Comparative Medicine
Copyright 2009
by the American Association for Laboratory Animal Science

Vol 59, No 2
April 2009
Pages 163-167

Bovine Colostral Antibody Against Verotoxin 2
Derived from Escherichia coli O157:H7: Resistance
to Proteases and Effects in Beagle Dogs

Takashi Kuribayashi,' Tetsuro Seita,' Mariko Matsumoto,' Katsunori Furuhata,? Kazutoshi Tagata,' and Shizuo Yamamoto'’

A bovine colostral antibody against verotoxin (VT) 2 of Escherichia coli O157:H7 was administered orally to beagle dogs. The
antibody remained in the dogs” small intestine for at least 2 h, whereas little serum antibody remained 1.5 h after administration.
Furthermore, the antibody activity of secretory IgA did not change until 2 h after administration; however, the activity of IgG and
IgM antibodies decreased by approximately 60% and 40% at 2 h after administration, respectively. Seven beagle dogs inoculated
with Escherichia coli O157:H7 producing VT2 were administered bovine colostral antibody or bovine colostral whey without
antibody. With administration of bovine colostral whey without antibody, the amount of VT2 in feces decreased gradually after
administration and increased again at 5 d after inoculation, whereas bovine colostral antibody significantly reduced the amount
of VT2 in feces on the day after administration. In addition, 9 beagle dogs were given bovine colostral antibody, bovine plasma
antibody, or saline. The amount of VT2 in feces again decreased significantly more rapidly after administration of bovine colostral
antibody than after administration of bovine plasma antibody or saline.

Abbreviations: EHEC, enterohemorrhagic Escherichia coli; VT, verotoxin.

In July 1996, a widespread outbreak of enterohemorrhagic Es-
cherichia coli (EHEC) O157:H7 infection occurred among school-
children in Sakai, Japan, followed by numerous other similar
outbreaks of food poisoning throughout the country.** Escherichia
coli O157:H7 infection is monitored in Japan, in accordance with
the Infection Diseases Control Law, and in 2005, 3589 cases were
reported.”” Enterohemorrhagic Escherichia coli infection occurs in
many industrialized nations®' and is an emergent infectious dis-
ease of significant clinical importance.'*"*?

Therapeutic approaches for EHEC infection are the subject of
widespread discussion.”®*! Generally, the treatment for bacterial
food poisoning is antibiotic administration. However, antibiotic
therapy is not recommended for food poisoning caused by EHEC
infection, because it increases the risk of serious complications,
such as hemolytic uremic syndrome, due to the release of vero-
toxin (VT) from killed bacteria. Therefore, alternative therapeutic
approaches, such as inhibiting VT activity or absorption from
the intestine, are required. We previously obtained a colostral
antibody against VI2 from cows immunized with the toxin and
confirmed the neutralization efficacy of this reagent against VT2
in mice.” However, before this bovine colostral antibody can be
administered to patients infected with E. coli O157, its resistance
to decomposition by intestinal proteases must be investigated.
Each immunoglobulin class reportedly differs in its resistance
to protease degradation in vitro,'*!'® 22628 but such resistance has
not been confirmed in vivo. Furthermore, few animal models are
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available for evaluating for E. coli O157:H7 infection. The weaned
immature mouse model has been used to study E. coli O157:H7
infection and VT,”® and beagle dogs pretreated with fradiomycin
before inoculation with E. coli O157:H7 developed diarrhea. We
chose to use this canine model in the current study.

In this study, we investigated the resistances of bovine colostral
antibody and individual immunoglobulin classes to proteases in
the small intestine of beagle dogs. We also evaluated the efficacy
of this colostral antibody against VT2 in beagle dogs.

