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Abstract. The value of bovine colostrum
as a biologic in medicine is documented in
clinical trials and supported by relatively
large databases containing case reports and
anecdotal findings. The main actions include
an antibacterial effect and modulation of the
immune response. The ability of bovine co-
lostrum concentrates (BCC are polyvalent
bovine colostrum concentrates produced
from the colostrums of several 100 cows) to
neutralize lipopolysaccharides, i.e. endotoxins
arising from Gram-negative bacterial patho-
gens and to inhibit enterogenic endotoxemia in
animal models as shown in the last review to
have its counterpart in patient therapy. Clini-
cal trials with BCC provide evidence that oral
application reduces the influx of LPS from
the gut and this appears to be a major mecha-
nism underlying its therapeutic effect in pa-
tients at risk for Gram-negative septic shock;
data from two well-controlled clinical studies
with a total of 100 surgical patients have
shown that the inhibition of intestinal LPS ab-
sorption measured after the application of
BCC not only reduced the LPS levels in the
peripheral blood but also inflammatory pa-
rameters like IL-6 and CRP were found to
be diminished. The usual daily dose of the
commercially available BCC preparation,
Lactobin® (LC1) is 10 —20 g daily, but higher
doses can be used in the majority of patients
because of the low incidence of intolerance
problems. In chronic diarrhea involving se-
vere forms of secondary immunodeficien-
cies, patients receiving LCl were dis-
ease-free for about 4 weeks but the response
may be lower in patients with AIDS. BCC is
effective in infants with hemorrhagic diarrhea
caused by infections with enterohemorrhagic
E. coli and reduces the likelihood of the dis-
ease progressing to a hemolytic uremic syn-
drome. The safety of newer BCC products
obtained from BSE-free regions seems now
beyond contention. In the case of LC1, which
was used as a commercial dietary foodstuffin
Germany until 1992 and tested in three Phase
1 and 5 clinical studies (two trials in patients

with secondary immunodeficiencies, one in
surgical patients with gastrointestinal disor-
ders, one in patients undergoing open heart
surgery and one in pediatric patients with
EHEC infections), there were no cases of
BSE-associated disease such as the new vari-
ant of Creutzfeldt-Jakob disease. Side effects
of clinical relevance are limited to possible
intolerance to lactose and sensitivity to milk
proteins as these are also present in many
commonly used foodstuffs. Important syner-
gistic actions with conventional drug thera-
pies have been observed with BCC including
a reduction in LPS plasma levels in patients
with Gram-negative bacterial infections
treated with bactericidal antibiotics. In
healthy persons there are only small concen-
trations of LPS detectable in peripheral blood
(normal values: 3 — 10 pg/ ml plasma, i.e. ap-
proximately 0.1 EU/ml). In contrast, elevated
systemic levels with concentrations > 300
pg/ml are common in patients with severe
Gram-negative sepsis and septic shock.
Raised LPS levels occur mainly in patients
with Gram-negative bacterial infections who
have been treated with bacteriocidal antibiot-
ics. The LPS-lowering effects of BCC are
probably due to the numerous active compo-
nents present in BCC which have their origin
in the innate humoral and adaptive immune
system of their biologic source, the cow.

Introduction

Bovine colostrum has health-giving prop-
erties but widespread use in therapeutics in
the past was limited because of technical fac-
tors affecting the manufacture such as the
sensitivity of the lipid components in raw
colostrum to oxidation and the need for cool-
ing facilities during storage.

The standardization of the manufacture of
BCC including collection procedures, pool-
ing methods, production of homogenous
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Abbreviations
AIDS acquired immunodeficiency syndrome
AUC area under curve
BCC bovine colostrum concentrate
BSE bovine spongiform encephalopathy
cD14 activa.tilon marker on monocytes, macrophages, neutrophil and
dendritic cells
CNS central nervous system
CRP C-reactive protein
CVID common variable immunodeficiency
E. coli Escherichia coli
EHEC enterohemorrhagic Escherichia coli
espP E. coli secreted protease P
ETEC enterotoxigenic Escherichia coli
ENC endotoxin neutralization capacity
GCP Good Clinical Practice
Gl gastrointestinal tract
GvHD graft versus host disease
HAART highly active antiretroviral therapy
HIV human immunodeficiency virus
HUS hemolytic uremic syndrome
H. pylori Helicobacter pylori
IgG immunoglobulin G
IL-4 interleukin-4
IL- 6 interleukin-6
IL-10 interleukin-10
IVIG polyvalent intravenous immunoglobulin class G
LC1 Lactobin®
LC2N Lactobin N®
LPS lipopolysaccharide
MALT mucosa-associated lymphatic tissue
MOV multiorgan failure
NSAID nonsteroidal anti-inflammatory drug
PAI pathogenicity island
SCIG subcutaneously administered immunoglobulins
SIRS systemic inflammatory response syndrome
stcE secreted protease of C1 esterase inhibitor from EHEC
STEC Shiga toxin-producing E. coli
STx Shiga toxin
TGF-B transforming growth factor 8
TLR4 Toll-like receptor-4
TNF-a tumor necrosis factor a
WR Walter Reed classification

batches and analytical characterization have
been described in Part I of this review [Struff
and Sprotte 2007]. Product homogeneity in
particular is a strict prerequisite for clinical
research including the use of BCC as a dietary
supplement in the case of some groups of crit-
ically ill patients. Reports on hyperimmune

BCC are not dealt with in detail here since
they involve a different type of BCC (utiliza-
tion of a limited number of colostra obtained
from cows vaccinated with various antigens,
e.g. Shigella flexneri, E.coli strains, various
Protozoa, virus strains: see review by Ward et
al. [2005].

