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NEONATAL FOALS AND
HYPERIMMUNIZED EGG PROTEIN -
A VIABLE THERAPY ?

Kristina Bennett-Steward, BSc, DVM

Foals are immunocompetent at
birth, but they are immunologically
“naive” and rely on colostrum and non-
specific defence mechanisms for their
first two months of life. Foaling itself
causes a decrease in immune function
because the fetal glucocorticoids,
produced at the time of parturition,
depress immune function. Foals do
not receive a maternal transfer of
antibodies; colostrum is the only way
that foals obtain immunoglobulins.
Colostral protein is not broken down
in the gastrointestinal tract because
colostrum contains a trypsin inhibitor
and, there is very little proteolysis in the
gastrointestinal tract of the newborn.
Colostral proteins are absorbed intact
by specialized enterocytes through the
process of pinocytosis. The absorption
of entire immunoglobulins in foals
decreases after the first six hours of
life and essentially stopps by 24 to 36
hours after birth.

Failure of passive transfer (FPT)
is the term used when foals do not
receive adequate immunoglobulins
from colostrum. In the newborn,
the prevalence of FPT is anywhere
from 3-25% depending upon the farm
management system used.' FPT is
common in immature, premature
and dysmature foals (less than 320 d
gestation) and it is usually assessed
within 18-24 hours after birth. This is
about the time that enterocytes change
their pattern of absorption. FPT is
assessed by measuring IgG levels and if
this is less than 800 mg/dL at 18 hours
or 200 mg/dl at 8-12 hours the foal is
considered to have FPT.!

The normal healthy foal suckles
seven times per hour and consumes
155mL/kg/day of milk or 20-25% of
its body weight. Even when suckling
in an apparently normal manner, they
can still have FPT or be hypogam-
maglobulinemic.> The amount and
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quality of colostrum a newborn foal
ingests is really not known. It is often
inadequate and difficult to assess within
a time frame (12 hours) that permits
adequate supplementation, either by
IV or oral hyperimmune plasma, with
frozen colostrum or bovine colostral
supplements.

FPT is an important component of
neonatal foal mortality and morbidity.
It renders the newborn animal vulner-
able to a multitude of respiratory and
enteric infections. The most important
bacterial and viral agents involved
in foal mortality/morbidity are: E.
coli, Actinobacillus, Pasteurella,
Klebsiella, Pseudomonas, Streptococ-
cus, Salmonella, Staphylococcus, Bor-
detella, Equine herpes virus, Influenza,
Rotavirus, Coronavirus, Clostridia,
Campylobacter, and Rhodococcus.>*

The treatment, often in anintensive
care unit, for neonatal foal infections
includes oral and intravenous fluids,
immunoglobulins, antibiotics, intestinal
protectants, and NSAIDS. These treat-
ments can be extremely expensive.
As with most diseases, it is much
better for the health of the foal, future
performance and for economic reasons,
to practice prevention rather than
having to treat the disease.

In one study in a mare herd in
Western Canada (1994), the incidence
of neonatal foal mortality was 22%,
of 334 foals born, 74 died before
they reached 10 days of age, 74% of
these deaths were within 48 hours of
birth, 26% were due to septicemia,
and 27% were due to starvation and/or
exposure.’ Inanother study in Texas, of
2,468 foals born, 116 deaths occurred.
These deaths were primarily due to
pneumonia and/or septicemia; the high-
estrisk period was within the first seven
days of life. The practice of assessing
passive immunity was significantly
associated with decreased morbidity
from septicemia and pneumonia.®

Volume 22, Number 3, 2002

105




viewpoint

In 1998 The American National
Health Monitoring System received
statistics from 28 States regarding the
mortality and morbidity of foals. There
were 7,320 foals born on the farms that
were a part of the study, and 120 died
within the first two days of life. The
management practices that seemed to
increase the mortality rate within the
first two days of life were: a lack of
testing for the failure of passive transfer
of immunity and the introduction of new
residents on, or about the time of foaling
(new disease introduction).” From these
studies it is apparent that neonatal foals
need to receive an adequate quantity
of high quality immunoglobulins, and
that testing for FPT and the immediate
treatment of FPT is essential. The oral
administration of hyperimmunized egg
protein is a relatively novel approach for
the prevention of enteric and respiratory
infections in neonatal animals.

