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ABSTRACT Collaborative research efforts across disciplines typically result in more insight toward the hypothesis being tested due to the omnibus nature of the projects.
For example, nutritional experiments evaluating a nutrient response will benefit greatly by incorporating biochemical, physiological, and immunological endpoints
for measurement. Clearly, commercial poultry producers
do not have the luxury of focusing on specific disciplines
when field problems occur. Hence, in practice interplay
exists among nutrition, genetics, management, and
diseases.
Dietary composition impacts immune function of the
chicken. As research in the area of nutritional immunol-

ogy has increased, it is becoming apparent that nutrient
needs for immunity do not coincide with those for growth
or skeletal tissue accretion. This review is not a comprehensive assessment of nutrient needs for immunity in the
chicken. Rather, this review is concerned with nutritional
modulation of immunity in broilers that offers insight
for nutritionists and researchers to implement nutritional
regimens to reduce the severity of disease and to test
or validate nutritional regimens that heighten immunity.
Nutritional modulation of the hen diet and in ovo nutrient
modulation to improve chick immunity and disease resistance are discussed.
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BW loss) are not. This review addresses research concerned with nutrient-immune system interactions in
chickens. The nutritional-immune function interactions
discussed herein are of further importance because dietary growth promotants and antimicrobials are becoming less available to the broiler industry.

INTRODUCTION
Formulation of broiler diets consists of an array of ingredients that match a desired nutrient profile at the minimum cost. The nutrient profile used is based on research
or field observations evaluating the economically important production function of interest. This production
function is typically BW, feed conversion, or breast meat
accretion, not immunity or disease resistance. Although
the balance of nutrients is directly involved in optimizing
the production function, variation in their levels can have
a substantial impact on cellular systems (i.e., immunity).
However, altering nutrients in the field during an infectious challenge is typically an afterthought and usually
consists of drinking water administration of vitamins,
electrolytes, or an antibiotic. Although some nutrient
needs for broiler immunity are known, nutrient needs for
immune responses in broiler chickens in environmental
conditions that mimic field observations (i.e., mild challenge situations that do not cause immunologic stress or

IMPACT OF BROILER DIET ALTERATIONS
ON SUBSEQUENT IMMUNITY
The NRC (1994) lists recommended levels of nutrients
for broiler chickens from 1 to 21, 21 to 42, and 42 to 56 d
of age. Most of these recommendations are from refereed
publications of studies in which nutrients are titrated and
requirement estimates can be predicted or from refereed
publications delineating requirement estimates via mathematical models. However, over one-third of the recommended nutrient requirements for broilers are estimates
because published requirement studies are lacking. In
practice, the NRC (1994) requirement estimates are often
ignored by poultry companies because their objectives
are based on economic end points that are usually not
addressed in refereed publications. For example, poultry
companies use higher levels of TSAA (Hickling et al.,
1990) and Lys (Kidd et al., 1998) to optimize salable white
meat. Because nutrient requirements for broilers are expressed as a percentage of diet rather than as grams per
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bird per day, and rightly so because nutrient needs of
birds change rapidly and diets are typically fed for 5 to
15 d in practice, the rapid development of commercial
broiler strains renders many dated nutrient requirements
as irrelevant. To further complicate the matter, research
has indicated that a broiler’s need for the most limiting
amino acids is higher for breast meat accretion than for
growth. Furthermore, it is not surprising that broiler nutrient needs for immunity may not parallel those for
growth or breast meat accretion.

