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INTRODUCTION Furthermore, there is always a risk of transmission of infectious

agents when using human plasma as a starting material and since

The control and treatment of infectious diseases is increasingl)(he cost for these preparations is high alternative sources of
complicated by the development of antibiotic-resistant organisms prep an,

the emergence and rapid dissemination of new pathogens, an%tl‘f')ﬁglsgn:nn:;t()jzisrm::?)c;.ma be one such alternative, as bovine
the growing incidence of opportunistic infections. Identification y y g

A . ntibodi r ively transported from plasm milk in cow
and commercialization of new anti-microbial agents hasatbodesaeact ely transported from plasma to COWS

always been a time-consuming and expensive process, and dev&od are presentin high concﬂentra?ions in qolostrum. The antibonies

opment of new strategies to control disease are therefore clearlgrOIECt the cal_ves_ from G| |nfect|ons_ durln_g the neo na_tal period

warranted. nd are of major |mportance for th_elr survival. _Bo_vme immuno-
The immune system has evolved to help combat various typeglobl.JIIn preparations against rotaV|ru§ aBscherichia co|.|have .

of infections. As most pathogens enter through mucosal surface%revpusly been shown to be eﬂe_ctlve as prophylaxis ggamst

the local immune defence may be of particular importance and fections and have been commercially available for use in farm

evolutionary pressure has led to the development of a specialize%imma.IS for decaQes. During the past few years, bovine immuno-
immunoglobulin class in secretions—IgA. Patients with primaryg|0bu"n. prep_aranons have alsq been s_hown to_ protect a_lgalnst
immunodeficiencies involving IgA are known to be highly suscep-n"’ltur"’_1I |nfe<_:t|0n or challenge with a variety (.Df dlfferent_ micro-

tible to respiratory and gastrointestinal (Gl) tract infections (for organisms in man. The effect of therapeutically administered

review see [1]), supporting the notion of a crucial role for _bovme antibodies has not been as well documented, but successful

antibodies in the mucosal defence. |n_tervent(|jon haf beeqd(jelmopsttrated-i?l|cob?cter pylorj rota;f o
Infection-prone IgA-deficient patients are currently treated}'r']rtléfacat?on Ct?é [t)v:ess:rgcl)sing] :ﬁtliEEZie(sO;rr\Z ?Lin%esm:rsleirgrﬁ ]21'e
with human IgG given systemically [2]. However, a proportion u u

of these patients still suffer from mucosal infections which neces-SySter.n is limited [10] and the preparation can be given without risk
f serious adverse events.

sitates development of additional forms of therapy, and human Igé) The titre of antibodies against many human pathogens is low in
in high doses has previously in fact been given orally, without X 9a yhu P 9
olostrum from non-immunized animals [4], and although a

adverse effects, to healthy volunteers [3] and to patients sufferin% tic effect has b ted b | administrati f
from a variety of Gl infections (for references see [4]). However, \erapedtic eliect has been suggested by oral administration o
high doses of non-specific bovine immunoglobulins to patients

from a theoretical point of view human IgG is expected to be less o R

effective than human IgA due to its comparatively low proteolytic W!th chronic dlarrho_ea [11_14].’ itis I!kely tha.lt a future produgt

stability, and it may also, due to its interaction with complementw'". have to pe derlved' from 'mm””'zed animals [10]. In th!s

and phagocytosing cells, provoke an inflammatory reaction. review, we W'I.l summarize publ|she_d data on the use of bovine
Human breast milk, which contains secretory IgA, is known to |mmunoglobulln-contamlng prepa_ratlon_s for prophyIaX|s and ther-

protect against diarrhoea in infants. Oral administration of purifieda.py ggamst ;elected mucosal infections in man and suggest

human immunoglobulin has previously also been suggested tglrectlons for its future use.

exhibit a prophylactic effect against development of necrotizing

enterocolitis in prematurely born children [5] and a therapeutic ADMINISTRATION OF ANTIBODIES AGAINST

effect in Campylobacter jejuni6] and Clostridium difficile [7] ORAL PATHOGENS

induced diarrhoea in immunodeficient patients as well as Chroniburing the past century, a markedly raised incidence of dental

?Aar:ir:?ea ofi:ntkrr:]ow;] haer::olr?gy tlt? nornmail '?f?r?t? |[83\" :_r:OtVr\]'evle;’\caries has been noted. This has been brought about by the increased
€ _e_ against mos u an pa o_ge sisra e_ 0 . €lg standard of living, which in turn has resulted in a diet rich in
containing gammaglobulin preparations, and vaccination of volun-

teers for preparation of hvoerimmune products is not feasiblesucrose. The development of caries is thought to result from an
prep yp P interplay between the host, the diet and the endogenous microflora.

Correspondence: Professor L. Hammérstr®epartment of Clinical ~ 1he main bacteriological aetiological agent in dental caries is
Immunology, Huddinge Hospital, S-14186 Huddinge, Sweden. Streptococcus mutanand several lines of evidence show that the
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194 C. Weineret al.