Hyperimmune Egg Process
and Efficacy

Immunizing hens with inactivated
multivalent vaccines results in the
production of eggs that contain antibod-
ies against the antigens for which they
are vaccinated, along with physiologi-
cally active, small molecular weight
“cofactors” that are reported to have
some immunoregulatory function.®!8
The specific antibodies produced appear
approximately 20 days after vaccination
of the hen, reach a plateau at around
30 days, and remain high until at least
81 days after vaccination.!®? The
hens passively transfer protection to
their young by secreting antibodies
and immune co-factors into their eggs.
The transfer of avian antibodies, from
the hen’s serum to the egg, and from
the egg to the chick, is analogous to
crossplacental transfer of IgG from the
mammalian mother to its offspring.
Both eggs and milk contain naturally

occurring antibodies. However, the
concentration of antibodies in avian
eggs is significantly higher than those
in serum or milk.2!">* This is because
birds have only one opportunity
to transfer all of the components
necessary for the survival of their
offspring. Therefore the egg serves
as a concentrated source of immune
products.

Hens are highly efficient produc-
ers of polyclonal antibodies, producing
20g of yolk antibodies (IgY) per year.?’
Due to evolutionary differences,
chicken IgY will react with more
epitopes on a mammalian antigen
which will produce an amplification of
the signal.?® The antibodies have bio-
chemical properties which make them
attractive for oral immunotherapy:
they do not activate mammalian
complement, they do not interact with
mammalian Fc receptors which could
mediate aninflammatory response and
they do not interfere with maternal
antibodies.?’” Chicken antibodies
appear to be acid and heat resistant.?’
It has been found that antibodies in a
rich lipoprotein solution such as egg
yolk, are more resistant to degradation
than normal globulin fractions or
normal antibodies.?® In neonatal pigs,
IgY is absorbed intact as efficiently as
colostral antibodies.? Therefore the
oral administration of IgY antibodies
is an attractive approach for the
prevention of enteric and respiratory
infections in neonatal animals.

There are many challenge studies
published that used hyperimmunized
egg yolk antibodies in the treatment of
E. coli diarrhea and that demonstrated
a decrease in the shedding of E.coli in
piglets, calves and mice.?37 There are
also a number of studies in which egg-
derived antibodies were successfully
used for the treatment of salmonella,
bovine rotavirus and coronavirus
infections in calves and mice.***! In
all of the studies in which weight
gain was measured, the treated groups
demonstrated a higher weight gain
than the control groups. Most of the
controls used non-hyperimmunized

whole egg products. In a recent study
at a Kentucky horse farm, where
hyperimmunized whole egg was used,
the authors attributed the virtual
elimination of neonatal foal diarrhea
problems to the use of hyperimmunized
egg protein.*?

Conclusion

Neonatal foals are most susceptible
to disease during the first two days of
life. It is imperative that they receive
adequate amounts of high quality
immunoglobulins either from colostrum
or by other means. The administration
of hyperimmunized whole egg protein
(IgY) appears to be a convenient
and relatively successful insurance
against the problems that the failure
of passive transfer may confer upon
the neonate.

REFERENCES

1. Ogilvie T: Large Animal Internal
Medicine. Baltimore, Williams & Wilkins,
1998.

2. McGuire TC, Poppie MJ, Banks
KL : Hypogammaglobulinemia predisposing
to infection in foals. J Am Vet Med
Assoc.166(1):71-75, 1975

3. Hannant D, Holmes MA, Leadon DP,
Livesay GJ: The Immune System, in Higgins
AJ, Wright IM (eds): The Equine Manual,
London, Saunders, 1995, pp 103-121.

4. Cullinane AA, Bernard W, Duncan
JL, Smith IM, Timoney JF: Infectious
Diseases, in Higgins AJ, Wright IM (eds):
The Equine Manual, London, Saunders,
1995, pp 2-102.

5. Haas SD, Bristol F, Card CE : Risk
factors associated with the incidence of foal
mortality in an extensively managed mare
herd. Can Vet J . 37(2):91-95,1996.

6. Cohen ND: Causes of and farm
management factors associated with dis-
ease and death in foals. J Am Vet Med
Assoc. 204(10):1644-1651, 1994.

7. Losinger WC, Traub-Dargatz JL,
Sampath RK, Morley PS: Operation-man-
agement factors associated with early-
postnatal mortality of US foals. Prev Vet
Med. 47(3):157-175, 2000.

8. Brunser O, Espinoza J, Fogueroa
G, Araya M, Spencer E, Hilbert H, Link-
Amster H, Brussow H : Field trial of an
infant formula containing anti-rotavirus
and anti-Escherichia coli milk antibodies
from hyperimmunized cows. J Pediatric
Gastroenter Nutr. 15(1):63-72, 1992.