Materials and Methods

Microorganisms and VT2 detection. The human isolate of E. coli
0157:H7 producing VT2 used in this study was cultured by using
brain heart infusion broth (Becton Dickinson, Franklin Lakes, NJ)
for 48 h, and culture supernatant was obtained by centrifugation
(1600 x g, 20 min). Microorganisms were suspended in sterile sa-
line and diluted to 1 x 10° CFU/mL for administration to beagle
dogs.

VT2 in culture medium and feces was measured by using a
commercial kit (VTEC RLPA, Denka Seiken, Tokyo, Japan) based
on reversed passive latex agglutination.

Animals. Nine beagle dogs (8 male and 1 female; age, 1 y; Saita-
ma Experimental Animals Supply, Saitama, Japan) and 23 male
beagle dogs (age, 1 y; AQS, Chiba, Japan) were used. Four male
Japanese white rabbits (Saitama Experimental Animals Supply)
and 2 dairy cows (age, 6 to 8 y; 3 to 4 month prior to delivery) bred
at a cattle farm in Shimane Prefecture, Japan, also were used.

Dogs and rabbits were reared individually in cages housed
in an animal room maintained at a temperature of 22 +2 °C and
humidity of 60% + 10% with a 12:12-h light:dark cycle (lights on,
0700 to 1900) and 15 air changes per hour. Dogs were fed a com-
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mercial chow (Oriental Yeast, Tokyo, Japan) and were allowed
free access to water.

All experiments conformed to Japanese regulations concerning
animal care and use, as specified in the Guidelines for Animal Ex-
perimentation' and were approved by the Animal Research Com-
mittee of Azabu University.

Immunization of cows with VT2. Two pregnant dairy cows
(ages, 6 and 8 y; 3 to 4 mo before delivery) were immunized®
to obtain sufficient bovine colostral and plasma antibody for the
study. To obtain serum antibody, the cows initially were immu-
nized intradermally with culture supernatant containing VT2
that had been mixed (1:1) with Freund complete adjuvant (Difco
Laboratories, Detroit, MI), after which they were inoculated 13
more times at 7-d intervals with 1 mL of VT2-containing culture
supernatant (no adjuvant).

Preparation of colostral whey without antibody. Colostrum was
treated to obtain colostral whey in the same manner as to obtain
bovine colostral antibody against VT2.'* Therefore, skim milk was
obtained by centrifuging the colostrum at 1600 x g for 15 min to
remove butterfat. Skim milk (1 L) then was mixed with 100 mg
rennet (MP Biochemicals, Solon, OH), incubated overnight at 22
°C, and centrifuged at 2200 x g for 20 min. Bovine colostral anti-
body was obtained by filtering the supernatant over a membrane
filter (pore size, 22 um).

Preparation of bovine plasma, bovine serum, and rabbit serum
antibodies against VT2. Blood was collected from the cervical vein
of VT2-immunized cows and centrifuged at 1600 x g for prepara-
tion of bovine plasma antibody.

Japanese White rabbits were immunized with culture medium
containing VT2 suspended in Freund complete adjuvant (Difco
Laboratories; 1:1 v/v ratio of medium to adjuvant) and boosted
every 7 d for a total of 22 times by using culture supernatant only
(no adjuvant). Rabbits were euthanized under pentobarbital anes-
thesia and exsanguinated. Antisera were obtained by centrifuga-
tion at 2200 x g for 20 min.

Measurement of neutralization titer. Titers of bovine colostral
antibody, bovine serum antibody, and rabbit serum antibody were
evaluated by neutralization tests according to standard methods
using Vero cells."* Colostral antibody (40 uL) diluted from 2- to
2048-fold was mixed with 40 uL cell culture medium (MEM, Nissui
Pharmaceutical, Tokyo) containing VT2. These mixtures were incu-
bated overnight at 37 °C, after which 100 uL Vero cells was added
to each antibody sample and cultured for 2 d. The neutralization
titer was measured based on the number of dead Vero cells.