Clinical research has involved both pro-
spective and controlled clinical trials and
three reviews have been published summariz-
ing the most important of the earlier clinical
trials with BCC [Davidson 1996, Kelly 2003,
Korhonen et al. 1999]. These studies included
the therapy of diarrhea not responding to
commonly used medication, e.g. in patients
with AIDS, those with severe primary and
secondary immunodeficiencies and in the
treatment of rotavirus infections in infants. A
list of the most important clinical studies car-
ried out using hyperimmune preparations and
polyvalent BCC are shown in Table 1.

Part II of this review deals mainly with
clinical studies carried out with polyvalent
BCC, the pharmacodynamic potential of
which has been tested in animal studies and
appropriate in vitro experiments for review
see [Struff and Sprotte 2007]. A selection of
controlled clinical trials with polyvalent BCC
are listed below and their designs and results
discussed in the following paragraphs.

Clinical indications for BCC
(current options using
polyvalent preparations and
conforming to evidence-based
medicine standards)

Some of the clinical studies with the com-
mercially available BC-concentrate, LC1
(Lactobin®, Biotest Pharma GmbH, Dreieich,
Germany), have been double-blind and pla-
cebo-controlled and based on comprehensive
pharmacodynamic investigations. Consider-
able information is available on the produc-
tion and analysis of this product and it can be
regarded as a prototype biologic for poly-
valent BCC [Lissner etal. 1996, Stephan et al.
1990].

LC1 was developed for clinical use and
was manufactured according to the GMP-
guidelines and the studies have been carried
out according to GCP. However, as precau-
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Table 1. Clinical studies carried out using bovine colostrum concentrates (BCC) since 1970 (ethical indications only).
Indications investigated: Numl;irrglflgjtients Investigators
1. Diarrhea:
1.1. Diarrhea due to bacterial pathogens
EHEC infections (in children) 30 [Huppertz et al. 1999]
Helicobacter pylori (infections in infants) 24 [Casswall et al. 1998]
Shigellosis (in infants) 70 [Ashraf et al. 2001]
Diarrhea due to infections with enterotoxic E. coli (ETEC) (in children) 60 [Mietens et al. 1979]
1.2. Diarrhea due to viral pathogens
Therapy of acute rotaviral infections in children 75 [Hilpert et al. 1987]
Prophylaxis for rotaviral infections in hospitalized children 120 [Davidson et al. 1989]
Therapy of rotaviral infections in infants 75 [Mitra et al. 1995]
Therapy of rotaviral infections in infants 80 [Sarker et al. 1995]
Therapy of rotaviral infections in infants 135 [Ylitalo et al. 1998]
1.3. Diarrhea due to protozoal pathogens
Chronic cryptosporidiosis in AIDS patients 24 [Greenberg and Cello 1996]
Cryptosporidiosis in HIV-infected patients 37 (Subgroup) [Rump et al. 1992]
Cryptosporidiosis in patients with AIDS 21 [Tzipori et al. 1987]
Cryptosporidiosis in HIV-infected patients 5 [Nord et al. 1990]
Cryptosporidiosis in HIV-infected patients 25 [Plettenberg et al. 1993]
2. Neutralization of LPS (enterogenic translocation)
Studies in patients undergoing abdominal surgery 40 [Bolke et al. 2002a]
Studies in patients undergoing cardiac surgery 60 [Bolke et al. 2002b]
3. Therapy of Gl-infections with unknown pathogens
Distal colitis 14 [Khan et al. 2002]
Sjogren’s syndrome 20 [Pedersen et al. 2002]
Diarrhea in AIDS patients 25 [Plettenberg et al. 1993]

tion during the introduction of BSE safety
measures, LC1 was replaced by LC2N
(Lactobin N®, Dr. Wolz GmbH, Geisenheim,
Germany), a colostrum preparation from
New Zealand obtained from BSE-free cattle.
On the other hand, a fingerprint analysis,
based on the content of anti-LPS specificities
per mg IgG indicated that the two prepara-
tions are equivalent [Waaga-Gasser, un-
published observations 2005].

A common finding in Phase II — III clini-
cal studies and the Phase I studies in healthy
volunteers with LC1 was the excellent toler-
ance and in view of the method of manufac-
ture, this characteristic can presumably be ex-
trapolated to LC2N without reservation
[Struff and Sprotte 2007]. Adverse reactions
are absent on repeated application of high
doses and the only contraindications to the

clinical application of BCC known so far are
an intolerance to lactose and hypersensitivity
to bovine milk proteins which disappear on
withdrawal of BCC-treatment.

Use of BCC to treat chronic
recurrent diarrhea in patients
with AIDS and other forms of
secondary immunodeficiencies

Prior to the introduction of the poly-
pragmatic highly active antiretroviral therapy
(HAART), diarrhea and weight loss occurred
in more than 50% of patients with AIDS. In
many patients, the course of this complication
was serious and the prognosis poor. In about
30% of patients, evidence for enteric patho-
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gens was lacking and only about half of those
with identifiable etiologic pathogens causing
diarrhea responded to antibiotics. Therapy of
this disease using oral LC1 (10 g/day for 10
days) was investigated in a multicenter pilot
study in 37 immunodeficiency patients with
chronic diarrhea. Of these patients, 29 were
HIV + WR 4-6 (Walter Reed classification), 2
had common variable immunodeficiency
(CVID), 1 had an immunodeficiency of un-
known etiology and 5 had graft versus host
disease (GvHD) following allogeneic bone
marrow transplantation. A good response, in
some cases with long-lasting normalization
of the diarrhea was obtained in 22 of the 33
treatment periods and only 4 patients with
AIDS were non-responders. The mean daily
stool frequency decreased from 7.4 before
treatment with BCC to 2.2 at the end of the
treatment. A recurrence of diarrhea was ob-
served in 12 patients during the 4-week pe-
riod postdose (41%) but 14 patients were free
of diarrhea for periods longer than 4 weeks
(48%). Intestinal cryptosporidiosis disap-
peared in 4 patients. The treatment was also
successful in 4 of the 5 patients with GvHD
and no serious side effects were recorded in
any of the patients [Rump et al. 1992].