9. Campbell B, Petersen WE: Immune
milk. J Immune Milk 1:3-28, 1964.

106

JOURNAL OF EQUINE VETERINARY SCIENCE




10. Davidson GP, Daniels E, Nunan H,
Moore AG, Whyte PBD, Franklin K, McCloud
Pl , Moore DJ: Passive immunization of
children with bovine colostrums-containing
antibodies to human rotavirus. The Lancet
2:709-712, 1989.

11. Ebina T, Sato A, Umezu K, Ishida
N, Ohyama S, Oizumi A, Aikawa K, Katagiri
S,Katshusima N, Imai A, Kitaoka S, Suzuki
H, Konno T: Prevention of rotavirus infection
by oral administration of cow colostrums
containing antihuman rotavirus antibody.
Med Microbiol Immunol. 174:177-185,
1985.

12. Fayer W, Perryman LE, Riggs MW :
Hyperimmune bovine colostrum neutralizes
Cryptosporidium sporozoites and protects
mice against oocyst challenge. J Parasitol.
75:151-153, 1989.

13. Golay A Ferrara JM, Schneider H:
Cholesterol lowering effectof skim milk from
hyperimmunized cows in hypercholesterol-
emic patients. Am J clin Nutr.523:1014-1019,
1990.

14. Mietins C, Keinhorst H : Treatment
of infantile E. coli gastroenteritis with specific
bovine anti-E. coli milk immunoglobulins.
Eur. J Pediatr 132:239-252, 1979.

15. Ormrod DJ, Miller TE: The anti-
inflammatory activity of a low molecular
weight compound derived from the milk
of hyperimmunized cows. Agents Actions
32:160-166, 1991.

16. Ormrod DJ, Miller TE : Milk from
hyperimmunized dairy cows aas a source of
novel biological response modifier. Agents
Actions 38 (Special Conference):C146-C149,
1993.

17. Sharpe SJ , Gamble GD, Sharpe
DN : Cholesterol-lowering and blood pres-
sure effects of immune milk. Am J Clin Nutr.
59:929-934, 1994.

18. Smith CM: Immune milk in the treat-
ment of the rheumatoid arthritis syndrome. J
Immune Milk 1:37-42, 1964.

19. Gassman M, Weiser T, Thommes
P, Hubscher U: Efficient production of
chicken egg yolk antibodies against a
conserved mammalian protein. FASEB J
4(8):2528-2532, 1990.

20. O’Farrelly C, Branton D, Wanke CA:
Oral ingestion of egg yolk immunoglobulin
fro hens immunized with an enterotoxigenic
Eschericia coli strain prevents diarrhea in
rabbits challenged with the same strain.
Infect Immun 60(7):2593-2597, 1992.

21. Kuhlmann R, Wiedemann V,
Schmidt P, Wanke R, Linckh E, Losch U:
Chicken egg antibodies for prophylaxis and
therapy of infectious intestinal diseases:|.
Immunization and antibody determination.
Zentralbl Veterinarmed [B]. 35:610-616,
1988.

22.Tzipori S, Roberton D, Chapman C:
Remission of diarrhea due to cryptosporidi-
osis in an immune deficient child treated witj
hypeimmune bovine colostrums. Br Med J
293:1276-1277, 1986

28. Bartz CR, Conklin RH, Tunstall CB,
Steele JH: Prevention of murine rotavirus
infection with chicken egg yolk immuno-

globulins. J Infect Dis 142(3):439-441,
1980.

24. Otake S, Nishihara Y, Makimura
M, Hatta H, Kim M, Yamamoto T, Hirasawa
M: Protection of rats against dental caries
by passive immunization with hen-egg-yolk
antibody (lgY). J Dent Res 70(3):162-166,
1991.

25. Gassman M, Weiser T, Thommes
P, Hubscher U: The chicken as a supply
of polyclonal antibodies. Schweiz Arch
Tierheilkd 132 (6):289-294, 1990.

26. Carlander D, Stalberg J, Larsson
A : Chicken antibodies : A clinical chemistry
perspective. Ups J Med Sci 104(3):179-189,
1999.

27. Carlander D, Kollberg H, Wejaker
PE, Larsson A : Peroral immunotherapy
with yolk antibodies for the prevention and
treatment of enteric infections. Immunol Res
21(1):1-6, 2000.

28. Schmidt P, Widemann V, Kuhimann
R, Wanke R, Linckh E, Losch U: Chicken
egg antibodies for prophylaxis and therapy
of infectious intestinal diseases. Il. In vitro
studies on gastric and enteric digestion
of egg yolk antibodies specific against
pathogenic Eschericia coli strains. Zentralbl
Veterinarmed [B] 36(8):619-628, 1989.

