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Abstract

Neonatal diseases significantly impact
dairy operations due to calf losses, treatment
costs, and long-term performance effects.
Despite advancements, calf morbidity and
mortality rates remain high globally, with U.S.
pre-weaning mortality rates ranging from 7 to
11%, primarily due to diarrhea and pneumonia.
Post-weaning, mortality and culling rates
continue to affect dairy farm sustainability. The
calf's immune system begins developing during
gestation but remains immature at birth, making
neonates susceptible to pathogens. Maternal
conditions during late pregnancy, such as heat
stress, can have lasting effects on calf health and
productivity. Improving calf immunity during
the pre-weaning period is crucial for reducing
morbidity and mortality rates. Nutritional
interventions, including transition milk feeding,
adequate nutrition, antioxidant supplementation,
and nutraceuticals like prebiotics, probiotics, and
Saccharomyces cerevisiae fermentation products
(SCFP), enhance calf immune responses
and overall health. Transition milk provides
essential nutrients and bioactive compounds
supporting gastrointestinal development and
immune function. Adequate nutrition prevents
deficiencies that impair immunity, while
antioxidant supplementation mitigates oxidative
stress, which compromises immune function.
Nutraceuticals, including prebiotics, probiotics,
and SCFP, offer promising benefits for calf

health, with SCFP showing improvements
in performance and immune function during
stress and illness. However, the efficacy of
nutraceuticals varies, and scientific evaluation
is essential. In conclusion, calf health and
immunity are influenced by maternal conditions,
nutrition, and management practices. Effective
nutritional interventions can enhance immune
responses and reduce disease incidence,
improving dairy operations' sustainability and
profitability.

Introduction

Calves are particularly vulnerable to
diseases during the first weeks of life (Urie et
al., 2018). This is attributed to the inability of
calves to mount protective immune responses
early in life due to their immature immune
system (Chase et al., 2008). The immune
responses of calves reach maturity at around 6
months of age (Cortese, 2009). Nutrition has
profound effects on immune function (Beisel,
1996; Calder, 2013). This presentation will focus
on calf immune development and the evidence
supporting the impact of various nutritional
interventions that can improve immune function
in calves during the preweaning phase.

Relevance of Neonatal Diseases of Calves

Calfhood diseases have a major impact on
the economic viability of dairy operations due to
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the costs associated with calflosses, treatments,
and the long-term effects on performance
(Donovan et al., 1998). Despite advances in
veterinary medicine and farm management
practices in recent years, calf morbidity and
mortality rates continue to be high worldwide
(Mee, 2013; Windeyer et al., 2014; Abuelo et
al., 2019). In the U.S., reported pre-weaning
mortality rates on dairy farms vary between 7
to 11% (NAHMS, 2014). Infectious diseases,
such as diarrhea or pneumonia, are responsible
for the majority of preweaned calf deaths at 56.5
and 22.5%, respectively (NAHMS, 2014). After
weaning, mortality and culling rates continue to
be high, with 11% of weaned heifers failing to
reach their first calving (Brickell and Wathes,
2011). Indeed, only 40% of U.S. dairy farms
can supply an adequate number of replacements
from their own herd (NAHMS, 2014). Since
rearing costs represent between 15 to 20% of
total dairy production (Heinrichs, 1993), health
disorders of replacement stock significantly
impact the dairy industry's sustainability. Hence,
innovative practices are needed on dairy farms
to reduce neonatal morbidity and mortality
rates more effectively. Thus, calf management
practices that prevent infections and boost the
ability of calves to fight infections (immunity)
are needed.

The period up to 60 days of age is when
the greatest neonatal morbidity and mortality
rates are observed on dairy farms (Windeyer et
al., 2014). Interestingly, this pre-weaning period
is critical for greater body weight and growth,
shortened time to first calving, and enhanced
future milk production potential (Moallem et
al., 2010; Soberon and Van Amburgh, 2013);
all of which are negatively affected if neonatal
diseases occur (Windeyer et al., 2014; Teixeira et
al.,2017; Abuelo et al., 2021). Hence, this period
is paramount in the productive life of dairy cows
entering a herd (Bach, 2011) and should be the
main focus of preventive interventions.

Calf Immune System Development

The development of the calf’s immune
system begins during gestation, during which
the fetus is protected predominantly by the
innate immune system. Fetal neutrophils and
macrophages remain at their sites of origin
until approximately 130 days of gestation, after
which they are released into the bloodstream.
As gestation progresses, these fetal cells gain
the ability to phagocytose pathogens but with
decreased bactericidal activity relative to adult
phagocytes (Barrington and Parish, 2001).
However, the capacity of fetal phagocytes to
engulf and destroy pathogens decreases around
the time of calving due to fetal release of
glucocorticoids (Barrington and Parish, 2001).
After birth, neutrophils and macrophages can
also have reduced functionality due to stress,
malnutrition, low-level infection, or exposure
to toxins.

All the cellular components of the
acquired immune system (lymphocytes) are
present in fetal calves but take longer to mount a
generally weaker response. An important feature
of the calves’ immune system is the complete
absence of antibodies unless an infection in utero
has been acquired. At birth, the calf’s immune
response is typically slower and weaker, with
decreased immunoglobulin concentrations.
Many of the immune system components are
present at birth but do not become functional
until the calf'is 2 to 4 weeks of age, after which
they continue to develop until puberty (Reber
et al., 2006). Therefore, the newborn calf’s
immune system is functional but naive and
immature. This also means that neonates are
more susceptible to pathogens and respond
differently to vaccination than adults.

