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  ABSTRACT 

  Enterohemorrhagic Escherichia coli (EHEC) O157:H7 
is a major cause of intestinal disease and hemolytic ure-
mic syndrome, a serious systemic complication that par-
ticularly affects children. Cattle are primary reservoirs 
for EHEC O157:H7 and the main source of infection for 
humans. Vaccination of cattle with different combina-
tions of bacterial virulence factors has shown efficacy 
in decreasing EHEC O157:H7 shedding. It is, therefore, 
important to demonstrate whether vaccination of preg-
nant cows with EHEC O157:H7 induces high titers of 
transferable antibodies to avoid early colonization of 
calves by the bacteria. In this study we evaluated the 
ability of EspA, EspB, the C-terminal fragment of 280 
amino acids of γ-intimin (γ-intimin C280) and inacti-
vated Shiga toxin (Stx) 2 proteins to induce specific 
antibodies in colostrum and their passive transference 
to colostrum-fed calves. Friesian pregnant cows immu-
nized by the intramuscular route mounted significantly 
high serum and colostrum IgG responses against EspB 
and γ-intimin C280 that were efficiently transferred to 
their calves. Antibodies to EspB and γ-intimin C280
were detected in milk samples of vaccinated cows at d 
40 postparturition. Significant Stx2-neutralizing titers 
were also observed in colostrum from Stx2-vaccinated 
cows and sera from colostrum-fed calves. The results 
presented showed that bovine colostrum with increased 
levels of antibodies against EHEC O157:H7 may be ob-
tained by systemic immunization of pregnant cows, and 
that these specific antibodies are efficiently transferred 

to newborn calves by feeding colostrum. Hyperimmune 
colostrum and milk may be an alternative to protect 
calves from early colonization by EHEC O157:H7 and 
a possible key source of antibodies to block colonization 
and toxic activity of this bacterium 
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INTRODUCTION

  Enterohemorrhagic Escherichia coli (EHEC) 
O157:H7 is a major etiologic agent of diseases in hu-
mans, whose clinical spectrum includes diarrhea, hem-
orrhagic colitis, and hemolytic uremic syndrome, the 
leading cause of chronic renal failure in children in Ar-
gentina and several other countries (Karch et al., 2005; 
Repetto, 2005). This bacterium produces 2 major types 
of Shiga toxins (Stx1 and Stx2), which are responsible 
for systemic damage (Scheutz and Strockbine, 2005). 
Current treatment is largely limited to supportive 
care, as no specific regimen against an E. coli O157:H7 
infection exists and the use of antibiotics is not recom-
mended. One reason for not using antibiotics is that the 
release of Stx from the bacterium following antibiotic 
treatment can worsen the clinical course (Tarr et al., 
1988). 

  The main reservoir for EHEC O157:H7 is healthy 
cattle, which harbor this organism in their intestinal 
tract (Karmali, et al., 2010), especially in the lymphoid 
follicle-dense mucosa at the terminal rectum (Naylor et 
al., 2003). Fecal contamination of meat during slaugh-
ter, the use of raw manure as fertilizer, and the con-
tamination of drinking water are major ways by which 
this organism can enter the human food chain. 

  In addition to Shiga toxins, EHEC O157:H7 is char-
acterized by other virulence-associated traits, which 

toxin 2 proteins from Escherichia coli O157:H7 induces high levels 
of specific colostral antibodies that are transferred to newborn calves 
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enable it to colonize the intestinal mucosa of humans 
and animals with characteristic attaching and effacing 
lesions of intimately attached bacteria and effacement 
of the absorptive microvillar brush (Kaper et al., 2004). 
The attaching and effacing activity is mediated by the 
bacterial adhesin intimin, its translocated receptor Tir, 
and several effector proteins, which are translocated 
into the epithelial cell by a type 3 secretion system 
(TTSS) encoded by the locus of enterocyte effacement 
chromosomal pathogenicity island (McDaniel et al., 
1995). Proteins EspA and EspB are 2 TTSS trans-
locator proteins required, for the transit of effector 
proteins across the host cell membrane; EspA forms a 
filamentous structure through which effector proteins 
are translocated into the host cell (Kenny et al., 1997), 
whereas EspB is translocated into the host cell and 
contributes, in turn, to the creation of a pore in the 
eukaryotic cell membrane (Ide et al., 2001).