presence of this organism is highly correlated to the incidence otare are not readily available, prophylactically administered
caries. bovine antibodies could be used to reduce the normal transmission
Although the incidence has been reduced due to prophylactiof cariogenic bacteria from mother to child.
measures during the past decades, at least in the developed
countries, there exist groups of patients where caries remains a
major clinical problem. Thus, individuals with xerostomia due to
side-effects of certain pharmaceutical products, systemic diseas@&uring the last decade, the incidence of deep fungal infections has
with engagement of the salivary glands (such ag@o’'s syn-  risen sharply. Candida constitute the majority of isolates found and
drome), the elderly population and patients who have receivedCandida albicansalone accounts for approx. 75% of these cases.
heavy local irradiation due to tumours in the head and neck regionCandida infections are usually of endogenous origin and are most
may all suffer from severe caries as a consequence of the reductiarften derived from colonization of the Gl tract. The organism is
of salivary flow. able to penetrate intact mucosal epithelial cells and the resulting
Several stages &. mutansnfections are amenable to immune deep infections are most likely due to inability to eliminate the
intervention and both active and passive immunization have beemvading fungal cells. This is most often a consequence of
used with varying degrees of success during the past two decadgsolonged neutropenia in immunocompromised patients, and Gl
The initial attachment of the bacteria occurs via surface adhesingvergrowth of Candida is likely to contribute to the high incidence
and the accumulation of bacteria in the dental plaque is themf invasive infections in this patient category.
enhanced by the synthesis of extracellular glucans from sucrose. Organ and bone-marrow transplanted patients are frequently
Salivary antibodies may interrupt this process by aggregation o€olonized with Candida and thus highly susceptible to invasive
the bacteria prior to colonization, blocking of surface receptorsfungal infections. Mortality is quite high in this patient category
necessary for colonization, or by inactivation of enzymes necesand up to 70% of bone marrow transplanted patients with candi-
sary for metabolically important functions. daemia succumb. In patients with a disseminated disease, the
Experimental vaccination againSt mutandias been shown to mortality rate may be even higher. Prophylaxis with orally ad-
result in a high level of specific salivary antibodies, which alsoministered polyene antibiotics is routinely given even though this
correlated with prophylaxis against caries development. Numerou®rm of treatment has not been documented to be of any beneficial
attempts have been made to improve the immune response againstiue in preventing invasive fungal infections. Fluconazole, a
the bacteria using different adjuvants and various routes of vaccinovel triazole anti-fungal agent, is however highly active against
nation. However, progress has been hampered by the appearancesof/ariety of fungal pathogens and is effective in treating both
antibodies which are cross-reactive with heart tissue in vaccinateduperficial and systemic candidiasis. Previous studies have shown
animals [15]. Thus, although still possible using selected purifiedhat prophylactic treatment with fluconazole prevents all types of
antigens, attempts in this direction have not been vigorouslyCandida infections except those causeddandida krusei The
pursued. latter are therefore becoming more frequent among transplanted
Recently, bovine antibodies agairStmutansvere shown to  patients on fluconazole therapy. This form of prophylaxis has also,
inhibit incorporation of glucose by the bacteiiavitro already at as expected, been associated with an increasing incidence of
low concentrations, and higher concentrations diminished theénfections with drug-resistant Candida species suchaslopsis
activity of the glucosyltransferase (GTF) [16]. Passimevivo glabrataboth in bone marrow transplanted and AIDS patients (for
immunization againsS. mutanshas also been tried using oral review see [19]).
administration of antibodies from animals vaccinated with whole  Successful therapeutic intervention against oral candidiasis
bacteria or purified components such as the GTF, streptococcaising bovine antibodies has also previously been suggested in
antigen I/ll (SA I/ll) and serotype carbohydrate. Thus, bovine man (referred to in [20]). We therefore initiated a phase | clinical
antibodies against whole bacteria, derived from colostrum oftrial in bone marrow transplanted patients using antibodies from
immunized cows, have been used successfully as prophylaxisows immunized with whole Candida organisms and purified
against dental caries both in an animal experimental model [17fnannan [21].
and in healthy volunteers [18]. In the study of Michaklal. [17], Altogether, 59 patients were enrolled in the study, out of which
the effect of a multivalent vaccine was examined in a gnotobiotic54% were colonized with Candida. The aim of the study was to
rat model with rats monoinfected with mutansThe group of rats  evaluate the influence of oral administration o8 § of powder
receiving the immune product had reduced plaque scores and leg¢sith an estimated IgG purity of approx. 50%), given three times
caries than similarly infected animals given a similar product fromdaily for various time periods before and after transplantation, on
non-immunized cows. In the study on human subjects, volunteerthe number of yeast in saliva and stool samples. There was a time
using a mouth rinse containing milk-derived antibodies againstorrelation between the antibodies given and the number of
S. mutangesulted in an initial reduction in the amount of recover- Candida organisms, and in the subgroup of patients with an initial
able bacteria, and they formed smaller colonies than plaquéigh load of fungi the treatment resulted in low or undetectable
samples from the control group. levels of the organism in saliva. No adverse events were noted in
During the last decades the character of caries disease hase trial and we are currently planning an extension of these studies
changed and today it is not a major problem in the generalin liver transplanted patients.
population. However, there are still groups of individuals who  Adherence has been shown to play an important role in the
suffer from severe dental caries and our future efforts are directegathogenesis of various infections and also plays an important role
towards optimizing the antibody source and developing a simplén colonization with Candida. Multiple interactions have been
form of administration for the preparation, be it a tablet, chewingdescribed, broadly classified into three groups involving protein—
gum, tooth paste, gel, varnish or mouth rinse. Further, in thosgrotein (such as the integrin analogues) and protein—carbohydrate
areas of the world where fluoridated water and/or routine denta(such as the fucose binding protein) structures. The product used in

TREATMENT OF ORAL CANDIDIASIS
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Fig. 1. Inhibition of binding of yeast cells to buccal epithelial cefizitro by addition of bovine immunoglobulins agairGandida albicans

Candida organisms were transferred from an agar slant into BHI broth and grown overnidgi@t.aki28yeast cells were subsequently washed

and resuspended to a concentration of 107/ml and thereafter incubated with different concentrations of the bovine antibody preparations for
1h at 37C in a shaking water bath. Epithelial cells were obtained by scraping the mucosal surface of both cheeks with sterile cotton swabs,
after which the cells were washed repeatedly and added to the mixture of antibodies and Candida cells for another hour of incubation. The
content of the tube was then transferred to aufriPpore-sized polycarbonate filter and vacuum was applied. After additional washing, the
filter was dried, fixed with methanol and stained. (a) A control slide with an averagg 6&ndida organisms per buccal epithelial cell. (b) A

slide where bovine immunoglobulin has been added, showing an average©@&fdida organisms per buccal cell.

our trial apparently contains some antibodies against these adhenhance the titre of potentially biologically relevant antibodies and
sins, as blocking of binding to buccal cells could be readily thus provide a more cost-effective form of therapy.
demonstrated (Fig. 1) in a dose-dependent manner (Table 1). The
future identification of the structures which confer binding to
human cells would facilitate the making of a second generation INTERVENTION ;’}\\I(;;:,;ICN_?ILSELICOBACTER

product of bovine anti-Candida antibodies, where the animals

would be immunized with purified adhesins which could greatly Helicobacter pylorj a human-specific gastric pathogen, first isolated
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Table 1. Dose dependency of blocking of adherence to human buccal cells  Table 2. Passive immunity againstelicobacter pyloriinfection
by preincubation with bovine antibodies agai@stndida albicans