29. Yokoyama H, Peralta RC, Sendo S,
Ikemori Y, Kodamay: Detection of passage
and absorption of chicken egg yolk immuno-
globulins in the gastro-intestinal tract of pigs
by use of enzyme-linked immunosorbent
assay and fluorescent antibody testing. Am
J Vet Res 54(6):867-872, 1993.

30. Marquardt RR, Jin LZ, Kim JW,
Fang L, Frohlich AA, Baidoo SK: Passive
protective effect of egg-yolk antibodies
against enterotoxigenic Escherichia coli
K88+ infection in neonatal and early-weaned
piglets. FEMS Immunol Med Microbiol
23(4):283-288, 1999.

31. Imberechts H, Deprez P, Van
Driessche E, Pohl P: Chicken egg yolk
antibodies against F18ab fimbriae of Esch-
erichia coli inhibit shedding of F18 positive
E. coli by experimentally infected pigs. Vet
Microbiol 54(3-4) :329-341, 1997.

32. Wiedemann V, Linckh E, Kuhimann
R, Schmidt P, Losch U: Chichen egg antibod-
ies for prophylaxis and therapy of infectious
intestinal diseases. V. In vivo studies on
protective effects against Escherichia coli
diarrhea in pigs. Zentralbl Veterinarmed B
38(4):283-291, 1991.

33. Jungling A, Wiedemann V, Kuhl-
mann R, Erhard M, Schmidt P, Losch U:
Chichen egg antibodies for prophylaxis and
therapy of infectious intestinal diseases. IV.
In vitro studies on protective effects against
adhesion of enterotoxogenic Escherichia
coli to isolated enterocytes. Zentralbl
Veterinarmed B 38(5):373-381, 1991.

34. Yokoyama H, Hashi T, Umeda K,
Icatlo FC, Kuroki M, lkemori Y, Kodama Y:
Effect of oral egg antibody in experimental
F18+ Escherichia coli infection in weaned
pigs. J Vet Med Sci 59(10):917-921, 1997.

35. lkemori Y, Kuroki M, Peralta RC,
Yokoyama H, Kodama Y: Protection of

—

Viewpoint

neonatal calves against fatal enteric colibacil-
losis by administration of egg yolk powder
from hens immunized with K99-piliated
enterotoxigenic Escherichia coli. Am J Vet
Res 53(11) :2005-2008, 1992.

36. Yokoyama H, Peralta RC, Diaz R,
Sendo S, lkemori Y, Kodama Y: Passive
protective effect of chicken egg yolk immu-
noglobulins against experimental enero-
toxigenic Escherichia coli infection in
neonatal piglets. Infection and Immunity
60(3) :998-1007, 1992.

37. Erhard MH, Kellner J, Eichelberger
J, Losch U: New possibilities in oral immu-
noprophylaxis of newborn diarrhea in
calves—a field study using specific egg
antibodies. Berl Munch Tierarztl Wochenschr
106(11):383-387, 1993.

38. Kuroki M, Ohta M, lkemori Y,
Icatlo FC, Kobayashi C, Yokoyama H,
Kodama Y: Field evaluation of chicken egg
yolk immunoglobulins specific for bovine
rotavirus in neonatal calves. Arch Virol
142(4) :843-851, 1997.

39. lkemori Y, Ohta M, Umeda K,
Icatlo FC, Kuroki M, Yokoyama H, Kodama
Y: Passive protection of neonatal calves
against bovine coronavirus-induced diar-
rhea by administration of egg yolk or
colostrum antibody powder. Vet Microbiol
58(2-4):105-111, 1997.

40. Yokoyama H, Umeda K, Peralta
RC, Hashi T, Icatlo FC, Kuroki M, Ikemori
Y, Kodama Y: Oral passive immunization
against experimental salmonellosis in mice
using chicken egg yolk antibodies specific for
Salmonella enteritidis and S. typhimurium.
Vaccine 16(4) :388-393, 1998.

41. Yokoyama H, Peralta RC, Umeda
K, Hashi T, Icatlo FC, Kuroki M, Ikemori Y,
Kodama Y: Prevention of fatal salmonellosis
in neonatal calves, using orally adminis-
tered chicken egg yolk Salmonella-specific
antibodies. Am J Vet Res 59(4):416-420,
1998.

42. Madsen R, Stout RC: Egg Protein
In Complexes for Neonatal Foal Diarrhea. J
Eq Vet Sci 20;3:160-161, 2000.

JEVS on-line
at
WWW.j-evs.com

Volume 22, Number 3, 2002

107