In a subsequent placebo-controlled Phase
I clinical trial in 63 patients with HIV-
infection, these findings could not be con-
firmed. The investigators attributed this to the
introduction of the HAART therapy regimen
given to the patients during the study since it
was observed that this therapy caused marked
changes in the spectrum of intestinal patho-
gens (unpublished report, Biotest Pharma
GmbH, Dreieich, Germany).

BCC in the treatment of
hemorrhagic diarrhea in infants

In a Phase II placebo-controlled, random-
ized clinical study, 30 children with acute
hemorrhagic diarrhea due to infection with
enterohemorrhagic E. coli (EHEC) were
treated with LC1 [Huppertz et al. 1999]. Dur-
ing treatment the median value for stool fre-
quency decreased from three to one per day,
whereas during treatment with placebo there
was no change (p < 0.05). In the patients
treated with BCC, the duration required for a

reduction in stool frequency of at least 50%
was shorter (p < 0.05).

Treatment with BCC also increased the
excretion of E. coli expressing intimin and
EHEC-hemolysin although the differences
did not reach statistical significance. The re-
sults of this study with colostrum are clini-
cally important since therapy of EHEC dis-
eases with antibiotics is controversial and an
alternative and safe therapy other than BCCis
not available. Indeed, a number of antibiotics
actually increase the amount of Shiga toxin in
vitro [Kimmit et al. 2000, Kohler et al. 2000,
Yoh et al. 1999, Zhang et al. 2000] and Wong
et al. [2000] showed in a prospective clinical
study that antibiotic therapy in infants with
EHEC infections increases the risk of devel-
oping a hemolytic uremic syndrome (HUS).
Clinical studies carried out later confirmed
that antibiotic therapy of EHEC infections, in
particular in those patients already develop-
ing the syndrome, worsened the course of dis-
ease and the final outcome [Bell et al. 1997,
Dundas et al. 2001, Tapper et al. 1995]. The
results of the study of Huppertz et al. [1999]
are supported by the findings of Lissner et al.
[1996, 1998] where the serological analysis
of LC1 reflecting a blockade of Shiga toxin
(STx) production, points to the mode of ac-
tion of BCC in the prophylaxis of HUS.

Severe diarrhea and HUS in children
caused by EHEC have been reported from
countries throughout the world and EHEC,
like serotype O157, non-O157 are known to
be important causative agents of these dis-
eases. EHEC can persist in the gut of cattle,
goats, sheep, horses and geese. These domes-
tic animals constitute therefore direct or indi-
rect infectious routes affecting man, mainly
involving the ingestion of contaminated food
such as raw milk and raw milk products, un-
cooked meat, non-pasteurized apple juice and
mayonnaise. Infants living in rural districts
are particular prone to infections from these
sources [Huppertz and Karch 1998].

EHEC are associated with numerous viru-
lence factors, the most important of which are
the Shiga toxins, the Type I1I secretion system
and the respective effector proteins encoded
by the locus of enterocyte effacement and
plasmid-encoded proteins such as EHEC-
hemolysin, EspP and StcE (for review see
[Bielaszewska and Karch 2005, Caprioli et al.
2005, Karch 2001, Nataro et al. 1998,
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Orihuela et al. 2005]. In infants with severe
hemorrhagic diarrhea due EHEC infections,
the percentage who develop HUS is 5 — 10%
of all cases [Huppertz and Karch 1998].

The clinical and economic impact of these
infections and the need for hospital admission
to treat dehydration and HUS is a growing
burden on the health services [Tarr 1995].

A common problem in carrying out clini-
cal trials in patients with HUS is dealing with
epidemiological factors and their unpredict-
ability and this problem arises because the
reservoir for EHEC-type pathogens is diffi-
cult to identify [Huppertz et al. 1999]. The ep-
idemiology problems in Germany involving
infections with Shiga toxin-producing E. coli
has been reviewed by Karch et al. [1997] and
in a global context by Noris and Remuzzi
[2005].

The strict avoidance of antibiotics in the
therapy of HUS has been questioned recently
but it is important to note that the therapeutic
rationale for their use in HUS is based on only
one meta-analysis of clinical studies, the pro-
tocols of which differ markedly in the quality
standards applied [Phillips et al. 2005]. On
the other hand, BCC preparations like LC1
and consequently LC2N are effective in HUS
both as treatment and as prophylactic agents
especially in children and are well tolerated.