Estimation of resistance to intestinal proteases in beagle dogs.
Eight beagle dogs were divided into 2 groups for administration
of bovine colostral antibody or rabbit serum antibody. Each dog
was fasted for 18 h and received 50 mL bovine colostral antibody
or rabbit serum antibody orally. Dogs were euthanized by over-
dose of pentobarbital under anesthesia at 1.5, 2, 3, or 4 h after
administration, and small intestinal fluid was collected. Because
the small intestine was empty at the 4-h time point, a sample was
not obtained. Small intestinal fluid was passed over a membrane
filter (pore size, 0.20 um) and was stored at —80 °C until further
use.

Measurement of activities of bovine colostral and serum anti-
bodies by ELISA. The concentration of VT2 was adjusted with 0.05
mol/L sodium hydrogen carbonate buffer (pH 9.6) and trans-
ferred to 96-well immunoplates (Nunc, Roskilde, Denmark). To
all wells, 1% gelatin in 0.05 mol/L sodium hydrogencarbonate
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buffer (pH 9.6) was added at 200 puL per well to block nonbinding
sites. After wells were washed, small intestinal fluid including
bovine colostral antibody or rabbit serum antibody was added
at 100 puL per well. Antibodies against to bovine immunoglobulin
(Monosan, Uden, The Netherlands) were added at 100 uL per
well only to wells containing wash samples from small intestine
fluid after administration of bovine colostral antibody. Antibodies
against rabbit immunoglobulin-coupled peroxidase (MP Biomed-
icals, Costa Mesa, Canada) were added to all wells at 100 mL per
well. After wells were washed, 2,2-aminodi(3-ehtylbenzthiazoline
sulphonic acid (Invitrogen, Carlsbad, CA) in citrate buffer (pH
4.2) was added at 100 mL/well, and absorbance at 415 and 492
nm was measured by using an immunoplate reader.

Comparison of resistance of each immunoglobulin class to in-
testinal proteases in beagle dogs. Bovine colostral antibody (50
mL) or bovine serum antibody (50 mL) was administered orally
to 4 beagle dogs in each group. Beagle dogs were euthanized by
overdose of pentobarbital under anesthesia at 1.5,2, or 3or4 h
after administration of antibody and the intestines were removed
for collection of intestinal fluid. Collection of intestinal fluid at4 h
after administration was attempted but was unsuccessful. Small
intestinal fluid was passed over a membrane filter (pore size, 0.20
um) and stored at —80 °C until further use.

Measurement of activity of each immunoglobulin class in small
intestinal fluid by ELISA. Horseradish peroxidase-conjugated
antibodies against bovine IgA (VMRD, Pullman, WA), bovine
IgM (VMRD), and IgG (VMRD) were prepared as described
previously' and used in ELISAs to measure the activity of each
immunoglobulin class in the small intestine. Horseradish peroxi-
dase-conjugated (Wako Pure Chemical Industries, Osaka, Japan)
antibodies were prepared as described previously.?

VT2 was adjusted with 0.05 mol/L sodium hydrogencarbonate
buffer (pH 9.6) and transferred to immunoplates (Nunc). To all
wells, 1% gelatin in 0.05 mol/L sodium hydrogencarbonate buffer
(pH 9.6) was added at 200 uL per well to block nonbinding sites.
After wells were washed, small intestinal fluid collected from bea-
gle dogs was added at 100 uL per well. Horseradish peroxidase-
coupled antibody was added at 100 mL per well. After washing,
2,2-aminodi (3-ehtylbenzthiazoline sulphonic acid (Invitrogen)
in citrate buffer was added at 100 pL per well. Absorbance at 415
and 492 nm was measured by using an immunoplate reader.