Reference  Patients  No of patients* Treatment dose/period
Batch ~ Experiment Antibody Reduction of binding
no. no. concentration (mg/ml) (%) [29] Adults 9/9 17 g twice daily for 28 days
[29] Adults 11/11 15 g daily for 28 days
03 1 003 64 [30] Adults 1/9 20 g daily for 28 days
03 80 [31] Adults 2/8 4 gx 2 daily for 28 days
3 96 [31] Adults 0/10 4 gx 2 daily for 14 dayst
2 003 36 [32] Children 0/13% Colostrum daily for 21 days
03 15 [33] Children 0/10 1 g daily for 30 days
3 92
04 1 03 53 )
3 97 *Number of patients cured/treated.
5 003 17 TGiven together with Omeprazol 20 mg twice daily.
3 70 FReduced gastric inflammation noted.
05 1 03 53
3 97
2 03 6
3 91 administration of antibodies against Helicobacter may eradicate

[25] or reduce [26] the number of bacteria in the gut of experi-
mental animals.Invitro, antibodies from immunized cows are
strongly bactericidal against Helicobacter provided that comple-
in 1982, has emerged as the leading causative agent in chronivent is present [27], suggesting that humoral immunity may be of
active gastritis and peptic ulcer disease. In developing countriesnajor importance for clearance of the infection. However, the
the majority of the population is infected already in early child- infection is known to be lifelong despite a vigorous
hood, whereas in the industrialized wod®0% of young people immune response including systemically derived, specific IgA in
are infected, increasing to about half of the population by 50 yearghe gastric mucosa, and our own results in patients with IgA
of age. However, infection prevalence is still very significant in deficiency showing that lack of secretory IgA does not seem to
view of the medical impact ofi. pylori-associated disease. Once have any major effect on the establishment of the infection,
established in the host, the bacteria can persist for the lifetime oirgues against a pivotal role for IgA in the defiance against
the individual. Interestingly, most infected subjects show noH. pylori [28].
clinical symptoms, implying the influence of additional factors in ~ As a major problem in the gut may be related to the low levels
the pathogenesis of the disease such as genetic predisposition apichntibodies in the mucus layer (since there is no specific transport
the genotypes of the infecting strain. The chronic infection hasmechanism), oral administration would supply sufficient amounts
been correlated to the development of gastric cancer, one of thef antibodies for therapeutic efficacy. Topical treatment has also
most common forms of cancer in humans, addpylori was  been tried in patients who are chronic carriers of Helicobacter, and
recently defined a class 1 carcinogen by the World Health Orgaalthough the initial results using bovine antibodies were surpris-
nization. At presentH. pylori infection can be treated using a ingly positive [29], subsequent studies [30—33] (summarized in
combination of bismuth and antibiotics with eradication rates ofTable 2) have shown modest, albeit encouraging, results. In the
90%. Alternatively, omeprazole together with antibiotics such adfirst study performed in our own hospital [31], where treatment was
amoxicillin or clarithromycin can be used. Such therapy appears tgiven with 8 g daily for 4 weeks using a preparation derived from
be better tolerated and results in eradication rates of 60—80%. ThHaeyperimmunized cows, 25% of the patients cleared the infection.
development of antibiotic resistance and the common occurrenc&he preparation contained antibodies against a variety of antigens
of drug intolerance, however, point to a need for therapeuticas detected in Western blot (Fig. 2), including the urease and
alternatives. possibly the CagA and VacA antigens. As these preparations also
Helicobacter pyloricolonizes the human gastric mucosa by effectively prevented attachment of bacteria to gut tissue [31] and
adherence to the mucous epithelial cells and the mucus layer liningnhibited binding of a Lewis b conjugate to the bacteria (Table 3),
the gastric epithelium [22]. These adherence properties protect there would anticipate that they may also contain antibodies against
bacteria from the extreme acidity of the gastric lumen andadhesin molecules [23].
displacement from the stomach by forces such as peristalsis and In order to facilitate compliance, we subsequently shortened
gastric emptying. Central to current thinking in pathogenesis is théhe treatment period and supplemented the therapy with a proton
importance of adherence for colonization or disease. Bacteripump inhibitor. However, this schedule proved ineffective, indi-
express adhesion molecules that recognize specific carbohydrateating a need for immunoglobulin preparations with an increased
on the epithelial cell surface and mucin molecules in the mucusfficacy. As a consequence of the high receptor specificity in the
lining. Several putative receptor structures have been described f@adherence process of Helicobacter and the requirement of biolo-
H. pylori, such as sialylated glycoconjugates, sulphatides and, vergically conserved receptor binding adhesive motifs, the microbes
recently, the BabA adhesin [23] which binds to the Lewis b bloodmight have been forced to accept the potential Achilles heel of
group antigen. adhesin proteins as vaccine candidates. Thus, a product enriched
Previous studies have shown that breast feeding protects froror particular antibody specificities, such as those against the BabA
early acquisition ofH.pylori in infants [24], suggesting that adhesin, may be clinically superior, and this possibility needs to be
IgA antibodies in the milk may affect colonization and oral explored in the future.
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A B C D E Table 3. Dose dependency of blocking of binding ldelicobacter pylori
bacteria to Lewis b blood group antigen by preincubation with immuno-
globulins
Antibody
Source of concentration Reduction of
antibodies Specificity* (mg/ml) binding (%)
Bovine Helicobacter 01 0
(batch 1) pylori 1 30
10 92
Bovine Helicobacter 01 8
(batch 2) pylori 1 72
10 95
Bovine Helicobacter 01 53
(batch 3) pylori 1 94
Bovine Rotavirus a 0
1 0
10 5
Humant (018 7
1 51

*Derived from colostrum of animals immunized against the indicated
antigen.
THelicobacter-seropositive patient serum.

Marked progress has been achieved during the past decade in
reducing the mortality from dehydration in acute diarrhoea with
the use of modern oral rehydration solutions. However, these
preparations have little or no effect on the nutritional morbidity
resulting from the 5-7 days of diarrhoea commonly associated
with rotavirus infection.