Intra-enteral neutralization of
lipopolysaccharides (endotoxins,
LPS) with BCC in Gram-negative
bacterial infections

The gut as an interface with the environ-
ment comes into direct contact with both
foodstuffs and infectious organisms. In quan-
titative terms it is the largest organ of the im-
mune system. The homeostatic mechanisms
in the gastrointestinal wall involving perfu-
sion with blood, local defense reactions (mu-
cosa-associated lymphatic tissues, MALT)
and thus the integrity of the gut wall are es-
sential for the intake of nutrients and protec-
tion against invading pathogens and their tox-
ins. The isolation of Gram-negative bacteria
from the blood of patients with a sepsis syn-
drome or SIRS (systemic inflammatory re-
sponse syndrome) frequently indicates a
source of infection in the gastrointestinal or

urinary tract. Prevention of the invasion of
pathogens using bactericidal antibiotics is es-
sential but can lead to the release of endotox-
ins CPS from the decaying pathogens fol-
lowed by a massive secondary release of
cytokines such as interleukins and tumor ne-
crosis factor (TNF-a) from mononuclear
cells with subsequent tissue damage. It is
known that the release of these factors in trau-
matic conditions, e.g. following major sur-
gery, can cause multiple organ failure
[Livingston and Deitch 1995]. The extent of
the damage to the GI-tract is dependent on the
rate at which enterocytes are renewed and this
depends critically on the rate of cell
proliferation [Rittler et al. 2001].

In addition, any enduring deficit of dietary
protein supply causes a suppression of cell-
mediated immunity whereas early enteral nu-
trition of patients with intraabdominal injuries
reduces the rate of complications like sepsis
and pneumonia [Hasenberg et al. 2007,
McClave et al. 1997, Moore et al. 1986].

On the basis of the results obtained in pre-
clinical studies, two controlled clinical trials
were carried out with LCl to examine
whether the components in the preparation
are able to bind LPS and inhibit invasory pro-
cesses in the gastrointestinal tract.

In the study of Bolke et al. [2002a] a total
of 40 patients undergoing surgery of the gas-
trointestinal tract were randomized to receive
either LC1 (56 g daily for 3 days preopera-
tively) or placebo and the course of the
plasma endotoxin levels and the endotoxin
neutralization capacity (ENC) were mea-
sured daily up to the 10th postoperative day.
The results showed that the LPS-levels in the
LC1-group, expressed as AUC, were signifi-
cantly lower than those in the control group
(p < 0.05). The difference between the two
groups was apparent on the day of the opera-
tion and the day after. The fall in endotoxin
neutralizing capacity (ENC) was signifi-
cantly lower in the patients treated with the
BCC and the return to initial values was faster
than in the control group (p < 0.006). In the
second study carried out by these authors, the
effect of postoperative treatment with BCC
on intestinal LPS translocation was examined
in a randomized, placebo-controlled study in
60 patients undergoing open-heart surgery.
The patients were treated perioperatively for
2 days with either 42 g LC1 or placebo. The
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endotoxin concentration in the LC1-group
was not significantly lower and the difference
in the ENC compared to the control group did
not reach statistical significance (p = 0.06).
The difference in the concentration of inter-
leukin-6 levels was also non-significant but
the CRP-level was significantly lower. The
investigators recommend that further studies
should be carried out using a higher pre-
operative dose of BCC and should be carried
out in a larger number of patients [Bolke et al.
2002b].

These two studies, performed according
to GCP-guidelines in a total of 100 surgical
patients, show that LC1 produces a marked
and in part statistically significant decrease,
measured postoperatively, in LPS in blood.
This is further evidence that one of the events
initiating the sepsis syndrome following hy-
povolemic insults in traumatized hypotensive
patients is the entry of bacteria and lipopoly-
saccharides from the gut into the bloodstream
[Bahrami et al. 1998, Claridge et al. 2000,
Pfeiffer et al.1996].

Furthermore, anti-LPS therapy with mono-
clonal antibodies in patients with hemorrhage
and trauma reduces septic complications
[Demetriades et al. 1999]. It can be concluded
from these findings, that if the Gl-tract is a
major source of LPS, as the evidence sug-
gests, then elimination or reduction of intra-
luminal endotoxin, whilst maintaining the
mucosal barrier function in intensive care pa-
tients, should prevent or reduce the complica-
tions of Gram-negative sepsis and the devel-
opment of multiple organ failure (MOV)
[Fitzal et al. 2001].

Of interest in this regard is a pilot study of
Ulrich et al. [2001] in patients suffering from
major burns where there is a high risk of
Gram-negative sepsis with lethal outcome.
These investigators determined the LPS level
in plasma between the second and third day in
such patients and observed a marked increase
in the endotoxin concentration which reached
a maximum after 47 hours. Of the 7 patients
examined, 2 showed sharp increases in
plasma LPS and these 2 patients subsequently
developed sepsis and died.

As in the case of HUS patients, a further
rationale for the application of BCC in trauma
patients is that the use of bactericidal antibiot-
ics can provoke or reinforce endotoxinemia
[Holzheimer et al. 1996, Seifert et al. 2002].

LPS in mammals can be beneficial or det-
rimental in a concentration-dependent man-
ner and these effects involve sensor mole-
cules such as the Toll-like receptors [Beutler
and Rietschel 2003]. The mechanisms by
which BCCs neutralize LPS and prevent their
uptake into the systemic circulation is not
well understood but lactoferrin, probably the
most important inhibitor in BCC of LPS, is
able to bind the lipid A part of the LPS-mole-
cule and this appears to act synergistically
with the anti-LPS-specific antibodies in BCC
in over-coming the effects of an infection
[Appelmelk et al. 1994, Bellamy et al. 1992,
Fomsgaard 1990].

BCC as an adjuvant in the
therapy of patients with
idiopathic pain syndrome

The studies carried out with LC1 in these
patients to date have been mainly exploratory
and often supported by unpublished observa-
tions referring back to earlier observations
with patients receiving immunotherapy.
Mondorf and Duswald [1979] had treated 54
patients with herpes zoster and 18 patients
with herpes simplex with intravenous immu-
noglobulins class G (IVIG). During the infu-
sion the patients experienced a relaxation in
skin areas with severe lesions, and reported a
complete relief of their concomitant neural-
gia. In a further open design study carried out
later, intravenous IgG (IVIG) was given to 6
patients receiving cytostatics to treat tumors
and who concomitantly suffered from ex-
tended herpes simplex or zoster infections
with severe attacks of neuralgia. All patients
reported immediate pain relief during or
shortly after the infusion of IVIG (5 — 10 g of
IgG) [Mondorf et al. 1981].