Neutralization efficacy of bovine colostral antibody against VT2
in beagle dogs inoculated with E. coli O157:H7. Comparison be-
tween bovine colostral antibody and colostral whey. To eliminate
native enterobacterial flora, beagle dogs were given fradiomycin
sulfate (Nippon Kayaku, Tokyo, Japan) at 50 mg/kg daily for 3 d
prior to inoculation with E. coli O157:H7. Dogs then were fasted
for 18 h and then were inoculated orally through a feeding tube
with 5 mL E. coli O157:H7 in physiologic saline (1 x 10° CFU/
mL). On the day after inoculation of E. coli, fosfomycin sodium
(50 mg/kg; Meiji Seika Kaisha, Tokyo, Japan) was administered.
Fecal samples were collected daily after E. coli O157:H7 inocula-
tion, and fecal characteristics were noted. After confirmation of
increased VT2 in feces, beagle dogs were divided into 2 groups:
4 dogs received bovine colostral antibody (100 mL each), and 3
dogs received bovine colostral whey without antibody (100 mL
each). Titers in feces are shown as geometric means. Unpaired
Student ¢ tests (Statview, Hulinks, Tokyo, Japan) were used to
compare titers before and on the day after administration of bo-
vine colostral antibody or colostral whey without antibody.



Comparison of bovine colostral antibody, serum antibody, sa-
line. Nine beagle dogs divided into 3 groups were treated with
fradiomycin sulfate (Nippon Kayaku), inoculated with E. coli
0157:H7, and given fosfomycin (Meiji Seika Kaisha) as described
in the previous paragraph. Each group of 3 beagle dogs was given
either bovine colostral antibody, plasma antibody, or saline (dose,
100 mL) after confirmation of increased VT2 in feces. Titers in
feces are shown as geometric means. Unpaired Student f tests
(Statview, Hulinks) were used to compare titers before and the
day after administration of bovine colostral antibody, plasma an-
tibody, or saline.

Results

Neutralization titer of bovine, plasma, and serum antibodies.
The neutralization titer of colostral antibody obtained from the
6-y-old cow against VI2 was 1:32 by neutralization test according
to standard methods using Vero cells. The titer of bovine plasma
antibody obtained from the same cows was 1:8. The neutralization
titer of colostral antibody obtained from the 8-y-old cow against
VT2 was 1:128; the titer of bovine serum antibody obtained from
the same cows was 1:32. Both bovine colostral whey from nonim-
munized cows and rabbit serum antibody lacked neutralization
activity against V2.

Antibody activities of bovine colostral antibody and rabbit se-
rum antibody recovered from small intestines of beagle dogs. The
activity of the bovine colostral antibody did not change for the
first 2 h after administration (Figure 1). At 3 h after administra-
tion, activity was decreased to approximately 4% of the baseline
level. In contrast, the activity of rabbit serum antibody decreased
immediately after administration, giving values of 10% of base-
line levels at both 1.5 and 2 h after administration. The activities
of both bovine colostral antibody and rabbit serum antibody were
approximately 4% of baseline values at 3 h after administration.

Activities of IgA, 1gG, and IgM antibodies in small intestinal fluid
recovered from beagle dogs. At 2 h after administration of bovine
colostral antibody, the activity of IgG antibody in small intestinal
fluid harvested from beagle dogs (Figure 2) was decreased by
approximately 60%, activity of IgM antibody was decreased by
approximately 40%, but activity of secretory IgA was essentially
unchanged. At 3 h after administration, the activity of secretory
IgA antibody had decreased by 50%, whereas those of IgG and
IgM antibodies were 10% and 17% of baseline values, respec-
tively. At 1.5 h after administration of bovine serum antibodies,
the activities of IgG and IgM both were approximately 20% of
control levels, whereas IgA activity was approximately 50% of
the baseline value.

Neutralization efficacies of bovine colostral antibody and whey
in beagle dogs inoculated with E. coli O157:H7. Beagle dogs re-
ceived oral bovine colostral antibody when the amount of VI2 in
feces was 1:40.7, and the amount decreased significantly (P < 0.05)
to 1:12.6 on the day after antibody administration (Figure 3). The
titer of VT2 in feces was 1:13.5 on the day when bovine colostral
whey (no antibody) was given, 1:7.9 on day 2, and 1:26.9 at 5 d
after inoculation of E. coli O157:H7.