Protein and Energy
Glick (1977) published a review concerned with the
development and function of the chicken’s humoral immune system. Glick (1977) indicated that one limitation
in understanding the avian immune system was how
environmental factors impact immunity. This led to research in chickens to evaluate the humoral immune system (Glick et al., 1981) and cellular immune system (Glick
et al., 1983) in the presence of a calorie-protein deficiency.
In these studies a closed line of New Hampshire chickens
were fed diets that were one-third deficient in calories,
amino acids, or both through 5 wk of age and then returned to adequate diets for an additional 3 to 4 wk.
Feeding all of the deficient diets depressed the primary
antibody response to SRBC. In addition, the secondary
response to SRBC at 8 wk was suppressed in birds fed
the deficient diets up to 5 wk. Although the primary and
secondary response was mounted with a T-dependent
antigen (SRBC), the nutritional deficiencies in the chickens did not suppress cellular immunity as measured by
graft-vs.-host reaction. However, subsequent research
with protein restriction with New Hampshire chickens
(21 vs. 7% CP in diets containing 3,200 kcal/kg ME) demonstrated that protein deficiency suppresses lymphocyte
number, overall white blood cell numbers, and phytohemagglutinin-M-stimulated splenic cell proliferation
(Payne et al., 1990), indicating the negative impact of
severe protein restriction on cellular immunity.
Because a continuous stimulation of the immune response can reduce growth and alter nutrient utilization,
Benson et al. (1993) evaluated the impact of energy density and energy source in commercial broilers undergoing
immunologic stress. Dietary energy treatments consisted
of birds fed 2,796 to 3,991 kcal ME/kg of diet in 400 kcal/
kg increments. Carbohydrate vs. fat as energy source
treatments were evaluated in some of their experiments.
Immunologic stress decreased feed intake, but a higher
energy intake was noted in birds receiving the high energy diets. Moreover, they demonstrated that using cornstarch carbohydrate, but not corn oil, to increase ME may
reduce the negative impact of immunologic stress on feed
intake and BW gain. However, the immunologically
stressed birds had an increased relative visceral gain that
was not altered by energy intake. Praharaj et al. (1999)
fed commercial broilers diets differing in energy (2,500,
2,650, and 2,800 kcal/kg of ME) from 1 to 42 d of age
and measured primary antibody responses to SRBC, and
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spleen and bursa relative weights. Antibody responses
and immune organ development were not affected by
the former dietary energy levels.

TSAA, Choline, and Betaine
The amino acid Met is limiting in broiler diets primarily
composed of corn and soybean meal. Thus, TSAA represents the first limiting amino acid needs in a commercial
broiler diet. As a result, research had addressed TSAA
needs for immunity, in addition to growth. Growth and
antibody responses to a live or killed B1 strain of Newcastle disease virus were evaluated in Leghorn chicks fed
graduations of Met (Bhargava et al., 1971a). A dextrinbased purified diet was used to which 0.4, 0.7, and 1.1%
L-Met was added. Dietary Met at 0.7 and 1.1% of diet
improved growth measurements, but 0.4% Met resulted
in the optimal antibody response indicating that the Met
need for growth is higher than that for humoral immunity
(Bhargava et al., 1971a). It must be pointed out, however,
that the former study challenged the birds very early in
life and maternal antibodies to Newcastle disease virus
may have confounded their results. For example, subsequent research from the same laboratory (Tsiagbe et al.,
1987b) indicated that Met, but not choline, is important
for cellular and humoral immunity. Broiler chicks fed an
experimental diet containing 0.35% Met responded to an
additional 0.125% Met for growth, but 0.25% Met was
required to optimize the wing web response to phytohemagglutinin-p and total antibody responses to SRBC (Tsiagbe et al., 1987b). Choline ranging from 0.13 to 0.38% of
diet had no effect on immunity (Tsiagbe et al., 1987b).
Moreover, additional research indicated that cysteine was
70 to 84% as effective as Met for humoral and cellular
immunity (Tsiagbe et al., 1987a). The involvement of cysteine on immunity in broilers was confirmed by assessing
TSAA needs for immunologic stress (Takahashi et al.,
1997) and by lymphoid organ proliferative assays (Takahashi et al., 1997; Konashi et al., 2000). Because a broiler
reared in an environment containing ubiquitous microorganisms may have a constant activation of the immune
response, Klasing and Barnes (1988) evaluated the impact
of Met on immunologic stress in chicks. Immunologic
stress decreased growth and resulted in a lower Met requirement as compared with control chicks. However,
chicks fed deficient Met had suboptimal interleukin (IL)1 production during immunologic stress indicating the
need of Met for immunity. Future research should address the need of TSAA for immunity vs. growth and
tissue accretion in commercial broilers. Because many
research reports discussed herein that demonstrated improvements in antibody production used SRBC, a T-dependent antigen, future research should further ascertain
Met involvement in T cell responses. Moreover, Swain
and Johri (2000) determined that the Met level for broiler
chicks to optimize the leukocyte migration inhibition
assay was higher than that to improve growth.
Betaine is an amino acid derivative (trimethylglycine)
involved in the methyl metabolism and osmotic balance
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of cells (reviewed by Kidd et al., 1997a). Recent research
has addressed the impact of betaine on intestinal function
and immunity in chicks infected with Eimeria acervulina
(Klasing et al., 2002). Increasing dietary betaine in chicks
increased betaine concentrations in blood and intestinal
epithelium resulting in a maintained villus height during
the coccidial challenge as compared with that in control
birds. Chemotaxis and nitric oxide release of monocytes
and macrophages, respectively, were also improved by
betaine. Earlier research by Tsiagbe et al. (1987b) evaluated the effect of betaine (0.121% of diet) added to a diet
containing 0.60% Met and failed to observe any improvements in humoral or cellular immunity. More research is
needed to assess the impact of betaine on broiler immunity. Gut health as affected by betaine in birds with intestinal insults (i.e., bacteria, coccidia, and viruses) should be
an area of future research, especially because the use of
antibiotic compounds that improve gut health is decreasing.