New insights into the value of this ap-
proach have been obtained from investiga-
tions at the University Hospital, Wuerzburg,
Germany. The research groups focussed on
patients with intractable pain in whom pain
relief with established therapeutic regimens
had failed [Goebel et al. 2002a]. In a prospec-
tive multidose, open-label cohort study in 130
consecutive patients with chronic pain syn-
dromes, including 48 cases with fibromyalgia
and a total of 12 different types of pain syn-
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drome, IVIG produced approximately 70%
pain reliefin 20% of patients and in about half
of the patients the level of pain relief was
above 25%. An interesting finding was that in
patients responding to IVIG treatment, there
was areturn of almost incessant pain in a large
proportion of those who had had an infection,
e.g. common cold or influenza a short time
before or simultaneously. In other patients
with chronic pain syndromes, there were a
higher proportion of patients with serum anti-
bodies against intestinal pathogens when
compared to healthy controls [Goebel et al.
2005]. These results prompted research
groups in the Universities of Wuerzburg and
Oxford to look for suitable diagnostic param-
eters in patients with defined pain syndromes
prior to their enrollment in further studies
with IVIG [Goebel et al. 2003].

In a clinical study in 40 patients with
widespread pain, 26 of whom had fibromy-
algia, there was a lack of anti-inflammatory
and analgesic Th2 cytokine activity when
compared to age- and sex-matched controls
[Ugeyler etal. 2006]. In contrast to the control
subjects, patients had a significantly lower
relative gene expression and lower serum
concentrations of the Th2 cytokines, IL-10
and IL-4.

These results prompted the investigators
to perform an uncontrolled field trial at the
Pain Center, University Hospital, Wuerzburg,
Germany, in which BCC 20 g daily was ad-
ministered to approximately 1,000 patients
with different types of idiopathic syndromes.
The aim of the investigation was to examine
the hypothesis that some patients had a post-
infectious autoimmune disease responsive to
treatment with BCC. Significant pain relief
occurred in 30 — 40% of patients depending
on the duration and localization of the disease
and there was a latency of 4 — 10 days after the
treatment before the full effect was detectable
[Sprotte, University Hospital, Wuerzburg:
unpublished observations]. Patients with id-
iopathic facial pain syndromes, including
trigeminus neuralgia, glossopharyngeal neu-
ralgia, myoarthropathy of the jaw and atypical
facial pain showed the highest response rate
and the shortest latency period. Patients with
chronic widespread pain, including fibro-
myalgia with and without irritable bowel syn-
drome also showed a marked improvement in
symptoms. It was concluded that the patients

in both groups had impairment in the mucosal
barrier function in the gastrointestinal tract
and this finding was supported by measure-
ments of the resorption rates of various sugars
[Goebel et al. 2002b]. In the case of patients
with fibromyalgia, 31 of 40 who were exam-
ined by this method and who had not been
treated with IVIG or BCC previously reported
an adverse reaction after the application of the
test sugars. This diagnostic tool is therefore not
suitable for routine clinical use.

According to the experience obtained at
the Wuerzburg Pain Center, patients with
chronic pain showing a positive response to
the treatment with BCC, can also be success-
fully treated with IVIG or SCIG and in many
cases the results of these alternative treat-
ments are superior to those using BCC. How-
ever, BCC has the advantage that patients re-
sponding can be treated in their homes (i.e. no
infusion required).

Patients with chronic pain syndromes
given BCC, in contrast to those without such
symptoms, were often found to develop a pre-
viously unrecognized intolerance to the milk
constituents in BCC limiting their use in these
patients. Repeated intake of BCC has also
caused exacerbation of atopic dermatitis with
skin lesions. Although the tolerance and
reponse to BCC is generally excellent, in chil-
dren with chronic pain, atopy (allergic bron-
chial asthma, rhinitis and atopic dermatitis) is
not an infrequent occurrence during treat-
ment with BCC [Sprotte, University Hospital,
Wuerzburg: unpublished observations].

Mechanisms of action of BCC

Colostrum, as starting material for BCC,
in which the cellular components, most of the
lipoproteins and some proteins such as
lactalbumin have been removed, is a highly
complex mixture of various effector mole-
cules [Kelly 2003, van Hooijdonk et al.
2000]. This explains the wide range of phar-
macodynamic effects described in in vitro
systems, in animals and in clinical studies.

Synergisms of the colostral effector sys-
tems with the innate defense of a host,
especially of patients infected with bacterial
pathogens, colonizing the gastrointestinal
mucosa appear to be suitable. For instance,
the efficacy of antimicrobial peptides as
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defensins produced permanently by the cells
in high concentrations in the small intestine
with a broad activity range against Gram-neg-
ative and Gram-positive bacteria might repre-
sent appropriate candidates in this regard
[Wehkamp et al. 2007].

Discussion including a
comment on other possible
applications of BCC

One of the primary tasks of the immune
system in mammals is the recognition of anti-
gens and their eventual forced elimination.
Bovine colostrums and BCC made from it
carry out this task and also other important
tasks such as the minimizing of inflammatory
events which follow exposure to antigens.
The ruminant is unique in that there is a selec-
tive passage of immunoglobulins class IgG
into the mammary gland prior to parturition
so that the colostrums contain large amounts
of specific antibodies. Gorman and Halliwell
[1989] and Kelly [2003], more recently de-
scribed in more quantitative terms the constit-
uents of the adaptive and the innate immune
system also present in BCC acting together in
a synergistic manner.

