.
[4] Mitchell HM, Brusentsev S, Hazell SL, Borody T, Daskalopoulos G,
Bradbear R. A high level of primary resistance to metronidazole and
clarithromycin in previously untreated symptomatic patients presenting for endoscopy in Australia. Gut 2000;47(Suppl 1):A107.
[5] Brock J. Lactoferrin: a multifunctional immunoregulatory protein?
Immunol Today 1995;16:417–9.
[6] Singleton P, Sainsbury D. Dictionary of microbiology and molecular
biology, 2nd ed. New York: Wiley; 1993.
[7] de Boer WA, Borody TJ. Treatment failures and secondary resistance to antibiotics—a growing concern in H. pylori therapy. Dig
Liver Dis 2000;32:673–5.
[8] Borody TJ, Shortis NP, Reyes E. Eradication therapies for
Helicobacter pylori. J Gastroenterol 1998;33(Suppl X):53–6.
[9] Borody TJ. Helicobacter pylori eradication failure—‘salvage’
therapies needed. Ital J Gastroenterol Hepatol 1998;30:375–7.
[10] Gotoh A, Akamatsu T, Shimizu T, Shimodaira K, Kaneko T,
Kiyosawa K, et al. Additive effect of Pronase on the efficacy of
eradication therapy against Helicobacter pylori. Helicobacter
2002;7:183–91.
[11] Huwez FU, Cockayne A, Ala’Aldeen DAA. Mastic gum kills
Helicobacter pylori. N Engl J Med 1998;339:1946.
[12] Borody TJ, Clancy R, Warren EF, Surace R, Brusentsev S, Mitchell
H. Antibiotic sensitivities of Helicobacter pylori vary at different
gastric mucosal sites. In: Hunt RH, Tygat RNJ (editors). Helicobacter pylori basic mechanisms to clinical cure 2002. Dordrecht:
Kluwer; 2003 pp. 373–81
[13] Dial EJ, Hall LR, Serna H, Romero JJ, Fox JG, Lichtenberger LM.
Antibiotic properties of bovine lactoferrin in the host infected with
Helicobacter pylori. Dig Dis Sci 1998;43:2750–6.
[14] Levay P, Viljoen M. Lactoferrin: a general review. Haematologica
1995;80:252–67.
[15] Sanchez L, Calvo M, Brock J. Biological role of lactoferrin. Arch
Dis Child 1992;67:657–61.
[16] Illingworth D, Walter K, Griffiths P, Barclay R. Siderophore
production and iron-regulated envelope proteins of Helicobacter
pylori. Zentralbl Bakteriol 1993;280:113–9.
[17] Singh PK, Parsek MR, Greenberg EP, Welsh MJ. A component of
innate immunity prevents bacterial biofilm development. Nature
2002;417:552–5.
[18] Lee JM, Breslin NP, Hyde DK, Buckley MJ, O’Morain CA.
Treatment options for Helicobacter pylori infection when proton
pump inhibitor-based triple therapy fails in clinical practice. Aliment
Pharmacol Ther 1999;13:489–96.
[19] Baldwin DA, Jenny ER, Aisen P. The effect of human serum
transferrin and milk lactoferrin on hydroxyl radical formation from
superoxide and hydrogen peroxide. J Biol Chem 1984;259:13391–4.
[20] Gutteridge JM, Paterson SK, Segal AW, Halliwell B. Inhibition of
lipid peroxidation by the iron-binding protein lactoferrin. Biochem J
1981;199:259–61.
[21] Wada T, Aiba Y, Shimizu K, Takagi A, Miwa T, Koga Y. The
therapeutic effect of bovine lactoferrin in the host infected with
Helicobacter pylori. Scand J Gastroenterol 1999;34:238–43.
[22] Jeremy B. Lactoferrin: a multifunctional immunoregulatory protein?
Immunol Today 1995;16:417–9.
[23] Mann DM, Romm E, Migliorini M. Delineation of the glycosamino-

T. J. Borody, O. Ashman / Digestive and Liver Disease 35 (2003) 691–693
glycan-binding site in the human inflammatory response protein
lactoferrin. J Biol Chem 1994;269:23661–7.
[24] Zhang GH, Mann DM, Tsau CM. Neutralization of endotoxin in
vitro and in vivo by a human lactoferrin-derived peptide. Infect
Immun 1999;67:1353–8.

693

[25] Cole AM, Dewan P, Ganz T. Innate antimicrobial activity of nasal
secretions. Infect Immun 1999;67:3267–75.
[26] Jones EM, Smart A, Bloomberg G, Burgess L, Millar MR. Lactoferrin: a new antimicrobial peptide. J Appl Bacteriol 1994;77:208–
14.