Many virulence factors of EHEC O157:H7 induce 
an immune response in the course of cattle and hu-
man infections. Oral inoculation of calves and steers 
with EHEC O157:H7 promotes an increase in serum 
antibody titers against O157 LPS and neutralizing 
antibodies to Stx (Johnson et al., 1996). More re-
cently, Bretschneider et al. (2007) have demonstrated 
that cattle respond serologically to intimin and EspB 
of EHEC O157:H7 during the course of experimental 
infection. Antibodies against these proteins have also 
been detected in serum during both human EHEC (Li 
et al., 2000) and enteropathogenic E. coli infections 
(Martinez et al., 1999) and in colostrum and milk 
from healthy women (Loureiro et al., 1998; Manjarrez-
Hernandez et al., 2000; Parissi-Crivelli et al., 2000; 
Noguera-Obenza et al., 2003).

Vaccines targeting EHEC virulence determinants to 
prevent colonization of host cells by E. coli O157:H7 
have been assessed with variable results in cattle (Pot-
ter et al., 2004; van Diemen et al., 2007; McNeilly et al., 
2008; Smith et al., 2008; McNeilly et al., 2010; Vilte et 
al., 2011) and other animal models (Dean-Nystrom et 
al., 2002; Judge et al., 2004; Agin et al., 2005; Babiuk 
et al., 2008; Yekta et al., 2011). We have previously 
demonstrated that a vaccine containing EspB and the 
C-terminal fragment of 280 AA of γ-intimin (γ- intimin 
C280) can decrease EHEC O157:H7 shedding following 
oral inoculation in cattle (Vilte et al., 2011). In this 
study, we aimed to determine whether systemic vaccina-
tion of pregnant cows with γ-intimin C280, EspA, EspB, 
and Stx2 could induce specific antibodies in colostrum 
that could be efficiently transferred to colostrum-fed 
calves. Passive immunization with specific antibodies 
may have the potential to decrease EHEC O157:H7 
colonization in hosts such as cattle or humans.

MATERIALS AND METHODS

Animals

The study included 25 Friesian pregnant cows with 
an average age of 4 yr and more than 2 lactations. 
Prior to immunization, fecal samples of all animals 
were confirmed to be negative for E. coli O157:H7 by 
immunomagnetic separation performed as described 
elsewhere (Vilte et al., 2011). During the period before 
delivery and immediately after delivery, the diet was 
special TMR composed of corn, soy, sorghum grains, 
sorghum cotton seeds, alfalfa hay, and mineral salts, 
with a gradual change to a similar TMR complemented 
with balanced food and free grazing on alfalfa after 
delivery and for the following 10 d. All but one of the 
deliveries was natural. Calves were allowed to stay with 
their dams and sucking colostrum for 48 h. Colostrum 
feeding of calves was monitored for a period no lon-
ger than 6 h after birth and proper colostration was 
checked by the glutaraldehyde test (Clabough et al., 
1989). All of the experiments were performed at the 
Estación Experimental Agropecuaria Rafaela, Insti-
tuto Nacional de Tecnología Agropecuaria (Santa Fé, 
Argentina), with the ethical approval of the Instituto 
Nacional de Tecnología Agropecuaria Animal Welfare 
Committee.

Production of Recombinant EspA, EspB,  
280

Histidine-tagged EspA, EspB and γ-intimin C280 genes 
from O157:H7 strain 146N were cloned in pRSET-A 
vector (Invitrogen Corp., Carlsbad, CA) and expressed 
in E. coli BL21 (D3)/pLysS, as described previously 
(Vilte et al., 2008). The amino-terminal His-tagged 
proteins were purified from the lysates by affinity 
chromatography on nickel-agarose columns (ProBond 
nickel-chelating resin; Invitrogen Corp.), eluted under 
denaturing conditions, and dialyzed in PBS at pH 7.4.