Breast milk, which contains secretory IgA, has previously been
pylori proteins from strains MO19 (Type Il) and CCUG 17875 (Type 1), Shown 10 pr.otect agalnSt diarrhoea in infants. 1gA ant.lbodles
respectively. Immunodominant proteins were detected with human serglreCted aga'_nSt rotavirus h_ave also been de_monStr"_ﬂEd '_n human
from an H. pylori-infected individual (lanes A, B), and with bovine milk, the main source of immunoglobulins in the intestine of
colostrum/milk IgG antibodies from cows immunized with strains N@wborns, although their role in preventing or mitigating rotavirus
CCUG17875 and 17874 (lanes C, D) (successfully used in a clinical triainfection in children has been questioned.

[31]), and with rabbit antisera from immunization experiments with a 20  Human IgG has also been given both as effective prophylaxis
amino acid synthetic peptide, based on the published 78-kD BabA adhesif84] and therapy [35—37] against rotavirus infection in children,
sequence (lane E). The top band in lanes B and D corresponds to the 125-kf)rongly arguing in favour of the possibility of using passive
CagA protein, a member of the cag-PAI (Pathogenicity Island) associategnmunity against Gl infections, and prophylactic use of immuno-

with the more virulent Type H. pylori strains, and absent from the Type Il globulins from immunized cows has in fact shown an effect against
strains, i.e. strains less associated with acid peptic disease (lanes A, C). rotavirus infection in man [38—42](Table 4)

Fig. 2. Lanes A, C and B, D, E. SDS—-PAGE gel-separaitsdicobacter

CLINICAL EFFICACY OF BOVINE ANTIBODIES

IN ROTAVIRUS INEECTION IN CHILDREN Table 4. Outcome of studies on the clinical effect of orally administered

bovine immunoglobulin on rotavirus infection
Rotavirus is a leading major childhood viral enteropathogen in all
areas of the world, causing close to a million deaths annually. In ) .
the USA alone, rotavirus is associated with 3% of all hospitaliza-Reference Type No of patients* Clinical effect
tions in children<5years old. Although the nature of protection

against infection has not been fully elucidated, it is likely that a{gg} ggg%:zz:z 52/,25 “T/Ig;g?;igtglcst?;se
major part of the effect is due to neutralization of the virus by 40] Prophylaxis 31/33 Mitigated disease
specific antibodies. Considerable attention has therefore beeri] Prophylaxis 117/115 No effect

directed towards the development of a safe and effective vaccingi2] Prophylaxis 50/102 Total protection

but unfortunately, to date, such efforts have failed to produce 438] Therapy 18/26 No effect

vaccine which consistently protects children from rotavirus dis-[43] Therapy 73/65 Reduced viral shedding
ease. Furthermore, even if a vaccine became available, financiét4! Therapy 35/33 Mitigated disease
constraints in developing countries may prevent its use and it i$%°] Therapy 40/40 Mitigated disease
likely to be less effective in children with malnutrition and

concomitant immunodeficiency. *Number of patients in the treatment/placebo groups, respectively.
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Table 5. Dose of bovine immunoglobulins employed in clinical trials in rotavirus-infected children

Estimated Daily dose
Reference Preparation Dose IgG content (mg)
[38] Colostrum 20 mk 3days 30 mg/ml 600
[39] Colostrum 50 mk 1 day 30 mg/ml 1500
[40] Infant formula* 12 02x 16—202 days ? ?
[41] Milk concentrate 100 g formulal80 days ? 1000
[42] Colostrum 5 g«<4-10days 40% 2000
[38] Colostrum 20-50 mk 3 days 30 mg/ml 600-1500
[43] Milk concentrate 2 g/kg body weights days 10% 2000t
[44] Colostrum 300 mk 3days 30 mg/ml 9000
[45] Purified immunoglobulin B gx4x4days 36% 3600

*Fortified with bovine immunoglobulin 400 U/ml.
TAssuming an average body weight of 10Kkg.

The effect of therapeutically administered bovine antibodiesaggressive antibiotic therapy. Breast milk-derived IgA antibodies
has shown variable results, possibly depending on the dose giveprotect against Campylobacter-induced diarrhea [48] and we pre-
(Table 5). However, a reduction in the period of shedding ofviously treated a hypogammaglobulinaemic patient with orally
rotavirus after administration of bovine immunoglobulins was administered human IgA with clinical success [7].
published as soon as 1987 [43] (Table 4), followed by a report Oral administration of antibodies against different Gl patho-
on successful clinical intervention in rotavirus diarrhoea [44]. In gens has also been shown to be effective both prophylactically and
our own recent study [45], performed in Bangladesh, 80 infantsherapeutically in a variety of animal species (for review see [4])
with rotavirus diarrhoea were enrolled in a placebo-controlled trialand recently, oral administration of polyclonal chicken antibodies
and treated with hyperimmune bovine colostrum-derived anti-against Campylobacter jejuniwas shown to inhibit bacterial
bodies. The results show a substantial reduction in the duration of
diarrhoea, stool output and viral shedding in the group of children
receiving the ‘active’ preparation.

Recently, a non-structural glycoprotein, NSP4, has been recog-
nized as a rotaviral enterotoxin which causes diarrhoea in an
experimental animal model and the symptoms could be eliminated
by oral administration of a rabbit antiserum against the NSP4114—
135 peptide [46]. Thus, the antitoxin antibodies in the bovine
preparations may be crucial for the therapeutic effect of clinically
applied bovine immunoglobulins. In fact, these antibodies could be
demonstrated in preparations used in previous clinical trials [47]
(Fig. 3), although they constituted only a minor proportion of the
total reactivity against rotavirus antigens. Thus, a preparation
enriched for antitoxin antibodies may be more efficacious, but
these products are as yet not available. - » : ’i

In the developed world, a strategy of treating children with ; |
severe rotavirus infection early in the course of their disease could e |
be quite cost-effective given the high cost of hospitalization. In
developing countries, the availability of a cheap source of anti- 1 2 3 4 5 6 7 8
bodies both for prophylaxis and therapy could possibly help reduce
the mortality of the disease. Fig. 3. Radioimmunoprecipitation showing the binding of rotavirus anti-

gens by bovine antibodies from various preparations which have been used
in clinical trials. Briefly, 5ul of the bovine immunoglobulin sample were

mixed with 10ul of radiolabelled rotavirus-infected cell lysate or mock-
ROLE OF ANTIBODIES IN EXPERIMENTAL infected cell lysate in a total volume of 6Q0 of RIPA buffer. After

CAMPYLOBACTER JEJUNI INFECTION overnight incubation, protein G-coupled Sepharose beads were added and

. ) . S - allowed to incubate for 1 h. After repeated washes and boiling, the samples
Campylobacter jejuris a Gram-negative rod which is associated were analysed by SDS—PAGE. Lane 1 represents molecular size markers

with acute Gl Infect.l(_)n in humz.ins. Itis one of the most .commonand lanes 2—7 represent three immunoglobulin preparations (H7, SSA and
causes of enterocolitis world-wide. Several species of animals havi§z) which have been incubated with rotavirus antigens or a mock control.