Basic Amino Acids
Both Lys and Arg are essential amino acids for broilers.
In commercial diets, Lys is limiting behind TSAA. Arginine ranges from third to fifth limiting depending on
nutrient requirements and the dietary ingredients used.
Although Lys has been implicated in the antiviral immune response, research evaluating the impact of Lys and
chicken immunity is sparse. Kidd et al. (1997b) evaluated
cellular immunity as measured by toe web thickness to
phytohemagglutinin-p and the primary antibody response to SRBC and found no significant (P < 0.09 and
0.07, respectively) improvements from increasing dietary
Lys from 1.10 to 1.20% of diet. Broiler chick Lys needs
have been shown to be lower than normal in birds undergoing immunologic stress (Klasing and Barnes, 1988).
However, a deficiency of Lys did not impair the ability of
the bird to produce circulating IL-1 during immunologic
stress (Klasing and Barnes, 1988).
Birds are uricotelic species that lack a complete urea
cycle rendering them unable to synthesize Arg de novo.
Because birds are unique in requiring Arg present in the
diet to support growth, much research has addressed
Arg needs for immunity in poultry. Immune response
parameters that have been impacted by Arg in chickens
include increased nitric oxide production of macrophages
(Sung et al., 1991), antitumor properties (Taylor et al.,
1992), increased lymphoid organ weights (Kwak et al.,
1999), increased percentage of CD8+ cells (Lee et al., 2002),
and an enhanced heterophil-to-lymphocyte ratio in response to a viral infection (Lee et al., 2002). However,
many of these beneficial responses to Arg have been elucidated with Arg levels 25 to 50% higher (i.e., 2.0 to 3.0%
of diet) than Arg levels observed in practice. In addition,
Kidd et al. (2001a) fed healthy broiler chicks variations
in Arg near the NRC (1994) recommended level and noted
increased plasma Arg, but no improvements in cellular
or humoral immunity. It may be that the Arg level needed
to optimize immunity exceeds that needed for growth and

TABLE 1. Impact of dietary arginine relative to dietary lysine
on growth performance and mortality in 1- to 42-d-old broiler
chickens given a coccidia challenge at 28 d of age1
Arg:Lys
0.9
1.1
1.3

BW gain
(kg)

Feed:gain
(kg:kg)

Mortality
(%)

1.878
1.964
1.946

2.08b
2.03ab
2.00a

17.1b
17.9b
14.8a

a,b
Means within a column not sharing a common superscript differ
(P < 0.05).
1
Adapted from Kidd et al. (2002).