Production of Stx2

Escherichia coli DH5α transformed with plasmid 
pGEMT-Stx2 was used to obtain the Stx2 protein 
(Creydt et al., 2004). Shiga toxin 2 was purified by 
affinity chromatography in an agarose-galabiose resin 
(Calbiochem Corp., La Jolla, CA) under native condi-
tions (Goldstein et al., 2007). To determine the purity 
of Stx2, fractions were immunoblotted with either a 
monoclonal anti-verotoxin II B subunit or with a mono-
clonal anti-verotoxin II A subunit (both from Biodesign 
International Inc., Saco, ME) directed against the B 
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or A subunits of Stx2. This purification procedure re-
sulted in approximately 1 ng of recombinant Stx2/μL, 
as determined by the Bradford method. For complete 
inactivation of Stx2, aliquots of 500 μL were heated 
for 10 min at 75°C. Inactivated Stx2 was used as im-
munogens.

Immunization Protocol and Sample Collection

Four separated groups of 5 pregnant cows each were 
i.m. immunized at 60, 40, and 20 d before delivery with 
100 μg of EspA, EspB, or γ-intimin C280, or with 100 
μg of inactivated Stx2, respectively, diluted in 1 mL 
of PBS and mixed with 1 mL of mineral oil-based ad-
juvant (Montanide ISA206; Seppic, Paris, France). A 
control group of 5 animals received only PBS plus the 
adjuvant.

Serum samples were collected from cows at the time 
of the first immunization and at the delivery, as well as 
from calves at 24 h of birth, and stored at −20°C until 
further processing. Colostrum samples were obtained 
from cows within the first 24 h after parturition. Milk 
samples were collected on d 40 of lactation. Colostrum 
samples were delipidated for immune assays by centrif-
ugation (1,070 × g at 4°C for 45 min) and the watery 
phase was stored at −20°C.

Quantification of Anti-EspA, Anti-EspB, 
280 Antibodies

Serum and colostrum samples were analyzed for the 
presence of IgG antibodies against EspA, EspB, and 
γ-intimin C280, by an ELISA as described previously 
(Vilte et al., 2011). Briefly, microtiter plates (Nunc Im-
muno MaxiSorp; Nunc A/S, Roskilde, Denmark) were 
coated with 100 μL of either EspA, EspB, or γ-intimin 
C280 at 1 μg/mL in PBS (pH 7.4) and then incubated 
overnight at 4°C. After washing with PBS (pH 7.4) 
containing 0.05% Tween 20 (PBS-T), nonspecific 
binding sites were blocked with PBS-T containing 5% 
skim milk for 1 h at 37°C. Then, 100 μL of 100-fold 
diluted serum or colostrum was added to each well, 
and the plates were incubated for 2 h. After washing, 
wells were incubated for another hour with 100 μL of 
sheep anti-bovine IgG conjugated with horseradish 
peroxidase (Bethyl Laboratories, Montgomery, TX), at 
a dilution of 1:8,000 in PBS-T. Plates were washed 4 
times. Then, 2,2 -azino-di-(3-ethyl-benzthiazoline sul-
fonic acid) (ABTS; Amresco Inc., Solon, OH) substrate 
in citrate-phosphate buffer (pH 4.2) plus 0.01% H2O2 
(100 μL/well) was added. Reactions were stopped after 
10 min with 100 μL of 5% SDS per well and the opti-
cal density (OD) was read at 405 nm (OD405). The 
antibody titers of serum and colostrum were expressed 

in OD405. Specific IgG1 and IgG2 in colostrum were 
detected by an indirect ELISA using the reagents and 
protocol described previously (Parreño et al., 2004). In 
addition, pools of colostrum and milk samples of each 
group of animals were examined by Western blot to 
confirm the specificity of the antibodies measured by 
ELISA.

Stx2 Neutralization Assay

For the neutralization assay, Stx2 diluted in Mini-
mum Essential Medium (MEM; Gibco; Life Technolo-
gies Corp., Carlsbad, CA) at a concentration able to in-
hibit cell viability by 80% was incubated with different 
dilutions of bovine colostrum or calf serum for 1 h at 
37°C with shaking. These cocktails were then assayed in 
Vero cell culture by using the neutral red assay adapted 
from a previously described protocol (Creydt et al., 
2004). Briefly, Vero cells were plated in 96-well plates 
and grown to confluence in complete MEM medium. 
Then, cells were incubated under growth-arrested con-
ditions either with Stx2 alone or with the cocktails for 
72 h and the neutral red uptake determined. Results 
are expressed as percentage of cell viability and 100% 
represents cells incubated under identical conditions 
but without the toxoid treatment.