_been shown to _tra.n.smit the infection to man. AIthqugh the diseas@ane 8 represents the result using a MoAb against the NSP4 protein. The
is usually self-limiting, severe sequels are occasionally seen anglative amounts of anti-NSP4 antibodies were calculated on the intensities
immunodeficient patients may become chronic carriers in spite 0bf the corresponding band (3%2% and 5%, respectively).
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colonization [49]. However, as these antibodies were derived from  Although a majority of adults in the USA are seropositive, the
the bile of immunized birds, the availability of material is severely protective role of circulating antitoxin antibodies has not been
limited. established. Defective humoral immunity in children has been

We recently described our own work on application of bovine associated with susceptibility to relapsir@gostridium difficile
immunoglobulins prepared from milk collected day 8—40 post-colitis, and use of gammaglobulin therapy reportedly results in
parturition [50] from cows immunized with a mixture of reference cessation of symptoms [55]. Colonic aspirates containing secretory
strains and 13 clinicaCampylobacter jejunand Campylobacter  IgA antitoxin may inhibit binding of toxin A to its intestinal
coli isolates, against infection in chickens. receptor and thereby prevent disease [56]. In animal models,

Prophylactic administration of bovine antibodies resulted in athe efficacy of both passive and active immunization has been
very marked reduction in the mean number of bactesi@906) demonstrated.
throughout an experiment where bacteria were administered orally Currently, Clostridium difficile ranks as one of the most
to 22-day-old chickens with or without addition of the bovine common causes of bacterial enteritis, and colonizes the intestines
immunoglobulin preparation (mixed with the bacterial suspensiorof approx. 20% of adult hospital in-patients [54] where chronic
1h prior to administration to the chickens). No additional anti- asymptomatic carriage is common [57]. Seven percent of patients
bodies were given to the animals and the result was followed by dailyvere culture-positive at admission and 21% of patients acquired
collection of faecal samples for 5 days At the end of the experimentClostridium difficile after admission through oral ingestion of
three of the five treated animals still remained culture-negativespores from the immediate environment or by contact with
whereas all of the 10 control animals were heavily infected. shared surfaces contaminated by an infected roommate [54]. Of

When bovine anti-Campylobacter antibodies were given tothese, most remained asymptomatic, but approximately one third
infected animals, a 50—80% reduction in the number of bacteria ideveloped diarrhoea.
the faecal samples was observed during the treatment phase Clostridium difficile demonstratesinvitro sensitivity to a
compared with control animals. In this experiment, 30-day-oldvariety of anti-microbial agents, but many of the agents which
chickens (8 days after the initial infection) were treated daily with have such activity are also implicated as permitt@igstridium
an oral administration of bovine antibodies. However, 3 days aftedifficile overgrowth. Currently, the most widely accepted agents
discontinuation of the antibody administration, the mean numbergor the treatment ofClostridium difficile colitis are vancomycin
of bacteria were again similar in both groups. and metronidazole. Although these two drugs demonstrate remark-

In the final therapeutic experiment, stable infected 34-day-oldable efficacy in the treatment of antibiotic-associated diarrhoea,
chickens (6 days after initial infection), were given two oral dosesvancomycin in particular has two major drawbacks: cost, and
of bovine antibodies or left untreated. Four hours after the finalsubstantial incidence of disease relapse.
treatment, the chickens were killed and quantitative faecal bacter- The Golden Syrian hamster provides the best characterized
ial cultures performed. There was a marked (62%) and statisticallanimal model ofClostridium difficile colitis [58]. Animals are
significant reduction in the mean number of Campylobacter aftetypically predisposed to disease by the administration of clinda-
administration of antibodies and>890% reduction in the number mycin. Following oral challenge with viabl€lostridium difficile
of bacteria in a majority (six out of 10) of the treated animals. In thethe hamsters develop inflammation, ulceration and haemorrhage of
control group, the mean number of bacteria increased during the he intestinal mucosa, lethargy and severe, often fatal, diarrhoea.
day course of the experiment, resulting in a 82% overall reductionTreatment with bovine immunoglobulins agai@bstridium dif-
in the number of bacteria in the treatment group at slaughter. ficile for 3 days prior to and 10 days post single oral challenge with

The prophylactic potential of orally administered antibodies live bacteria protected six out of nine hamsters, whereas three
againstCampylobacter jejunhas hitherto not been explored in treated and all non-treated animals died [59].
man. One possible indication would be as short-term prophylaxis Purified Clostridium difficile Toxin A induces marked fluid
against traveller's diarrhoea, where recent estimates suggest thagcretion and intestinal inflammation when injected into intestinal
up to 50% of all cases may be associated with Campylobacteloops [53]. However, bovine immunoglobulins agai@$bstridium
infection [51]. Furthermore, workers in the poultry industry might difficile substantially inhibited toxin-induced enterotoxicity in the
benefit from prophylactic treatment in order to prevent or mitigaterat ileal loop [60]. Furthermore, histological examination of ileal
disease during the initial phases of occupational exposure. It malpop tissues showed significant damage, as reflected by increases in
also be applied in immunodeficient patients who are especialhyhistology score, in tissues exposed to toxin. Enteritis was, however,
prone to infection withCampylobacter jejuni significantly decreased in animals receiving bovine antibodies
againstClostridium difficile whereas non-immune control immu-
noglobulins showed no effect [60].