The efficacy of BCC therapy appears there-
fore to stem from those properties of native
colostrum which are important for the health of
newborn mammals and these include the trans-
fer in the humoral components associated with
innate and acquired maternal immunity and the
concomitant provision of readily available nu-
tritional substances such as essential amino ac-
ids.

The pharmacodynamic effects of BCC
thus complement or replace those of standard
therapies, e.g. with antibiotics, analgesics and
anti-inflammatory drugs.

One of the sites of action of BCC is the
mucosal surface of the gastrointestinal tract
and active components presumably interact
with the mucosa-associated lymphatic tissue
(MALT). Although the proteins in BCC ef-
fector molecules, mainly IgG,, are readily
degradable in the small intestine, more than
20% of IgG reaches the ileocecal valve in an
active form [Roos et al. 1995]. As shown in
Table 1, the most clinical studies with BCCup
to now have involved the prophylaxis or the
early treatment of infectious diseases origi-

nating in the GI-tract. In the case of some syn-
dromes due to bacterial infection, adjuvant
treatment using BCC in addition to an antibi-
otic is usually indicated and successful.

Unlike antibiotics, development of drug
resistance with BCC is not thought to be a
problem with BCC and there is no evidence
that the constituents induce enzymes in-
volved in the metabolism of xenobiotics.

In patients with Gram-negative sepsis the
gut is usually the site for transfer of LPS via
lymphatics into the systemic circulation. The
mechanisms involved have been discussed in
Part I and evidence has been provided for the
intra-enteral neutralization of LPS by LC1 in
patients.

The mechanisms of action of the active
components in BCC is not known in detail
and the earlier view that the y-globulins
(mainly IgG) are the most important active
principle must be interpreted only as a work-
ing hypothesis. More recent investigations,
however, such as those of Bolke et al. [2002a],
have shown statistically significant decreases
in LPS plasma levels in patients undergoing
gastrointestinal surgery after treatment with
LCI, and Secifert et al. [2002] using a rat
model of Gram-negative septic shock, found
a synergy between anti-LPS specificities
(IgG,) and lactoferrin which is also present in
BCC and this phenomenon appears to have its
clinical counterpart.

The LPS-release phenomenon, triggered
on the other hand by bactericidal antibiotics,
has been confirmed in clinical studies by sev-
eral groups [Dofferhoffetal. 1991, Prins etal.
1995]. Certain types of B-lactam antibiotics
seem to release more LPS than others and
this property is strongly correlated with
penicillin-binding protein-3 [Jackson and
Knopp 1992].

These findings are relevant since there is
much evidence to show that the gut is a locus
minoris resistentiae for infections and a reser-
voir for noxious substances like LPS and
Shiga-like toxins when the gut wall is dam-
aged, e.g. during hypoperfusion states or dur-
ing malnutrition.

A recently published review, however,
casts doubt on the role of LPS as a major initi-
ator of septic processes when the treatment of
patients with anti TNF-a and anti-LPS inter-
ventions fail [Riedemann et al. 2003]. The
neutralization in situ of LPS, a major toxin
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from Gram-negative bacteria, by BCC is at-
tributable to antitoxic effector molecules like
lactoferrin and specific IgG antibodies. The
combination of these pharmacological effects
accounts for the efficacy of BCC in the pre-
vention of Gram-negative septic shock in
patients. A profound review article dealing
with the pathophysiological role of CPS in
clinical medicine was published by Alexan-
der and Rietschel [2001].

Comparison of data on patients with sep-
sis of non-enteric origin with those having
enterosepsis may not be very informative
since the site of infection and stage of the dis-
ease have a marked influence on the course of
the disease and the effects of therapy. Enteric
sepsis comprises about 20% of all cases of
sepsis [Martin 1991]. Evidence from experi-
mental [Fitzal et al. 2001] and clinical studies
[Demetriades et al. 1999] point to the gastro-
intestinal entry of bacteria and presence of
LPS following trauma and hemorrhage with
hypoperfusion of the gut wall as the initiating
events in sepsis. Breakdown in the integrity
of the gut barrier would aggravate organ in-
jury in distal regions of the body because of
mediators, in particular those carried in the
mesenteric lymph [Magnotti et al. 1998]. On
the other hand, the systemic administration of
anti-endotoxin agents neutralizes the plasma
endotoxin and can protect the vital organs
against the injurious effects of these sub-
stances [Bahrami et al. 1997, Bahrami and
Schlag 1995, Bauer and Welch 1996,
Demetriades et al. 1999, Yao et al. 1995].

Sepsis is one of the most frequent causes
of death after a major burn injury and is usu-
ally attributable to an infection involving
Gram-negative organisms and the release of
LPS [Ulrich et al. 2001]. When more than
40% of total body surface is affected,
endotoxin plasma levels reach a maximum
between the third and the fourth day [Ulrich et
al. 2001, Winchurch et al. 1987, Yao et al.
1995]. The authors describe this as a conse-
quence of increased colonization of the gut
mucosa by Gram-negative organisms and
concomitant influx of LPS from burnt tissue.

Nevertheless, LPS molecules resorbed
continually from mucosal surfaces such as the
Gl-tract with a surface area of 300 m? have a
physiological function within a limited range
of concentrations within the mammalian
defence networks.

Endotoxin is one of the most potent
immunostimulants, which via the activation
of Toll-like (TLRs) receptors acts as a perma-
nent defense system against various patho-
gens. An infected host, on the other hand,
would overreact in the presence of large
quantities of LPS, in particular with a massive
liberation of TNF-a and other inflammatory
cytokines [Beutler and Rietschel 2003].