Statistical Analysis

Serum ELISA data within each group of cows, be-
tween control- and hyperimmune colostrum-fed calves 
and between colostrum from the immunized and the 
control group of cows were compared using the Stu-
dent’s t-test. For Stx2 neutralization assays, the statis-
tical significance between 2 mean values obtained for 
2 different experimental conditions was also calculated 
by the Student’s t-test. Data are shown as mean ± 
standard error of the mean. In all cases, P-values of 
<0.05% were considered significant.

RESULTS

Specific IgG Activities in Serum and Colostrum  
of Immunized Lactating Cows

High titers of serum IgG antibodies against γ-intimin 
C280 (P < 0.01) and EspB (P < 0.05) were observed 
in vaccinated cows at delivery (Figures 1A and 1B), 
but not against EspA (Figure 1C). Vaccination of dams 
also resulted in induction of high titers of IgG antibod-
ies against EspB (P < 0.01) and γ-intimin C280 (P < 
0.001) in colostrum, compared with those in the control 
group (Figure 2). On the other hand, a small antibody 
response was induced in the colostrum from the EspA-



Journal of Dairy Science Vol. 95 No. 6, 2012

HYPERIMMUNE COLOSTRUM AGAINST ESCHERICHIA COLI O157:H7 3321

vaccinated group (P = 0.05). Western blotting assays 
confirmed the specificity of the responses measured by 
ELISA (Figure 3A), as recombinant EspA, EspB, and 
γ-intimin C280 were recognized by colostrum samples. 
Pools of milk samples obtained from vaccinated cows 
on d 40 of lactation still contained antibodies reactive 
by Western blot with EspB and γ-intimin C280 (Figure 
3B). The main anti-γ-intimin C280 and anti-EspB IgG 
isotype present in colostrum was IgG1. Titers of IgG1 
and IgG2 against γ-intimin C280 were 87,040 and lower 
than 100, respectively, whereas titers of IgG1 and IgG2 
against EspB were 8,800 and lower than 25, respec-
tively.

Specific IgG Activities in Serum from Neonatal 
Calves Fed with Hyperimmune Colostrum

Calves fed colostrum from their immunized dams 
exhibited higher titers of serum IgG antibodies against 
γ-intimin C280 (P < 0.05) and EspB (P < 0.05) than 
calves fed colostrum from the control cows, although 
no significant difference existed in anti-EspA IgG titers 
(Figure 4).

Inhibition of Stx2 Cytotoxicity in Vero Cells  
by Bovine Colostrum and Calf Serum

Colostrum from Stx2-vaccinated cows and sera from 
the corresponding colostrum-fed calves exhibited high 
Stx2-neutralizing activity (P < 0.001) compared with 
their respective control groups. Colostrum inhibited 
the Stx2 cytotoxicity in Vero cells in a dose-dependent 
manner. A protective effect of colostrum was observed 
when Stx2 was preincubated with 1:100, 1:300, and 
1:1,000 colostrum dilutions (Figure 5A). In contrast, 
colostrum from the control group did not have Stx2-
neutralizing activity. Colostrum from both the control 
and Stx2-vaccinated groups increased Stx2 cytotoxicity 
in Vero cells at 1:10 dilution. These results suggest the 
presence of cytotoxic substances other than anti-Stx2, 
which have the capacity to cause cytotoxic effects on 
Vero cells. Sera from calves fed with colostrum from 
Stx2-immunized cows also neutralized the cytotoxicity 
of Stx2 in Vero cells when the toxoid was preincubated 
with serum at 1:10 and 1:100 dilutions. These effects 
were not observed in sera from calves fed with colos-
trum from control cows (Figure 5B).