No clinical studies inClostridium difficileinfected patients
have as yet been reported using bovine immunoglobulins. A
Clostridium difficile the causative agent of antibiotic-associated preparation similar to that described above was, however, given
diarrhoea and pseudo-membranous colitis, is a microaerophilido normal volunteers to evaluate IgG recovery. Data suggested that
Gram-positive, spore-forming, rod-shaped organism that is a proportion of the antibodies -@-38%) survived the passage
common cause of nosocomial infection [52]. Pathogenic strainghrough the entire Gl tract and this fraction may be increased by
produce two large protein exotoxins. Toxin A, first described insimultaneous administration of omeprazol or by encapsulation
1980 [53], is responsible for intestinal inflammation, mucosal[61]. An additional observation obtained during these studies
damage and fluid secretion, whereas toxin B is cytotoxic. Sympwas the direct correlation between the total Gl transit time and
toms may range from asymptomatic carriage to potentially fataloverall bovine IgG recovery, suggesting that colonic degradation
pseudomembranous colitis, and there is a substantial incidence afso limits the survival of the 1gG.
relapsing disease following initial successful therapy [54]. A follow-up study in volunteers with an ileostomy but other-

ANTIBODY THERAPY IN CLOSTRIDIUM
DIFFICILE INFECTION
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wise apparently normal Gl function [62] evaluated the amount ofare potentially effective for management of chronic diarrhoea
orally administered bovine IgG surviving passage to the smalwhen cryptosporidiosis is identified as the causative organism [11].
intestine. Almost 50% of the oral dose of bovine IgG was  The potential efficacy of immune colostrum in treating and/or
recoverable, and this IgG retained its sped@lostridium difficile ~ preventing cryptosporidial infection has been demonstrated in
antigen-binding activity and Toxin A neutralization capability. several animal models. Fayer and coworkers [73] demonstrated
Thus, it is not surprising that small bowel pathogens are amenablthat treatment with colostral whey obtained from an immunized
to bovine antibody therapy, and substantial delivery of intact IgGcow significantly reduced the number @f. parvum organisms

to the caecum also supports potential efficacy against causes @fund in BALB/c mice after oral inoculation with live oocysts.
infectious colonic diarrhoea such as causedClystridium difficile Further, it appeared that protection was mediated by specific anti-
sporozoite activity, since significantly fewer sporozoites were
found in mice challenged by rectal administration of isolated
sporozoites incubated with immune colostrum than in animals
receiving sporozoites incubated in control colostrum or Hanks’
The obligate parasit€ryptosporidium parvun{C. parvun) is a balanced salt solution.

protozoan that infects the Gl tract and, rarely, the biliary tract of  Perryman and coworkers [74] reported that MoAbs to
humans. Infection with this organism can result in a debilitatingC. parvum raised in ascites, an€@- parvum immune bovine
diarrhoea with associated dehydration and malnutrition. Typicallyserum, and antE. parvumimmune bovine colostral whey all
the organism is found in the small bowel, primarily the jejunum; neutralized the infectivity oC. parvumsporozoites for mice in a
however, cryptosporidia have been found in the pharynx, bronchitime-dependent manner. Neutralization of sporozoites with MoAbs
oesophagus, stomach, duodenum, gallbladder, ileum, appendiand bovine serum was significant after 20 min, but greatest
colon, and rectum of immunocompromised hosts. The organisnfiollowing 30 min of incubation. Neutralization of sporozoites
appears to infect most vertebrate groups and can be spread by bot#fith bovine colostral whey, however, was virtually complete
zoonotic and person-to-person (primarily faecal—oral) mechanafter 10 min of incubation. The ability of colostral whey to quickly
isms. It is also likely that indirect transmission via water, food, neutralize sporozoites within the gut lumen may be important in
and fomites is common [63]. reducing infection following ingestion and in diminishing auto-

Cryptosporidiosis is a common infection in humans, with high infection resulting from sporozoite release in the host. In a second
rates of recovery of the Cryptosporidium organism from patientsexperiment, antts. parvumimmune colostral whey also success-
with diarrhoea noted worldwide, as well as evidence of seroprefully reduced infectivity scores in mice orally challenged with
valence rates of 25—35% in the USA and 64% in South America20 000 oocysts; neither immune bovine serum nor MoAbs against
[64]. In western countries, 6—43% of small children presenting sporozoite-specific antigens provided significant protection com-
to medical centres with gastroenteritis have harboured Cryptopared with their respective controls.
sporidium oocysts, and in third world countries the rates have When sections of mouse intestine were examined histologi-
ranged from 3% to 30% [63]. In the USA, chronic diarrhoea due tocally at 72 h post-infection, the reduction in parasite numbers in
C.parvum infection primarily affects immunocompromised animals treated with purified IgG2 or IgM was approximately half
patients, with T lymphocyte dysfunction resulting from infection that seen with colostral whey, 1gG1, or IgA [75]. All reductions
with HIV being the single most important predisposing factor were highly significant® <0-0001) for all treatment groupgersus
[65,66]. Other immunocompromised states in which cryptospor-control animals. This also confirmed that purified immunoglobulin
idiosis is found include congenital hypogammaglobulinaemia,fractions from immune colostral whey possess distinct anti-para-
measles, and patients undergoing cancer chemotherapy or immaitic activity, whether or not other active factors are present in
nosuppressive therapy. In third world countries, marasmus anflovine whey.
other forms of childhood malnutrition are the most common In previous literature reports, a total of 20 parvuminfected
predisposing factors [63]. immunocompromised patients, at least three of whom were pae-

In the immunologically competent patient, cryptosporidiosis diatric patients, were treated with either non-specifi€ gparvum
may exacerbate and remit, but is generally a self-limiting diseasespecific bovine immunoglobulin [11-13,69-71,76,77]. In all of
The incubation period is 4-14days, and symptoms of profusg¢hese cases, immunoglobulin was administered by an oral, naso-
watery diarrhoea and abdominal cramps typically persist for 5-gastric or nasoduodenal route, and the duration of treatment was
11days or, rarely, as long as 4 weeks [67,68]. In the immunodefifrom 1 to 21 days. In the three studies using specific @xparvum
cient host, however, the diarrhoea can become irreversible and lifédsovine colostrum and in one study using non-specific bovine
threatening due to profound fluid loss and malabsorption [69,70]immunoglobulin concentrate, most patients experienced successful
These patients usually present with a prolonged, life-threateningeduction or elimination of clinical symptoms (primarily diar-
cholera-like illness. Vomiting, weakness, malaise, and low gradehoea). In another study in which a non-specific colostrum product
fever are often noted; fluid loss in excess of 3/day is common, was administered to three patients, no clinical improvement was
and up to 17/day of watery faeces has been reported [71]. noted (Table 6).