Neutralization efficacies of bovine colostral and plasma antibod-
ies in beagle dogs inoculated with E. coli O157:H7. The amount of
VT2 in the feces of beagle dogs decreased significantly (P < 0.05)
from 1:40.8 to 1:3.2 on the day after administration of bovine co-
lostral antibody and reached 1:1.3 at 7 d after inoculation of bac-
teria (Figure 4). In addition, the amount of VT2 in feces decreased
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Figure 1. Activities of bovine colostral and rabbit serum antibodies re-
covered from the small intestine. Beagle dogs each received 50 mL bo-
vine colostral antibody or rabbit serum antibody orally. Samples of fluid
from the small intestine were collected at 1.5, 2, and 3 h after administra-
tion of antibody. Antibody activities are given in terms of absorbance, as
measured by ELISA. The time 0 value represents the antibody activity
before administration.

on the day after administration of bovine plasma antibody or
saline (from 1:20.0 to 1:6.3 and from 1:20.0 to 1:10.0, respectively)
and continued to decrease gradually thereafter.

Discussion

We previously obtained a bovine colostral antibody against
from VT2-immunized cows and confirmed its neutralization ef-
ficacy against VT2 in mice given VT2 or inoculated with E. coli
0157:H7 producing VT2." If this bovine colostral antibody is to
be administered orally to patients infected with E. coli O157:H7,
it must be resistant to protease degradation in the digestive tract.
We thus investigated the resistance of this bovine colostral anti-
body to intestinal proteases in beagle dogs, which were presumed
to secrete proteases more abundantly than do mice and therefore
suitable for extrapolation of results to humans.

Because beagle dogs inoculated with live E. coli O157:H7 (1
x 10° CFU/ml) without pretreatment with antibiotics lacked
symptoms such as diarrhea (data not shown), we were unable
to use untreated healthy dogs in the current study. beagle dogs
with normal enterobacterial flora may not be sensitive to E. coli
0157:H7. The dogs used in the current study were pretreated
with fradiomycin sulfate to alter their indigenous enterobacterial
flora and had slight to severe diarrhea after inoculation with E.
coli O157:H7. Aminoglycoside antibiotics, such as fradiomycin
sulfate, are poorly absorbed and largely pass through the intes-
tine.*” We allowed 1 d after administration for excretion of fra-
diomyecin sulfate from the intestine prior before inoculating the
dogs with E. coli O157:H7. Therefore, we feel that treatment with
fradiomycin sulfate did not influence the elimination of E. coli
0O157:H7.

The bovine colostral antibody to VI2 remained relatively un-
changed for 2 h after administration, whereas that of the rabbit
serum antibody was decreased significantly at 1.5 h after admin-
istration. In addition, the activity level of secretory IgA colostral
antibody remained near baseline at 2 h after administration and
that of IgG antiVT2 was approximately 60% of baseline at the
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Figure 2. Class-specific activities of immunoglobulins [IgG, IgM, and secretory IgA (s-IgA)] recovered from the small intestine of beagle dogs after adminis-
tration of bovine colostral antibody or serum antibody. Samples of fluid from the small intestine were collected at 1.5, 2, and 3 h after administration of anti-
body. Antibody activities are given in terms of absorbance, as measured by ELISA. The time 0 value represents the antibody activity before administration.
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Figure 3. Changes in fecal VT2 levels after administration of bovine co-
lostral antibody or whey in beagle dogs inoculated with Escherichia coli
0157:H7. Fosfomycin (50 mg/kg) was administered on the day after in-
oculation. Vertical arrows indicate the administration of 100 mL bovine
colostral antibody or whey. The reciprocals of neutralizing test (NT) tit-
ers to VT2 are plotted on the ordinate. *, P < 0.05 (unpaired Student ¢
test) compared with day 3 value.

same time point. These results suggest that bovine colostral an-
tibody is more resistant to proteases than is serum antibody in
vivo.

