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1 | INTRODUCTION

Abstract

A bovine IgG-enriched whey fraction contains antibodies against various bacterial
antigens. We investigated the protective effects of a bovine whey fraction prepara-
tion against infections with Enterohaemorrhagic Escherichia coli ©157:H7, Salmonella
enterica serovar Enteritidis, and Mycobacterium avium in mouse models. After infec-
tion with these pathogens, the IgG-enriched fraction or skim milk was given ad li-
bitum at a 5% solution instead of water. The mice given the IgG-enriched fraction
were significantly resistant to orally challenged EHEC O157:H7 (LD, : 4.0 x 10° CFU/
mouse) infections compared with the mice given skim milk (LD,: <1.5 x 10% CFU/
mouse). The mice given the IgG-enriched fraction were also significantly resistant to
orally challenged S. Enteritidis (LD : 5.0 x 10° CFU/mouse) infections compared with
the mice given skim milk (LD,: <2.5 x 10! CFU/mouse). When the mice were nasally
infected with M. avium, the numbers of the bacteria in lungs of mice given the IgG-
enriched fraction were significantly lower than those given skim milk 2 and 3 weeks
after infection. These results strongly indicate that oral administration of the bovine
lgG-enriched whey fraction protects mice against food-borne infection and also that

it partially protects mice against respiratory tract infection.
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& Griffin, 1998; Siegler, 1995). Vero/Shiga toxin produced by EHEC
plays an important role in the progression of hemorrhagic colitis to

Food-borne infections caused by Enterohaemorrhagic Escherichia
coli (EHEC) and Salmonella spp. are globally important, because of
considerable mortality especially in children (WHO: http://www.
who.int/news-room/fact-sheets/detail/e-coli  and  http://www.
who.int/news-room/fact-sheets/detail/salmonella-(non-typhoidal).
EHEC O157:H7 pathogens cause a server illness with diarrhea,

hemorrhagic colitis, and hemolytic uremic syndrome (HUS) (Mead

serious systemic complications such as HUS and neurological mani-
festations that can cause death (Akashi et al., 1994; Fujii et al., 1994;
Richardson et al., 1992; Siegler, 1995). Several outbreaks caused by
Salmonella spp. have been identified and are most commonly asso-
ciated with agricultural products (Hanning, Nutt, & Ricke, 2009).
Nontyphoidal Salmonella infection is usually characterized by a

self-limited gastroenteritis in immunocompetent hosts in developed
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countries. Typhoid (enteric) fever and its potential complications
have a significant impact on children in developing countries.
Several milk preparation products have been reported effective
as a prophylactic and treatment for food-borne infections (Ulfman,
Leusen, Savelkoul, Warner, & Neerven, 2018). Bovine colostrum
preparations obtained from cows immunized with antigens of various
human gastrointestinal infections were called “hyperimmunized milk”
(Golay, Ferrara, Felber, & Schneider, 1990). This milk is characterized
by high antibody activities against the specific organisms. Several clin-
ical trials indicate that immune cow colostrum can help in shortening
the duration of gastrointestinal infections (Ulfman et al., 2018). The
second generation is colostrum derived from healthy nonimmunized
pasture-fed cows. Early pioneering studies showed colostrum im-
munity against Salmonella infection in calves (Griffiths, 1969; Royal,
Robinson, & Duganzich, 1968), and more recent investigations showed
that an immunoglobulin preparation from nonimmunized cows con-
tains high levels of antibodies and neutralizing activity against Vero/
Shiga toxin of EHEC O157:H7 (Lissner, Schmidit, & Karch, 1996).

2 | MATERIALS AND METHODS

2.1 | Mice

Male Balb/c mice at 8 weeks of age were purchased from Oriental

Yeast Co., and were used in the experiments.