At present, no effective treatment for cryptosporidiosis exists.  In a recently reported study [78] of a bovine immunoglobulin
Although more than 90 chemotherapeutic, biologic, and anti-concentrate preparation specific for the treatmenCoparvum
diarrhoeal agents have been tested clinically against this disordedjarrhoea associated with AIDS in adult patients, there was a
none has proved efficacious. Current therapy is primarily supporsignificant decrease in stool weight, and a decrease in stool
tive, involving a regimen of anti-diarrhoeal agents, fluid frequency in response to antibody therapy. The study enrolled 24
replacement, nutritional supplements, and discontinuation ofotal patients: 16 patients witkC. parvuminfection only, four
immunosuppressive  drugs in specific patient populationgatients with C. parvum plus other non-C. parvum infection,
[69,70,72]. Recent studies have shown that bovine immunoglobulinthree patients with non-specific diarrhoea with no identifiable

BOVINE ANTIBODY TREATMENT OF CRYPTO-
SPORIDIUM PARVUM-INDUCED DIARRHOEA
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Table 6. Outcome of studies on the clinical effect of orally administered bovine immunoglobulins on
Cryptosporidium parvuninfection in immunocompromised patients

Reference Preparation No. of patients Clinical effect

[11-13] Non-immune 7 5 of 7 cleared the parasite

[14] Non-immune 1 Diarrhoea and oocyst excretion
resolved

[69] Immune 3 1 decreased diarrhoea/reduced

oocyst excretion, 1 reduced oocyst
excretion only

Non-immune 2 Both decreased diarrhoea volume
[70,77] Immune 3 Diarrhoea and oocyst excretion
resolved
[72] Immune 1 Diarrhoea and oocyst excretion
resolved
[76] Non-immune 3 No effect
[78] Immune 20 12 patients receiving powder

formulation had decreased stool
weight/increased body weight,

8 patients receiving capsules had
no response

pathogen, and one with an untreatable opportunistic infection. Thereventing diarrhoea in 10 volunteers orally challenged with one of
16 patients in th€. parvuminfection only group were randomized the ETEC strains used for immunization, whereas nine of 10
to receive the product in either a powdered formulation or ancontrols developed diarrhoed €0-:0001). In the second trial
encapsulated formulation; all other patients received the powderef80], bovine antibodies against purified ETEC colonization factor
formulation. Mean body weight also increased b§Kg compared  antigens (CFA) were evaluated. The milk-derived antibodies
with baseline in patients witkC. parvumreceiving the powdered protected 14 of 15 subjects from clinical diarrhoea, whereas
bovine antibody concentrate. seven of 10 volunteers receiving a placebo preparation developed
symptoms P < 0-002).

In newborn infants, the protective effect of breast feeding in
limiting E. coli infection is well recognized. Passively transferred
factors in human milk include antibodies, lactoferrin and lactoper-
Diarrhoea may result from infection with one or more strains of oxidase [82]. Supplemental bovine milk-derived antibody prepara-
Escherichia coli The enterotoxigeni&. coli (ETEC) strains are tions in infant feeding formulas have been used to treat active
the most common cause of diarrhoea in travellers to the les&EPEC disease in infants in one of the earliest controlled studies
developed countries [79,80]. Regrettably, large scale use of praising antibodies [83]. Sixty hospitalized infants (10days to
phylactic antibiotics by travellers has resulted in the developmenti.8 months of age) with active EPEC diarrhoea were treated for
of multiresistant organisms. EnteropathogeBicoli (EPEC) are  10days with 1 g/kg body weight/day of a specific milk immuno-
an important cause of acute infectious diarrhoea in young childremglobulin concentrate (MIC). Among 51 patients infected with
throughout the world, and a major contributor to infant mortality in E. coli strains also present in the vaccine which was used to
developing nations [41]. The enterohaemorrhdgicoli (EHEC) immunize the cows used for their production of the antibody
are recognized as key intestinal pathogens in the development @ireparation, 84% became stool culture-negative following treat-
extra-intestinal sequelae due to their elaboration of Shiga-likement, whereas only one of nine infants infected with strains not
toxins [81]. Severe complications such as haemolytic uraemiancluded in the vaccine (controls) became negatiPe<Q-01).
syndrome due tde. coli O157:H7 have recently been attributed Faecal recovery of bovine immunoglobulins from infant feeding
to food-borne contamination in countries around the world. studies has proved that these antibodies survive Gl passage as intact

To cause diseasE, coli must first adhere to colonize the upper molecules, and active fragments and stool extracts from these infants
small bowel. ETEC strains then elicit diarrhoea by secretingprovided protection in a mouge coli challenge model [84].
enterotoxins that have a direct fluid-secreting effect on the intest- A prophylactic, double-blinded, placebo-controlled field study
inal mucosa. While antibiotic agents can be successfully used tin 232 infants receiving an average ofl2 MIC/kg body weight/
treat this generally mild to moderate diarrhoea in travellers, fear oflay (as a 1% admixture in the formula) was not successful in
promulgating wide-spread anti-microbial resistant strains noweducing the incidence of diarrhoea or impacting the isolation of
limits their prophylactic use. A substitute therapeutic with virtually EPEC organisms from stool in symptomatic subjects [41]. The
no side-effects would be a welcome alternative. The effectivenesisolation rate of EPEC bacteria was significantly lower in asymp-
of bovine antibodies in protecting volunteer subjects against oratomatic than symptomatic subjects. Inadequate intake of a suffi-
pathogen challenge has been demonstrated in two separate, doublent amount of specific ank- coli antibodies, due to the dilution
blind studies. In the first study [81], a multiple-antig&ncoli- with a similar product derived from non-immunized cows, may
specific milk immunoglobulin concentrate was 100% effective in have accounted for the negative results in this particular study.