Secretory IgA is more resistant to pepsin than is serum IgA, be-
cause the presence of secretory component (SC) protects against
proteolysis in vitro."7182427-3%0 T ess than 15% of secretory IgA was
digested during an in vitro experiment with papain.?” In the pres-
ent study, secretory IgA activity in the beagle dog intestine re-
mained for at least 2 h after administration of bovine colostral
antibody, similar to its resistance in vitro.??? In contrast, IgG,
was digested completely in vitro, but activity levels remained at
approximately 60% of pretreatment values in the present study.
These results suggest that both secretory IgA and IgG antibod-
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Figure 4. Changes in fecal VT2 levels after administration of bovine
colostral or plasma antibody or saline in beagle dogs inoculated with
Escherichia coli O157:H7. Fosfomycin (50 mg/kg) was administered on
the day after inoculation. Vertical arrow indicates the administration of
100 mL of bovine colostral antibody, bovine plasma antibody, or saline,
respectively. The reciprocals of neutralizing test (NT) titers to VI2 are
plotted on the ordinate. *, P < 0.05 (unpaired Student ¢ test) compared
with day 3 value.

ies contribute to the resistance of bovine colostral antibody to
intestinal proteases. Therefore, the bovine colostral antibody
against VT2 appears to be resistant to intestinal proteases and
able to maintain its neutralizing activity against VI2 in the diges-
tive tract.

The amount of VT2 in the feces of our beagle dogs decreased
significantly on the day after administration of bovine colostral
antibody. In contrast, the amount of VT2 in feces was slightly
decreased on the day after administration of colostral whey (no
antibody) and actually was increased at 2 d after administration.
Due to commensal flora, E. coli O157:H7 does not flourish in the



mouse intestine.” This finding suggests that VT2 is not neutral-
ized by colostral whey and that E. coli O157:H? is able to survive
and reproduce. Colostrum from nonimmunized cows with an-
tibodies against numerous pathogens showed efficacy in mice
infected with E. coli O157:H7.%'¢ Our results suggest that the co-
lostral antibody we obtained from cows immunized with VT2 is
more effective at neutralizing VT2 than were the bovine reagents
produced previously.®*¢

The amount of VT2 in feces decreased significantly the day
after administration of bovine colostral antibody but not after
plasma antibody or saline. This result suggests that bovine plas-
ma antibody was digested by proteases, as was that in rabbit
serum, and therefore decreased more rapidly than did bovine
colostral antibody in the beagle dog intestine. Therefore, plasma
antibody likely would not neutralize VT2 effectively because of
rapid degradation by proteases. In contrast, colostral antibody
(which includes secretory IgA and IgG components) was resistant
to protease degradation and showed sulfficient neutralization ef-
ficacy against VT2 in the intestine.

Bovine colostrum containing antibodies has already been used
to treat human rotavirus infection.>>” However, that reagent was
not evaluated in regard to degradation in the small intestine. We
therefore investigated the resistance to proteases in the small
intestine and efficacy against VT2 of the present bovine colos-
tral antibody. Our results indicate that colostrum obtained from
pathogen-immunized cows may be useful for neutralizing toxins
and pathogens. Bovine colostral antibody against VT2, which
contains IgG and secretory IgA, showed resistance to proteases in
the small intestine of beagle dogs, thus suggesting the possibility
of resistance to proteases in the human intestine. Treatment with
both fosfomycin sodium and bovine colostral antibody improves
the survival of mice infected with E. coli O157:H7." In the future,
combination therapy with antibiotics and bovine colostral an-
tibody against VT2 may prevent serious complications, such as
hemolytic uremic syndrome, of EHEC infection.
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