2.2 | lgG-enriched whey fractions and reagents

The IgG-enriched whey fraction (IgG25"; Aotearoa Co.) were prepared
from milk of pasture fed, nonimmunized healthy New Zealand cows by
New Zealand Dairy Group by centrifugation to remove fat and conden-
sation of immunoglobulin. The cows were never exposed to insecticidal
drugs, nor did they receive antibiotics or growth hormones. The com-
position of the powder of colostrum was as follows (w/w): 84.7% pro-
tein, <8.4% fat, 7.0 mg/g lactoferrin, and 327.7 mg/g immunoglobulin.
Antibodies, detected by an indirect enzyme-linked immunosorbent assay
(ELISA) using plates coating carious microorganisms, were defined as
positive when absorbance in ELISA for a 0.1% (v/w) powder solution was
>1.0 and 4 times higher than that of skim milk. The IMMULAC™ powder
contained antibodies against Bacillus cereus, Campylobacter jejuni, and
E. coliincluding O157:H7 strain, Helicobacter pylori, Klebsiella pneumoniae,
Listeria monocytogenes, Propionibacterium acnes, Salmonella Enteritidis,
Salmonella Typhimurium, Staphylococcus epidermidis, Streptococcus aga-
lactiae, Streptococcus mutans, S. pneumoniae, and Yersinia enterocolitica
(Funatogawa et al., 2002). Skim-milk powder was obtained from Meiji
Seika Co. The powder was dissolved into sterile water plates (100 ug/
ml). at a 5% solution. Streptomycin sulfate (Meiji Seika) was dissolved in
drinking water (5 g/L) or nutrient agar plates (100 pg/mL).

2.3 | Bacterial strains

Streptomycin-resistant E. coli O157:H7 strain (0157-SMR) (Fukuda
et al,, 1998) was provided by Dr. Yoshichika Arakawa, Nagoya

CWILEY-ZZ

University. These organisms were grown in brain heart infusion broth
at 37 °C for 24 hr. The viable numbers of these organisms were de-
termined using quantitative cultivation on nutrient agar plates sup-
plemented with streptomycin (50 pg/ml) for 0157-SMR. Salmonella
enterica serovar Enteritidis No. 11 F1 was provided by Dr. Masayasu
Nakano, Jichi Medical School. These organisms were grown in brain
heart infusion broth at 37°C for 24 hr. Mycobacterium avium MINO
was provided by Dr. Toshitaka Goto, Miyazaki University.

2.4 | Infection protocols

Groups of mice (n = 5 or 6 per group) were given drinking water that
did or did not contain streptomycin for 7 days before administrations
of E. coli 0157-SMR and S. enterica serovar Enteritidis No. 11 F1. The
grown E. coli and S. Enteritidis organisms were washed by saline and
suspended in saline. The bacterial suspensions (E. coli: 2 x 10! to
2x10°, S. Enteritidis: 2.5 x 10* to 2.5 x 10° CFU/mouse) were ad-
ministrated orally into mice. The IgG-enriched whey fraction or skim
milk was given ad libitum at a 5% solution instead of water from 1 hr
after bacterial challenges. Mice infection with E. coli 0157-SMR was
performed as described previously (Funatogawa et al., 2002). The
humane endpoint was set up as 20% body weight loss or inability to
access food or water after bacterial infection.

Bacterial suspensions of M. avium MINO were administrated into
mice at 40 pl of 1.6 x 10* CFU/mouse intranasally after anesthetizing
with 400 pl of 2.5% tribromoethanol intraperitoneally. After admin-
istration, drinking water was replaced by a solution containing the
IgG-enriched whey fraction or skim milk. Lungs were removed from
mice at 1, 2, and 3 weeks after infection, and homogenized, and then
viable numbers of M. avium in the homogenate were determined
using Middlebrook 7H11 agar (Difco Laboratories, MS).

2.5 | Statistical analysis

Statistical significance was determined by Student's t test for bacte-
rial counts and by the chi-square test for mortality.

2.6 | Ethics approval

Ethical approval was obtained from Ethical Committee of Tochigi
Prefectural Institute of Public Health and Environmental Science
(approval numbers: H30-000731).

3 | RESULTS

3.1 | Chemical and bacterial analysis of IgG-
enriched milk

ThelgG-enriched whey fraction contained 84.7% _ , of protein, 8.4%
m/mOf fat,0.9% _, of lactose, and 5.2% m/m Of moisture. It contained
327.7 mg/g of IgG, 7.0 mg/g of lactoferrin, and 10.0 mg/g of sIgA. In
the enriched-IgG whey fraction, Bacillus cereus, Clostridium perforin-
gens, Coagrase-positive staphylococcus species, Enterobacteriaceae,
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Coliform bacteria, E. coli, E. coli O157:H7, Listeria species, Cronobater

species, and Salmonella species were not detected.