tissue accretion. In order for this to be assessed, additional
experiments in broilers should be conducted to evaluate
nitric oxide production, immune organ development, and
leukocyte activity and types when the birds are fed dietary Arg levels in graduations beginning approximately
70% and ending approximately 150% of the known Arg
need for the test period of interest. Rearing birds in an
environmental setting that mimics industry practice is
desirable because floor pen studies with broilers have
noted indirect measurements of immunity to be improved
by dietary Arg. For example, Kidd et al. (2002) noted
reduced mortality in mature broilers given a challenge
of Eimeria acervulina, Eimeria tenella, and Eimeria maxima
when fed diets containing an Arg:Lys of 1.3 vs. birds
receiving 0.9 or 1.1 Arg:Lys (Table 1). Also, Corzo et al.
(2003) fed graduations of Arg (0.80 to 1.25% of diet) to
mature broilers and noted a linear reduction in infected
carcass scratches at processing. Although these measurements were indirect indices of immunity, they point to
the importance of Arg to improve immunity and wound
healing in chickens in practical settings.

Branched-Chain Amino Acids
Bhargava et al. (1971a) conducted experiments measuring growth and antibody production to Newcastle disease
virus in chickens fed various levels of Val. In both studies,
Val need for antibody production was higher than that
of growth. Konashi et al. (2000) evaluated a severe dietary
reduction (50% of the control level) in the branched-chain
amino acids and noted a reduction in the relative size of
the thymus and bursa. The specific branched-chain amino
acid that is most important for immune organ development (Val, Ile, or Leu) in the former study is unknown
because the 3 were reduced in the diet concomitantly.
Research in our laboratory is underway to quantify the
Ile need for growth, carcass traits, and immunity. Preliminary results indicate that Ile deficiency decreases thymus
development, the delayed cutaneous hypersensitivity response, and circulating levels of CD8+ T cells (M. T.
Kidd, unpublished).

Threonine
The Thr need in chickens for antibody production to
Newcastle disease virus was found to be higher than that
for growth (Bhargava et al., 1971b). However, Takahashi

ANCILLARY SCIENTISTS SYMPOSIUM

et al. (1994) fed broilers diets deficient in Thr and observed
reduced growth but not reduced antibody responses or
lymphoid organ development. This work is in agreement
with that of Kidd et al. (2001b) in that dietary Thr does
not influence immune organ development in young broilers. In addition, Kidd et al. (1997b) evaluated cellular and
humoral immunity in chicks fed diets ranging in Thr
(0.68 to 0.86% of diet) and noted no improvements in
immunity. Threonine is the third limiting amino acid for
broilers and must be sufficient in the diet or growth performance will be reduced. Although most of the aforementioned reports did not observe an impact of Thr on
immunity, its role can not be ruled out and future research
should address Thr needs for immune parameters not
tested in the former reports.

Oils
Research with dietary oils in chickens has demonstrated effects on the inflammatory response in addition
to improvements in immune system functions (Korver
and Klasing, 1997; Korver et al., 1998). An understanding
of how immune-altering nutritional regimens impact the
inflammatory response is important because inflammation after infection challenge causes reduced feed intake
and protein accretion and increased metabolism and visceral organ weight relative to BW (Roura et al., 1992).
Korver and Klasing (1997) fed male commercial broiler
chicks variations in fish oil and corn oil. Fish oil resulted
in improved BW and cellular immunity but not humoral
immunity. In addition, dietary fish oil reduced the inflammatory response as measured by a reduction in IL-1 activity after lipopolysaccharide injections. Subsequent
research by Korver et al. (1998) demonstrated that fish
meal was not as efficacious as fish oil in improving broiler
BW. Also, lower levels of fish oil improved broiler BW
in comparison to higher levels independent of the birds’
infectious state.
Replacing dietary poultry oil with fish oil is currently
not economically justifiable. In situations where fish oil
is cost competitive, its inclusion level must be monitored
because a 2 to 3% level in the diet can produce fish taste
in broiler meat. Lower dietary levels of fish oil may be
advantageous for improvements in broiler immunity,
BW, and recovery from immunological challenges (i.e.,
vaccinations, bacteria, and viruses).