Irrespective of the pathological back-
ground, it is always correct in the case of sepsis
treatment, along with folic acid application
and antibiotic therapy, to inhibit endotoxins
and the effects of these.

In a clinical trial in children with severe
hemorrhagic diarrhea due to infection with
enterohemorrhagic E. coli (EHEC), LC1 was
able to eliminate these organisms and reduce
the danger of developing a hemolytic uremic
syndrome (HUS), a disease which in infants
is often fatal or can cause severe damage
[Huppertz et al. 1996]. This result provides
evidence that the antibody specificities of the
v-globulins present in BCC are consistent
with their ability to eliminate in the human
Gl-tract Escherichia coli-expressing Shiga
toxins 1 and 2, intimin and EHEC-hemolysin
[Lissner et al. 1996]. Because of the risks of
antibiotic treatment in pediatric patients and
its ineffectivity in preventing HUS, treatment
with polyvalent BCC is the apparent first-
choice therapy in patients with EHEC.

Safety aspects regarding the use
of BCC in man

A risk analysis of the cases treated long-
term with a polyvalent BCC primarily must
involve the technical criteria of the produc-
tion process, the results of pharmacodynamic
investigations and the clinical studies and
case reports, examples of which are described
in this review.

i) Theraw material e.g. for LC2N originates
from animal herds kept under strict veteri-
nary-controlled conditions. It is obtained
from New Zealand colostrum and thus
from colostrums originating from a coun-
try certified as BSE-free.

ii) The production of LCl1 is carried out ac-
cording to GMP. Homogeneity of produc-
tion lots is attained by using a colostrum
pool from several hundred colostrum col-
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lections and strict compliance with the
standards of production (GMP). Since
Lactobin N (LCZN) is a complex mixture
of proteins, this measure avoids the gener-
ation of new allergenic determinants in
the production process. In this regard,
particularly infants are at risk of develop-
ing cow’s milk allergy after the cessation
of breast-feeding when their intestinal im-
mune system becomes exposed to these
proteins in other foodstuffs [Heyman
1999].

iii) There is no addition of foreign materials
during the production process of LC2N
and LC1.

iv) Animal tests on LC1 have shown no evi-
dence of toxicity (fingerprint analysis and
microbiological test procedures based
upon the IgG;-concentration have dem-
onstrated bioequivalence between LCI1
and LC2N).

v) No adverse reactions were reported with
LC1 in the three Phase 1 clinical trials in
healthy subjects. In the clinical trials in
patients, Lactobin produced no severe ad-
verse reactions with the exception of pa-
tients with a prolonged history of chronic
pain. Resorption tests with various sugars
have shown that patients with chronic
pain are able to absorb macromolecules
from the gut [Goebel et al. 2002b]. The
risk of sensitization reactions against
non-degraded proteins means that BCC
might therefore be contraindicated in pa-
tients with celiac disease and chronic en-
teritis such as Crohn’s disease.

vi) Lactose intolerance: absorption of lactose
requires lactase activity in the brush bor-
der of the sensitizing small intestine. Lac-
tose intolerance can occur in infants and
young children with acute diarrheal dis-
ease but the clinical significance of this is
limited except in more severely affected
children. Symptoms of lactose intoler-
ance are relatively common in older
children and adolescents but signs of in-
testinal injury resulting from it are un-
common. Lactose intolerance differs from
milk protein sensitivity since a sensitivity
to milk proteins involves the immune sys-
tem and can cause lesions of the intestinal
mucosa. During the first 3 months of life,
2 — 5% of infants exhibit symptoms of
cow’s milk protein intolerance which gen-
erally resolves itself before reaching the

age of 1 year (for review see Hagemann
[1999])).

Secondary lactase deficiency can occur
later in life the etiology of which most often
lies in an infection, e.g. due to rotavirus.
Symptoms can also arise in celiac disease,
Crohn’s disease and immune-related diseases
[Heyman 2006] or enteropathies as can occur
in patients with chronic pain syndromes. The
proportion of patients at the Wuerzburg Pain
Center presenting with symptoms of intoler-
ance to ingested lactose is approximately
10%. The lactose in BCC, like that in LC
preparations, causes a reinforcement of pain
sensations in addition to causing typical gas-
trointestinal disorders [Sprotte, unpublished
observations].

Potential clinical indications for
BCC

Some potential indications for the clinical
application of BCC have been mentioned
above. The multiple effector mechanisms
contained in BCC can inhibit or destroy hu-
man pathogens and can neutralize virulence
factors and liberated toxins. They are also in-
volved in antiphlogistic effects. The question
arises, whether other patient populations in
ICU such as transplant recipients might also
benefit from supplementary treatment with
BCC. The selective decontamination of the
gut in patients after multiple trauma, severe
surgical stress and intense immunosuppres-
sion therapy with antibiotics has been the sub-
jectof controversial discussion since its intro-
duction in 1984 [Stoutenbeck et al. 1984]. In
spite of a reduction in mortality rates in clini-
cal studies in ICU patients receiving combi-
nations of non-absorbed antimicrobial and
topical oropharyngeal antibiotics, concern
exists regarding the development of bacterial
resistance [de Jonge et. al. 2003, Vincent
2003]. Implementing the additional treatment
with BCC into the current scheme of selective
gut decontamination could represent an im-
provement but evidence in the form of data
from appropriate clinical studies is needed.
The rationale behind such therapy in ICU pa-
tients could be the eradication of aerobic,
potentially pathogenic microorganisms from
the stomach and gut and the preservation of
useful indigenous anaerobic flora.
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In the same context Bolke et al. [2002a]
for example, advocate the perioperative treat-
ment with BCC as a promising new strategy
for patients undergoing liver transplantation,
thereby protecting the transplanted organ for
instance against a massive CPS translocation
from the gut.