DISCUSSION

Bovine colostrum is a pre-milk substance available 
immediately postpartum, which contains protective 
antibodies that are passively acquired by the newborn 
calf. In humans, the transfer of maternal IgG to the 

Figure 1. Immunoglobulin G responses in cows vaccinated with 
γ-intimin C280 (A), EspB (B), and EspA (C) measured by ELISA. 
Data are shown as mean optical density read at 405 nm (OD405) ± 
standard error of the mean. A significant increase in serum IgG against 
the γ-intimin C280 and EspB was observed at delivery (*P < 0.05; **P 
< 0.01).
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blood stream of the neonate occurs in utero across 
the placental membrane. In other species, including 
ruminants, transfer of maternal immunoglobulins to 
the neonate occurs exclusively via colostrum feeding. 
The bovine transfers large amounts of IgG, and IgG1 
in particular, from the blood stream across the mam-
mary barrier into colostrum (and milk) by a specific 
transport mechanism. Bovine colostrum and milk also 
contain much smaller amounts of locally produced IgA 
and IgM (Baintner, 2007).

Evidence that bovine colostrum is a rich source of 
immunoglobulin and contains neutralizing antibodies 
against enteric pathogens has been known for decades 
(Kelly, 2003). During the course of E. coli O157:H7 
infection, cattle respond by producing serum and mu-
cosal antibodies that target the pathogen (Hoffman et 
al., 2006; Bretschneider et al., 2007; Nart et al., 2008). 
In a previous work, we detected IgG antibodies against 
EHEC O157:H7, particularly EspA, EspB, and the 
highly specific γ-intimin C280 in colostrum samples from 
dairy cows (Vilte et al., 2008). However, the presence 
and level of these IgG antibodies are unpredictable and 
depend on the previous immune challenge. Conversely, 
the hyperimmune bovine colostrum (HBC) produced 
by immunizing cows against EHEC O157:H7 could 
contain much higher levels of virulence factor-specific 
IgG antibodies.

Passive immunization with HBC or HBC-derived im-
munoglobulins against several enteric pathogens, such 
as rotavirus, porcine epidemic diarrhea virus, Shigella 

dysenteriae, Cryptosporidium parvum, Helicobacter 
pylori, and E. coli, has been successfully applied in ani-
mals and humans by several authors since 1975 (Leifer-
man et al., 1975; Fayer et al., 1990; Sarker et al., 1998; 
Opekun et al., 1999; Ashraf et al., 2001; Shibata et 
al., 2001; Casswall et al., 2002). Casswall et al. (2000) 
obtained high titers of LPS-specific immunoglobulins 
in milk concentrates when cows were immunized with 
different serotypes of pathogenic E. coli but did not 
report specific antibody titers in cows. Tawfeek et al. 

Figure 2. Levels of IgG antibodies in colostrum measured by 
ELISA. Data are shown as mean optical density read at 405 nm (OD405) 
± standard error of the mean. At delivery, all vaccinated cows mount-
ed an IgG response against γ-intimin C280, EspB, and EspA, compared 
with that of nonvaccinated cows (**P < 0.01; ***P < 0.001).

Figure 3. Western blotting of EspA, EspB, and γ-intimin C280 
with pools of colostrum (A) or milk samples on d 40 of lactation (B), 
demonstrating the specificity of the IgG immune response. Lanes 1, 
2, and 3 = samples of vaccinated cows reacting with EspA, EspB, 
and γ-intimin C280, respectively; lanes 4, 5, and 6 = samples of pla-
cebo cows reacting with EspA, EspB, and γ-intimin C280, respectively. 
Colostrum samples were diluted 1:10. MW = molecular weight.
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(2003) demonstrated that an infant formula containing 
anti-E. coli colostral antibodies from hyperimmunized 
cows was effective in preventing diarrhea in infants and 
children in a field trial. Furthermore, Kuribayashi et al. 
(2009) investigated the resistance of bovine colostral 
antibody 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. They demonstrated that bovine 
colostral antibody against Stx2, 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 in-
testine.

It is well established that intimin and the bacterial 
type 3 secretion system are essential for the coloniza-
tion and persistence of EHEC O157:H7 in cattle (Dean 
Nystrom et al., 1998; Cornick et al., 2002: Sheng et al., 
2006). High serum and mucosal antibodies against some 
proteins belonging to the TTSS seem to protect cattle 
from EHEC O157:H7 colonization and to decrease the 
levels of bacterial shedding. In particular, intimin and 
EspB have been demonstrated to be highly protective 
antigens. These proteins were successfully assayed as 
immunogens in several experiments with different ani-
mal models and routes of immunization (Dean-Nystrom 
et al., 2002; Judge et al., 2004; Cataldi et al., 2008; 
McNeilly et al., 2010; Vilte et al., 2011; Yekta et al., 
2011). Moreover, investigations with colostrum prepa-
rations in animal models (Funatogawa et al., 2002) and 
estimations of the in vitro activity of rat serum IgG or 

chicken egg IgY antibodies that target EHEC O157:H7 
colonization antigens (Cook et al., 2007) have provided 
preclinical data supporting the use of anti-adherence 
antibodies to decrease EHEC O157:H7 colonization in 
hosts such as cattle or humans.