Vitamins and Minerals
Vitamin A deficiency (Friedman and Sklan, 1989a; Lessard et al., 1997) and excess (Friedman and Sklan, 1989b;
Friedman et al., 1991; Lessard et al., 1997) have been
shown to depress immune responses in chicks. Most research suggests that vitamin A deficiency is associated
with reduced cellular immune responses whereas vitamin
A excess impairs antibody responses. Vitamin A deficiency has been shown to directly impact T-cell functions
that are vital for a bird to mount an immune response to
an infection (Sklan et al., 1994; Dalloul et al., 2002). For
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example, Dalloul et al. (2002) demonstrated that broilers
fed vitamin A deficient diets have lower cellular immune
responses resulting in reduced ability to resist an E. acervulina infection. Although a vitamin A deficiency would
not be expected to occur in practice, caution must be taken
in formulating diets high in vitamin A so that humoral
immunity is not depressed. Moreover, diets high in vitamin A may also decrease the efficacy of vitamin E, which
could further reduce immunity.
Vitamin E is primarily known for its role as an antioxidant in reducing cellular free radical damage, but its deficiency causes a number of reduced immune responses
(Cook, 1991). Erf et al. (1998) evaluated immune responses
in male broilers fed diets varying in DL-α-tocopherol acetate from 0 to 87 mg/kg of diet. Thymic and splenic T
cell populations were altered indicating that more helper
T cells (CD4) were present with increased dietary vitamin
E and thus improved responsiveness to immunologic
stimuli. Improved disease resistance as mediated by dietary vitamin E has been noted with bacteria (Tengerdy
and Nockels, 1975; Tengerdy and Brown, 1977), coccidiosis (Colnago et al., 1984), and viruses (Franchini et al.,
1995). To evaluate the vitamin E need for immunity in
broilers, Leshchinsky and Klasing (2001) fed graduations
of vitamin E in varying increments up to 200 IU of vitamin
E/kg of diet in 3 experiments. Evaluations of cellular,
humoral, and innate immunity indicated that the immune
enhancement of dietary vitamin E was best between 25
and 50 IU/kg of diet. Future research should address the
need for vitamin E and immunity in conjunction with
antioxidant status and growth.
Vitamin D is critical for proper bone development in
poultry. Research has elucidated negative effects on
broiler cellular immunity as affected by vitamin D deficiency. For example, Aslam et al. (1998) fed female broilers a diet devoid of vitamin D or a diet containing 800
IU/kg of cholecalciferol. Broilers fed diets devoid of vitamin D had depressed cellular immunity as measured by
cutaneous basophil hypersensitivity response to phytohemagglutinin-P, depressed thymus weight, and depressed
macrophage function. However, although SRBC is a Tdependent antigen, differences in primary or secondary
responses did not occur (Aslam et al., 1998).
Murray et al. (1987, 1988) conducted a series of studies
to evaluate the effect of dietary ascorbic acid on cellular
immunity of broilers and noted minimal benefits. Growth
performance and immunity as affected by drinking water
fortification with vitamins and electrolytes was evaluated
in heat stressed broilers (Ferket and Qureshi, 1992). Addition of B-vitamins, fat-soluble vitamins (A, D, and E),
and electrolytes to drinking water improved aspects of
antibody production to SRBC over that in control birds.
The percentage of macrophages recruited from sephadex
stimulation was heightened by the combination of B- and
fat soluble vitamins in the drinking water. Also, this combination of vitamins in the drinking water (B-complex and
fat solubles) reduced broiler mortality that was increased
from periodic heat stress. Although electrolytes failed to
improve cellular immunity and decrease mortality, other
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minerals (i.e., trace metals) are critical for metabolic functions that support immune system functions.
The trace metals that have been associated with an
improvement in immunity, or functions that support immunity, are: Zn, Mn, Cu, and Se. Dietary Se interacts with
vitamin E in antioxidant protection of cells because it is
a component of glutathione peroxidase. In addition to
antioxidant status, Se has been shown to impact disease
resistance. For example, broilers infected with E. tenella
had improved resistance (i.e., reduced mortality and cecal
lesions) when supplemented with Se (Colnago et al.,
1984). Because Se may be included in chicken’s diet only
at a level of 0.3 mg/kg, highly available organic sources
may benefit poultry productivity.
Zinc supports metabolism of numerous cells by functioning structurally and catalytically in metalcoenzymes.
Zinc’s role in immunity has been reviewed (Kidd et al.,
1996). Although adequate dietary Zn is critical to optimize
cellular and humoral immunity, it has been demonstrated
that chickens require more Zn to support BW than immune function (Pimentel et al., 1991). Moreover, it was
demonstrated that practical diets devoid of supplemental
Zn should support normal immunity with the amount of

Zn present in corn and soybean meal (Pimentel et al.,
1991). However, future research with broilers is needed
to clarify the role of Zn in immunity as zinc-amino acid
complexes have been shown to heighten immunity (as
reviewed by Kidd et al., 1996) and reduce the incidence
of cellulitis when added in concert with vitamin E (Downs
et al., 2000).