The inhibition of enteral LPS-transfer might
also be beneficial in patients with malignant
tumors since such patients may become
anorexic due to increased activities of TNF-o
induced by LPS. Increased TNF-a activities
in tumor patients and the effects of this might
have been attributed to induction of CD14 on
monocytes in blood and within the tumor.

It can be speculated that reduction in the
intestinal LPS-influx would decrease TNF-o
activation and prevent anorexia in tumor pa-
tients. In support of this view is the observa-
tion that in patients with pancreatic cancer the
expression of CD14 in both Kupffer cells and
blood monocytes is increased. This change
would render them more sensitive to bacterial
LPS and increase the likelihood of a pro-
inflammatory response with the consequent
development of cachexia.

Bitzan etal. [1998] obtained evidence that
the colonization of gastric epithelial cells by
Helicobacter pylori can be blocked by
polyvalent BCC such as LC1 and that this
might be useful as an adjuvant in treating
gastroduodenal disease including gastric ma-
lignancies when this organism is present. The
causal relationship between the occurrence of
H. pylori and a variety of gastric diseases has
been reported in detail in a more recent re-
view by Brenner and Rothenbacher [2005].

In a clinical study carried out in 24 infants
with H. pylori infections, purified colostrum
from cows vaccinated with the organism,
however, failed to cure the infants of the dis-
ease [Casswall et al. 1998].

A further possible indication for the use of
BCC is the treatment of injuries to the small
intestine caused by nonsteroidal anti-inflam-
matory drugs (NSAID). The rationale for
clinical investigations on this topic stems
from animal experiments with BCC in rats
was described in Part I of this review.

In two well-controlled clinical studies,
Playford et al. [2001] used a non-invasive
marker to determine the presence of gastro-
intestinal injury and increased gut per-
meability and to examine the effect of BCC

(Viable Bioproducts, Turku, Finland) in pa-
tients taking NSAIDs. In one of these studies,
a randomized crossover trial in healthy male
subjects, changes in gut permeability, ex-
pressed as lactulose/rhamnose resorption ra-
tios, were compared before and after a 5-day
treatment with 50 mg indomethacin given
orally 3 times daily whilst administering 125
ml colostrum or whey proteins (control) 3
times daily. The findings showed that
indomethacin caused a 3-fold increase in gut
permeability in the control arm but no signifi-
cant increase during the coadministration of
colostrum.

In the second study on the effect of
colostral and control solutions (125 ml, for 7
days) on gut permeability in patients (n = 15)
on long-term NSAID therapy, the initial per-
meability ratios were low and not influenced
by coadministration of the test compounds.
Further studies are therefore needed to confirm
that bovine colostrum preparations prevent
NSAID-induced gastrointestinal damage.

Cesarone et al. [2007] reported a clinical
study in 144 subjects with ages in the range of
30 — 80 years, compared the efficacy of oral
colostrum (900 mg/day for 2 months;
Concon, Guna, Srl., Milano, Italy) with vac-
cination against influenza. The study popula-
tion was divided into three groups: subjects
receiving BCC who had been previously vac-
cinated against influenza virus, subjects with-
out previous vaccination who also received
BCC and Group 3 containing subjects who
received no prophylactic treatment. The
results showed that the average number of flu-
episodes in subjects treated with colostrum was
significantly lower than in subjects not re-
ceiving colostrum. The number of days with
flu was 3 times higher in the non-colostrum-
treated subjects. The incidence of events as-
sociated with flu was higher in the vaccinated
than in the colostrum-treated individuals (p <
0.05). Preliminary data in healthy volunteers
immunized with attenuated Salmonella typhi
oral vaccine and who concomitantly con-
sumed liquid prepacked bovine colostrum
tended to have greater increases in specific
IgA (ELISPOT assay and flow cytometry in
vitro) in comparison to volunteers not treated
with colostrum [He et al. 2001]. The increase
in specific sIgA is regarded by the authors as
the key mechanismof flu-prevention by BCC.
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(BCC). Information on possible pharmacodynamic mechanisms (in brackets) e.g. modulation of temporal re-
sponse (increase of salivary slgA) according to [He et al. 2001].

Safety and efficacy of BCC
administration to
humans — conclusions

In conclusion, the results of Phase I stud-
ies in human volunteers and Phase II/I1I stud-
ies in patients have demonstrated that the
pharmacodynamic effects of BCC observed
in preclinical experiments have their thera-
peutic counterpart in a number of clinically
important diseases although there is a need
for confirmatory investigations in most areas.
On the other hand, the implications of the
considerable volume of case study data, e.g.
those held at the data bank of the Pain Clinic
in Wuerzburg, should not be underestimated.
The results of the studies are consistent with
the view that BCC therapy is a “supportive”
therapy, i.e. the pharmacodynamic mecha-
nisms evolve from the multifold active com-
ponents present and that these modulate the
body defense processes (Figure 1 gives an
outline of the present medical experience to
treat patients with BCC).

The safety of BCC has been well-estab-
lished in the clinical studies with LC1 and up
to now no major or unpredictable risks have
been reported. Intolerance to lactose, a com-
ponent in BCC preparations, and milk pro-

teins can occur but such reactions can gener-
ally be anticipated from the dietary habits of
the patient.

Since it is clear that BCC preparations are
safe and effective in a broad range of indica-
tions, this unique form of peroral passive im-
munization deserves attention.
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