In this study, high titers of specific IgG antibod-
ies against EspB and intimin were induced in serum 
and colostrum by systemic immunization of pregnant 
cows with 3 doses of the corresponding recombinant 
antigens. These antibodies were efficiently transferred 
to the colostrum-fed calves. Serum and colostrum 
anti-EspA IgG titers induced by EspA were lower than 
those induced by intimin or EspB. These results are in 
accordance with our previous observations with colos-
trum from healthy cows, which recognized intimin and 
EspB, but not EspA (Vilte et al., 2008), suggesting 
that EspA is the least immunogenic of the 3 proteins. 
The intimin and EspB antibodies present in colostrum 
corresponded to the IgG1 isotype, which was consistent 
with a high IgG1 antibody response elicited by the vac-
cine that entered colostrum from the blood serum.

Cows immunized with inactivated recombinant Stx2 
exhibited high titers of Stx2-neutralizing antibodies 
in colostrum, which were efficiently transferred to the 
colostrum-fed newborn calves. In a previous study, 14 
doses of Stx2 at 7-d intervals were used to produce 
high titers of bovine neutralizing colostral antibodies 
(Kuribayashi et al., 2006), whereas in the present study, 
3 doses of vaccine were sufficient to produce colostrum 
showing high Stx2-neutralizing activity.

The protective effect of passive immunization with 
bovine colostrum on EHEC O157:H7 infection has been 
demonstrated in the mouse model. Funatogawa et al. 
(2002) observed that administration of a commercial 
immunoglobulin-enriched bovine colostrum to mice 
infected with EHEC O157:H7 inhibited attachment to 
the intestinal mucous membrane. Moreover, it has been 
demonstrated that bovine colostral antibodies against 
Stx1 or Stx2 increases survival rates in mice after ad-
ministration of Stx1 or Stx2, or inoculation with E. coli 
O157:H7 producing Stx1 or Stx2 (Kuribayashi et al., 
2006). Considering that Stx significantly enhance the 
capacity of EHEC O157:H7 to adhere to epithelial cells 
and to colonize the intestines of mice (Robinson et al., 
2006), colostrum antibodies against Stx2 could decrease 
this toxin-mediated increase in bacterial adherence.

CONCLUSIONS

Bovine colostrum with increased levels of antibod-
ies against EHEC O157:H7 was obtained by systemic 
immunization of cows, and specific antibodies were 
efficiently transferred to newborn calves by feeding 
colostrum. Hyperimmune colostrum and milk may be 

Figure 4. Levels of IgG in sera from calves measured by ELISA. 
Data are shown as mean optical density read at 405 nm (OD405) ± 
standard error of the mean. A significant increase in serum IgG against 
γ-intimin C280 and EspB was observed at 24 h postdelivery (*P < 
0.05).
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Figure 5. Shiga toxin (Stx)2 neutralization assays in Vero cells by bovine colostrum (A) and calf serum (B). Shiga toxin 2 at a concentration 
able to inhibit Vero cell viability by 80% was incubated with different dilutions of bovine colostrum or calf serum for 1 h at 37°C. Results are 
expressed as percentage of cell viability, and 100% represents cells incubated under identical conditions but without the toxin treatment. Data 
are shown as mean ± standard error of the mean of 3 experiments performed in sextuplicate (**P < 0.01; ***P < 0.001).
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an alternative to protect calves from early coloniza-
tion by EHEC O157:H7, which could result in lower 
contamination of the environment, and an attractive 
resource of specific antibodies. Further work is neces-
sary to address if these antibodies could be useful to 
block colonization and toxic activity of Stx2-producing 
EHEC O157:H7 in the human intestine.
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