MATERNAL NUTRIENT NEEDS
AND BROILER IMMUNITY
This section is concerned with chick immunity and
disease resistance as affected by altering nutrient levels
in the diet of hens. Published reports concerned with
progeny immunity as affected by dam nutrition are few
in comparison to published reports focussing on hen productivity. Beneficial impacts on progeny immunity have
primarily been noted in reports concerned with hen trace
minerals and vitamins (Table 2). For example, a positive
correlation exists between hen mineral nutrition and mineral levels transferred to the yolk for embryo utilization
(Richards and Steele, 1987). Because vitamins and minerals are involved in numerous cofactor functions and en-

TABLE 2. Impact of hen (Leghorn breeder and broiler breeder) nutrition on progeny mortality and immunity
Dietary component
Fatty acid
Linoleic acid
Minerals
Mg
Zn

Zn and Mn
Vitamins
β-carotene
β-carotene, canthaxanthin, and lutein
Vitamins A and E
Vitamin D
Vitamin E

Vitamin E and Se1
Biotin
Folic acid
Niacin
Pantothenic acid

Riboflavin
Vitamin B12
1

Response

Reference

Hen deficiency results in eggs with high
embryonic mortality.

Leeson and Summers (2001)

Hen deficiency results in eggs with high
embryonic mortality.
Improved chick humoral immunity
Improved chick survival to an E. coli challenge
Improved chick cellular, but not humoral immunity
Improved cellular and humoral immunity
Reduced chick mortality

Sell et al. (1967)

Increased bursal and splenic lymphocyte proliferation,
but decreased the ability of vitamin E to
improve chick humoral immunity
No impact on chick immunity
Excess vitamin A decreased the antioxidant
status of chicks
Hen deficiency results in eggs with high embryonic
mortality.
Improved chick humoral immunity
Improved chick humoral immunity
Improved chick antioxidant status
Improved chick antioxidant status
Hen deficiency results in chicks with high embryonic
mortality.
Hen deficiency results in eggs with high embryonic
mortality.
Hen deficiency results in eggs with high embryonic
mortality.
Hen deficiency results in eggs with high embryonic
mortality.
Hen deficiency results in chicks with high embryonic
mortality.
Hen deficiency results in eggs with high embryonic
mortality.
Hen deficiency results in eggs with high embryonic
mortality.

Stahl et al. (1989)
Flinchum et al. (1989)
Kidd et al. (1992)
Kidd et al. (1993)
Virden et al. (2003)
Haq et al. (1996)
Haq et al. (1995)
Surai et al. (1998)
Sunde et al. (1978)
Jackson et al. (1978)
Boa-Amponsem et al. (2001)
Surai et al. (1997);
Surai et al. (1999)
Surai (2000)
Brewer and Edwards (1972)
Leeson et al. (1979)
Romanoff and Romanoff (1972)
Beer et al. (1963)
Gillis et al. (1948)
Leeson et al. (1979)
Olcese et al. (1950);
Leeson et al. (1979)

The mineral Se is discussed with vitamin E because these two have been studied together due to metabolic interactions.
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TABLE 3. In ovo exposure of vitamin E enhances humoral and cellular immunity of broilers
Antibody production
Vitamin E2