3.2 | Effects of pretreatment of streptomycin on
Salmonella Enteritidis infection

Mice were given drinking water with streptomycin (5 ug/ml) or with-
out streptomycin for 7 days. After given nothing per os for 7 hr,
S. Enteritidis was orally inoculated in mice at indicated doses. After
inoculation, these mice were given drinking water without strepto-
mycin and fed normally, and were observed for survival for 4 weeks
(Table 1). The medium lethal doses (LD50 values) were 1 x 10° CFU/
mouse in streptomycin-pretreated mice and >1 x 10¢ CFU/mouse in
nontreated mice (Table 1).

3.3 | lgG-enriched fraction protect mice to
S. Enteritidis and EHEC infection

When inoculated 2.5 x 10 or 2.5 x 10% CFU of S. Enteritidis in mice,
all mice survived in the group of the IgG-enriched whey fraction ad-
ministration (Figure 1). The survival rates of mice decreased in the
group in the dose-dependent manner of the numbers of inoculated
S. Enteritidis from 2.5 x 10° to 2.5 x 10® CFU/mouse, with LD, of
5 x 10° CFU/mouse (Figure 1), whereas no mouse survived in the
group of skim-milk administration when inoculated from 2.5 x 10* to
2.5 x 10° CUF/mouse, with LD, of< 2.5 x 10* CUF/mouse (Figure 1).

When inoculated 2 x 10* or 2 x 102 CFU of EHEC in mice, all
mice survived in the group of the IgG-enriched whey fraction ad-
ministration (Figure 1). The survival rates of mice decreased in the
group in the dose-dependent manner of the numbers of inoculated
S. Enteritidis from 2 x 10% to 2 x 10° CFU/mouse, with LD, of 4 x 10°
CFU/mouse (Figure 2). When inoculated 2 x 10 and 2 x 10? CFU of
EHEC in mice, 2 of 6 and 3 of 6 mice survived in the group of skim-
milk administration, respectively (Figure 1). No mouse survived in
the group of skim-milk administration when inoculated from 2 x 10°
to 2 x 10’ CUF/mouse, with LD, of<1.5 x 10? CUF/mouse (Figure 2).

TABLE 1 Effects of streptomycin (SM) pretreatment on
susceptibility to S. Enteritidis in mice

Survival (alive/total)?

Inoculating doses  SM-pretreated mice No treated mice

(CFU) (alive/total) (alive/total)
1.0x 10° 5/5 5/5
1.0 x 10* 0/5 3/5
1.0x 10° 0/5 4/5
1.0 x 10° 0/5 3/5

“Mice were given drinking water with streptomycin (SM; 5 pg/ml) or
without SM for 7 days. S. Enteritidis was orally inoculated in mice at in-
dicated doses. After inoculation, these mice were given drinking water
without streptomycin and fed normally, and were observed for survival
for 4 weeks.

3.4 | lgG-enriched fraction inhibited the growth of
M. avium in lungs of mice

When inoculated with 1.6x10* CFU/mouse of M. avium, the numbers
of CUF in lungs did not increase from 1 to 3 weeks after inocula-
tion in the group of the IgG-enriched whey fraction administration,
whereas the numbers of CFU in lungs increased from 1 to 3 weeks
after inoculation in a time-dependent manner in the group of skim-
milk administration (Figure 3). As the results, the numbers of CFU
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FIGURE 1 Protective effects of the IgG-enriched whey fraction
(1gG25%) against S. Enteritidis infection in mice. Mice were given
drinking water that contained streptomycin for 7 days before
administrations of S. Enteritidis No. 11 F1. S. Enteritidis was
administrated orally into mice (2.5 x 10! to 2.5 x 10° CFU/mouse).
The IgG-enriched whey fraction (in dark gray) or skim milk (in light
gray) was given ad libitum at a 5% solution instead of water from

1 hr after bacterial challenges. The humane endpoint was set up

as 20% body weight loss or inability to access food or water after
bacterial infection
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FIGURE 2 Protective effects of the IgG-enriched whey
fraction (IgG25") against Escherichia coli 0157-SMR infection in
mice. Mice were given drinking water that contained streptomycin
for 7 days before administrations of E. coli 0157-SMR. E. coli was
administrated orally into mice (2 x 10* to 2 x 10° CFU/mouse). The
IgG-enriched whey fraction (in dark gray) or skim milk (in light gray)
was given ad libitum at a 5% solution instead of water from 1 hr
after bacterial challenges. The humane endpoint was set up as 20%
body weight loss or inability to access food or water after bacterial
infection
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in lungs in the group of the IgG-enriched whey fraction administra-
tion were significantly smaller than those in the group of skim-milk
administration.