THE ROLE OF BOVINE ANTIBODIES IN
INFECTIONS CAUSED BY ESCHERICHIACOLI
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Recent outbreaks dt. coli O157:H7 in the USA and Japan can therefore not effectively neutralize the most common serotypes
have resulted in the deaths of a number of children due to §1-4] in man. Through immunization, a 100-fold increase in the
haemolytic uraemic syndrome. Antibiotic therapy is not recom-amount of relevant anti-rotavirus antibodies can be achieved [10],
mended early in the infectious process, as disruption of the bacteribut when these antibodies are diluted with immunoglobulins from
in the gut may cause release of Shiga-like toxins (SLT) and/omon-immunized animals (1% admixture of the specific immuno-
exacerbate toxin absorption. As the prevalence of EHEC in cattle iglobulin preparations), no prophylactic effect is either to be
high, colostral antibodies are thought to contribute to the protectiorexpected or actually observed in clinical trials [32].
of newborn calves against these organisms. Lissner and coworkers The titre of antibodies against different pathogens is usually
[81] have demonstrated aimvitro efficacy of specific bovine measured by ELISA, but unfortunately, neutralizing titres for the
immunoglobulins from non-immunized cows in neutralizing the preparations used for therapy are not always determined. Further-
cytotoxic activity of SLT-1 and SLT-Il EHEC toxins on Vero cells more, these titres are usually not adjusted for the immunoglobulin
and inhibition of the cytolytic activity on human erythrocytes content of the products and comparison between different clinical
invitro. Therefore, antibody neutralization of EHEC toxins may trials is therefore difficult. Although there exists a relationship
be protective if administered sufficiently early in the course of thebetween the ELISA titre and the neutralizing titre, the correlation is
disease. far from perfect and conclusions on the potential efficacy of the
product cannot be drawn from ELISA titres alone. It should also be
noted that differences in the neutralizing antibody titre against the
various serotypes may affect the outcome of a clinical trial depending
Bovine colostrum has been used therapeutically in man foon the circulating serotype at the time of the study. This is also
decades. However, as the active component resides in the Ig&levant for the vaccination strategy employed, where one would
fraction, it is being replaced by purified immunoglobulin prepara-have to try to reach a high titre against all serotypes and a high
tions. This also leads to a transition from using a poorly definedamount and affinity of the antibodies may thus be crucial for success.
biological product to applying a defined pharmaceutical drug. Still, The concentration of immunoglobulins in the intestine of
there is a need for standardization if it is to be recognized by thenormal healthy adults is in the order of 10—100 m@he propor-
regulatory agencies, and as only the genes encoding the heawpn of specific antibodies would be expected to constitute a very
chain constant region genes of bovine IgGl and IgG2 weresmall fraction thereof €1/1000) even in individuals who are
previously known, we recently cloned the bovipe[85], 43 immune to the pathogen in question. In the normal human adult,
[86], « [87] and e [88] genes. The sequences will allow us to approx.5g of IgA are produced and secreted at mucosal surfaces
make peptides against suitable epitopes and thus to generagach day. The corresponding level in an infant would thus be
antisera which recognize the different isotypes. This work isexpected to be in the order of83-1 g/day which, provided that the
performed as a part of an ongoing IUIS effort to characterizechild has previously been vaccinated or has suffered from infec-
immunoglobulins in different animal species and to supply mono-tion, is sufficient to render him or her immune against subsequent
clonal bovine antibodies of different classes and subclasses agtacks by the same pathogen. Indeed, the daily oral administration
‘golden’ standards. of 600mg of human immunoglobulin from normal donors (con-

The differing results which have been obtained in the clinicaltaining approx. 360 mg of IgA), presumably immune against a
studies published to date may cast some doubt on the concept wériety of pathogens, has been reported to be sufficient as prophy-
using bovine immunoglobulins for human therapy. This is likely to laxis against necrotizing enterocolitis in premature infants [5].
be due to differences in study design or in the quality of the The dose of immunoglobulin needed for oral prophylaxis or
preparation itself where the specificity, titre and subclass compositherapy has not been clearly defined as yet and may be dependent
tion of the antibodies may differ. on the survival of the antibodies in the Gl tract. When using human

The class and subclass composition of a given product may, dgG, approx. 10—-25% of orally administered human IgG survives
least theoretically, be of importance for the clinical outcome. Inthe passage through the Gl tract in children or adults with diarrhoea
colostrum, 1gG1 antibodies constitute the vast majority of all[91,92], and IgA is also detectable in the stool of premature
antibodies (due to a selective transport mechanism at the time atildren treated prophylactically with orally administered human
parturition), whereas in milk-derived immunoglobulin products, IgA [5]. A number of clinical studies have also shown detectable
the proportion of IgG1 is reduced. Antibodies against an antigeramounts of bovine 1gG in faeces after oral administration
which induces mainly or exclusively IgG2 or IgG3 would then be [34,61,86,93—99], where a Gl survival of 10—20% of bovine 1gG
present in minute amounts in colostrum or a colostrum-derivedn a macromolecular form has been shown in adult patients with
product. Thus, as bovine antibodies against rotavirus are largelgiarrhoea and in new-born infants. If the survival could be
restricted to IgG1 [89,90], a reduced proportion of IgG1 in milk- increased, by protecting the proteins from the acidic content of
derived products may actually result in a product which is inferiorthe stomach and/or proteolytic enzymes, the immunoglobulin dose
from a therapeutic point of view. The poor response in therequired could be lowered and thereby also the cost.
therapeutic trial against rotavirus using milk-derived antibodies Digestion of proteins begins with the hydrochloric acid in the
[34] may thus be a result of both the low amount of antibodies usedtomach. The low pH denatures the protein which makes peptide
and the proportionally reduced content of IgG1 antibodies. bonds inside the protein accessible for the endopeptidases, the

Specific antibodies against a variety of pathogens are present ipepsins, secreted in the stomach. These are only active below
non-immunized cows, but the amount of antibodies is clearly noppH 30 and 15% of the peptide bonds are hydrolysed in the
sufficient for a therapeutic effect in man. For example, while non-stomach. In the duodenum endopeptidases (trypsin and chymo-
immunized cows possess moderate levels of antibodies againstypsin), and exopeptidases from the pancreas, hydrolyse 50% of
rotavirus, acquired through natural exposure, these antibodies athe peptide bonds. The secretion of these enzymes seems to be
directed against bovine serotypes (mainly serotypes 6 and 10) anégulated by a feedback mechanism, i.e. excess of enzymes (all

DISCUSSION
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