IgM to
SRBC3

(IU)
0
10

Macrophage function

IgG to
SRBC4

Phagocytic5

SRBC
internalized6

2.3b
3.2a

(%)
10.2b
34.5a

1.3b
1.6a

(log2 titers)
2.1b
3.2a

1

Means within a column not sharing a common superscript differ significantly (P < 0.05).
Adapted with permission from Gore and Qureshi (1997).
2
Vitamin E was administered in the amnion at 18 d of incubation.
3
Represents primary antibody titers of 14-d-old broilers after an i.v. injection of a 7% SRBC solution at 7 d
of age.
4
Represents secondary antibody titers of 28-d-old broilers after i.v. injections of 7% SRBC solutions at 7 and
14 d of age.
5
Sephadex-elicited macrophages were harvested in broilers at 4 wk posthatch and allowed to adhere to glass
coverslips in culture. Macrophage phagocytic potential was assessed after adherent macrophages internalized
SRBC.
6
Represents numbers of internalized SRBC per macrophage.
a,b
1

zymes critical to metabolic functions, respectively, it is
not surprising that these nutrients have been documented
to enhance progeny immunity. Industry nutritionists
should consider hen nutrient levels (e.g., vitamins and
minerals) for progeny immunity and disease resistance
rather than hen productivity per se.

IN OVO NUTRIENT ADMINISTRATION
AND BROILER IMMUNITY
Gildersleeve et al. (1993) demonstrated that commercial
broilers receiving Marek’s disease vaccine by an egg injection system had improved efficiency as measured by reduced costs throughout production in comparison to
broilers that received Marek’s disease vaccine by posthatch administration. Johnston et al. (1997) presented applications of in ovo technology to improve poultry’s
protection against pathogens. Methods to heighten poultry production included in ovo injections of a bursal disease antibody-infectious bursal disease virus, a chicken
hematopoietic cytokine, and DNA (Johnson et al., 1997).
In ovo research with nutrients (i.e., amino acids) has demonstrated improvements in broiler hatch weight and
growth when injected with amino acid solutions identical
to the amino acid make-up of the embryo (Al-Murrani,
1978; Ohta et al., 2001).
Moreover, it has been shown that the optimal site for
in ovo administration of amino acids to improve embryo
growth is the yolk and extra-embryonic coelom (Ohta
and Kidd, 2001). Although research evaluating the in ovo
exposure of amino acids to improve immunity of chicks
is sparse, in ovo administration of vitamin E has produced
beneficial effects on posthatch broiler immunity. Gore
and Qureshi (1997) exposed 18-d-old embryos with either
10 IU of vitamin E or sterile saline in the amnion. Broilers
hatched from eggs injected with 10 IU of vitamin E had
improved humoral and cellular immunity in comparison
to broilers from sham-injected eggs (Table 3). In addition
to improvements in antibody and macrophage production parameters presented in Table 3, macrophage re-

quirement to an inflammatory challenge and macrophage
nitrite production were also increased (Gore and Qureshi, 1997).
Increasing vitamin E levels in a flock of birds is typically
realized by administration of vitamin E in the drinking
water or in the feed. If a flock is undergoing a disease
challenge, vitamin E may be administered only in the
drinking water because feed manufacturing is specific for
bird age, not the specific flock. If, however, vitamin E
could be administered in ovo, the bird would be hatched
with increased levels (Gore and Qureshi, 1997) of vitamin
E to aid in mounting an effective immune response. Future research should address the impact of in ovo administration of other nutrients (i.e., amino acids, fats,
vitamins, and minerals) on the immune status of chicks
and other avian species posthatch.
Research has clearly established that nutritional deficiencies, as well as certain excesses, impair the bird’s
ability to mount an effective immune response. There is a
paucity, however, of research reports delineating specific
requirement estimates of nutrients for a given immune
function. It is suggested that future research conducted
with immunomodulatory nutrients (i.e., some amino
acids and amino acid derivatives, the fat and water soluble vitamins, some fatty acids, and trace metals) use levels
of the said nutrients in concert with those typically observed in practice, rather than gross deficiencies or excesses. Hence, the minimum needs of some nutrients for
BW vs. skeletal protein accretion vs. immunity do not
coincide. A better understanding of key immunomodulatory nutrient needs will give nutritionists the ability to
formulate diets to improve immunity and overall health
in chickens. Greater insight toward hen and in ovo nutrient modulation that impacts subsequent chick immunity
will further improve flock viability.
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