The IgG-enriched preparations did not show direct bactericidal
effects in vitro, when S. Enteritidis and EHEC were incubated with
more than 7% of the IgG-enriched whey fraction solutions (data not

shown).

4 | DISCUSSION

Bovine IgG-enriched preparations protect bacterial infections on
several levels via enhancing clearance of pathogens, preventing
colonization, and modulating immune functions (Funatogawa et al.,
2002; Ulfman et al., 2018). Our previous in vitro study using sec-
tions made from the cecum wall demonstrated that 5% solution of
immunoglobulin-enriched bovine colostrum significantly blocked
the attachment of EHEC O157 to mucous membrane and inhibits
the colonization of the bacteria (Funatogawa et al., 2002).

This is the first report that oral administration of bovine IgG-
enriched preparations suppressed the respiratory tract infection
caused by M. avium in mice, although several animal studies have
shown effects of bovine IgG and colostrum in viral respiratory tract
infections, including respiratory syncytial virus infection in mice
(Xu, Kim, Wi, & Kim, 2015) and influenza virus infection in mice (Ng,
Wong, Muller, Rawlin, & Brown, ). An early study demonstrated that
0.7% of 125l-labeled bovine IgG was uptaken by intestinal tracts of
adult rats, when intestinally administrated. The data suggest that
bovine 1gG uptaken via intestinal tracts directly inhibit the growth
of M. avium. Interferon-y production plays a major role of immunity
against infection with M. avium as well as Mycobacterium tuberculosis
(van de Vosse, Hoeve, & Ottenhoff, 2004). The protective effects,
therefore, would be explained by the activation of intestinal immu-

nity against M. avium by bovine IgG.
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FIGURE 3 Mpycobacterium avium MINO was administrated
into mice 1.6 x 10* CFU/mouse intranasally. After administration,
drinking water was replaced by a solution containing the IgG-
enriched whey fraction or skim milk. Lungs were removed from
mice at 1, 2, and 3 week(s) after infection, and viable numbers of
M. avium in lungs were determined
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5 | CONCLUSION

Oral administration of a bovine IgG-enriched whey fraction pro-
tects mice against food-borne infections with Enterohaemorrhagic
Escherichia coli O157:H7, Salmonella enterica serovar Enteritidis, and
Mycobacterium avium, and it partially protects mice against respira-

tory tract infection.

ACKNOWLEDGMENTS

This study was supported by a grant of AOTEAROA Co., Ltd.

CONFLICT OF INTEREST

M.T. works for Aotearoa Co., Ltd.

ETHICAL STATEMENT

The protocols and procedures of animal experiments in this study
were ethically reviewed and approved by Ethical Committee of
Tochigi Prefectural Institute of Public Health and Environmental
Science (approval numbers: H30-000731). This work does not in-
volve any human studies.

REFERENCES

Akashi, S., Joh, K., Tsuji, A., Ito, H., Hoshi, H., Hayakawa, T., ... Mori, T.
(1994). A severe outbreak of haemorrhagic colitis and haemolytic
uraemic syndrome associated with Escherichia coli O157:H7 in Japan.
European Journal of Pediatrics, 153(9), 650-655.

Fujii, J., Kita, T., Yoshida, S., Takeda, T., Kobayashi, H., Tanaka, N., ...
Mizuguchi, Y. (1994). Direct evidence of neuron impairment by oral
infection with verotoxin-producing Escherichia coli O157:H- in mito-
mycin-treated mice. Infection and Immunity, 62(8), 3447-3453.

Fukuda, T., Kimiya, T., Takahashi, M., Arakawa, Y., Ami, Y., Suzaki, Y.,
... Uchida, T. (1998). Induction of protection against oral infection
with cytotoxin-producing Escherichia coli O157:H7 in mice by shiga-
like toxin-liposome conjugate. International Archives of Allergy and
Immunology, 116(4), 313-317.

Funatogawa, K., Ide, T., Kirikae, F., Saruta, K., Nakano, M., & Kirikae, T.
(2002). Use of immunoglobulin enriched bovine colostrum against
oral challenge with enterohaemorrhagic Escherichia coli O157:H7 in
mice. Microbiology and Immunology, 46(11), 761-766.

Golay, A, Ferrara, J. M., Felber, J. P., & Schneider, H. (1990). Cholesterol-
lowering effect of skim milk from immunized cows in hypercholes-
terolemic patients. American Journal of Clinical Nutrition, 52(6), 1014~
1019. https://doi.org/10.1093/ajcn/52.6.1014

Griffiths, O. V. (1969). Colostral immunity against salmonella infection
in calves. New Zealand Veterinary Journal, 17(3), 50-50. https://doi.
org/10.1080/00480169.1969.33779

Hanning, I. B., Nutt, J. D., & Ricke, S. C. (2009). Salmonellosis outbreaks
in the United States due to fresh produce: Sources and potential in-
tervention measures. Foodborne Pathogens Disease, 6(6), 635-648.

Lissner, R., Schmidit, H., & Karch, H. (1996). A standard immunoglob-
ulin preparation produced from bovine colostra shows antibody
reactivity and neutralization activity against Shiga-like toxins
and EHEC-hemolysin of Escherichia coli O157:H7. Infection, 24(5),
378-383.


https://doi.org/10.1093/ajcn/52.6.1014
https://doi.org/10.1080/00480169.1969.33779
https://doi.org/10.1080/00480169.1969.33779

FUNATOGAWA ET AL.

2730

Mead, P. S., & Griffin, P. M. (1998). Escherichia coli O157:H7. Lancet,
352(9135), 1207-1212.

Ng, W. C., Wong, V., Muller, B., Rawlin, G., & Brown, L. E. (2010).
Prevention and treatment of influenza with hyperimmune bovine co-
lostrum antibody. PLoS ONE, 5(10), e13622.

Richardson, S. E., Rotman, T. A,, Jay, V., Smith, C. R., Becker, L. E., Petric,
M., ... Karmali, M. A. (1992). Experimental verocytotoxemia in rab-
bits. Infection and Immunity, 60(10), 4154-4167.

Royal, W. A., Robinson, R. A., & Duganzich, D. M. (1968). Colostral
immunity against salmonella infection in calves. New Zealand
Veterinary Journal, 16(8-9), 141-145. https://doi.org/10.1080/00480
169.1968.33761

Siegler, R. L. (1995). The hemolytic uremic syndrome. Pediatric Clinics
of North America, 42(6), 1505-1529. https://doi.org/10.1016/
S0031-3955(16)40096-9

Ulfman, L. H., Leusen, J. H. W., Savelkoul, H. F. J., Warner, J. O., & van
Neerven, R. J. J. (2018). Effects of bovine immunoglobulins on im-
mune function, allergy, and infection. Frontiers in Nutrition, 5, 52.
https://doi.org/10.3389/fnut.2018.00052

van de Vosse, E., Hoeve, M. A, & Ottenhoff, T. H. (2004). Human genetics
of intracellular infectious diseases: Molecular and cellular immunity

against mycobacteria and salmonellae. The Lancet Infectious Diseases,
4(12), 739-749.

Xu, M. L., Kim, H. J., Wi, G. R,, & Kim, H. J. (2015). The effect of di-
etary bovine colostrum on respiratory syncytial virus infection
and immune responses following the infection in the mouse.
Journal of Microbiology, 53(9), 661-666. https://doi.org/10.1007/
s12275-015-5353-4

How to cite this article: Funatogawa K, Tada T, Kuwahara-
Arai K, Kirikae T, Takahashi M. Enriched bovine IgG fraction
prevents infections with Enterohaemorrhagic Escherichia coli
0157:H7, Salmonella enterica serovar Enteritidis, and
Mycobacterium avium. Food Sci Nutr. 2019;7:2726-2730.
https://doi.org/10.1002/fsn3.1134



https://doi.org/10.1080/00480169.1968.33761
https://doi.org/10.1080/00480169.1968.33761
https://doi.org/10.1016/S0031-3955(16)40096-9
https://doi.org/10.1016/S0031-3955(16)40096-9
https://doi.org/10.3389/fnut.2018.00052
https://doi.org/10.1007/s12275-015-5353-4
https://doi.org/10.1007/s12275-015-5353-4
https://doi.org/10.1002/fsn3.1134