We continue to learn more about the
impact of late-gestation maternal status on the
calves’ health. For example, calves born to cows
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that experience heat stress during late gestation
have lighter birth weights, exhibit compromised
immune function and altered metabolism until
weaning, and decreased fertility and lower milk
yields in their first lactations (Tao and Dahl,
2013; Monteiro et al., 2014; Tao et al., 2014;
Dahl et al., 2016; Guo et al., 2016; Monteiro
et al., 2016a; Monteiro et al., 2016b). Also, a
higher degree of exposure to metabolic stress
(excessive fat breakdown, inflammation, and
oxidative stress) in utero was associated with
conditions in calves linked to impaired health
and production in adult cows (Ling et al.,
2018). Additionally, dietary supplementation of
limiting amino acids to the dams during the dry
period enhanced innate immune responses and
growth (Jacometo et al., 2016; Alharthi et al.,
2017). Taken together, these studies indicate that
maternal conditions during late pregnancy have
long-lasting carryover effects in the offspring;
therefore, calf health starts with managing the
pregnant cow.

Improving calf immunity during the
pre-weaning period is essential for reducing
neonatal morbidity and mortality rates on dairy
farms and ensuring lifelong, healthier, and more
productive replacement heifers. This process
requires a multi-pronged approach that starts
with managing the dam during pregnancy and
continues after birth by ensuring adequate
colostrum intake by the calf and the appropriate
use of vaccines. However, new strategies that
improve calves’ innate immunity and vaccine
responsiveness during the pre-weaning phase
are still needed.

Nutritional Interventions Affecting Calf
Immune Status

There are multiple ways in which
nutrition can affect immunity in calves, but
below is not a comprehensive description of
approaches that are commonly utilized in dairy
farms in the US.

59
Transition milk feeding

The National Academies of Science,
Engineering, and Medicine (NASEM, 2021)
emphasizes the importance of administering
transition milk as a key component of early
feeding management in calf rearing. Transition
milk, collected after colostrum milking,
spans from the second to sixth milking post-
parturition (Godden, 2008). The concentrations
of immunoglobulins and bioactive compounds
in transition milk gradually decrease compared
to colostrum, eventually resembling mature milk
composition (Inabu et al., 2019; Fahey et al.,
2020; Fischer-Tlustos et al., 2020). Research
indicates that feeding 5.7 L/day of transition
milk in the first 3 days leads to greater weight
gain throughout the rearing period compared to
milk replacer (Van Soest et al., 2020), or when
6 L of whole milk is partially substituted with
transition milk over 21 days (Kargar et al., 2021).
Additionally, feeding 4 L/day of transition milk
over 2 days reduces the likelihood of poorer
eye/ear or nose scores (Conneely et al., 2014)
over a 56-day rearing period, and feeding
5.7 L/day lowers the chances of poorer fecal
scores (Van Soest et al., 2022). Furthermore,
feeding 4 L/day of transition milk for 2 weeks
diminishes the risk of Cryptosporidium spp.
infection during this period (Zolova et al.,
2022). Previous studies have also demonstrated
that transition milk feeding supports the calf's
developing gastrointestinal tract by providing
essential nutrients, growth factors, and bioactive
compounds that stimulate intestinal epithelium
development and immune cell infiltration (Pyo
et al., 2020; Van Soest et al., 2022).

Early calf nutrition plays a vital role
in establishing the foundation for future
development (Soberon et al., 2012a). Lactocrine
programming suggests that bioactive, non-
nutritive components in milk are transferred
from dams to their suckling offspring, impacting
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postnatal development and having lasting effects
into adulthood (Bagnell and Bartol, 2019).
Despite the immediate benefits mentioned, no
long-term effects of transition milk feeding
have been observed (Ostendorf et al., 2025).
Therefore, further research is needed to assess
the return on investment of transition calf
feeding in terms of heifer health and future
productivity.

Plane of nutrition

It has been well established that
deficiencies in several nutrients (e.g., protein,
energy, minerals) can impair immunity in
calves. The immune response is usually restored
when the deficiency is corrected. Conversely,
supplementation in excess of the same nutrients
does not always result in improved immune
outcomes. For example, Holstein calves fed 50%
of their maintenance requirements for energy
and protein exhibited a decreased lymphocyte
response to stimulation and reduced antibody
production following vaccination (Griebel et al.,
1987). These responses returned to normal once
the deficit was corrected. In contrast, adaptive
immune responses were minimally affected
by growth rate in calves randomly assigned to
dietary treatments aimed at achieving 0.0, 0.55,
or 1.2 kg/day growth over an 8-week period
(Foote et al., 2007). In addition, increased
dietary protein and energy decreased the
mitogen-induced proliferative responses of
CD4+, CD8+, and yO0TCR+ cells compared to
those of the same cell populations from standard-
fed calves and mature steers (Foote et al., 2005).
These findings suggest that a standard milk
replacer (i.e., 20% crude protein, 20% fat, 0.45
kg/day) provides sufficient nutrition to support
normal immune cell function, and an oversupply
of nutrients could have detrimental effects on
the immune response. However, this study did
not evaluate the extent to which these changes
in immune cell function are associated with an
increased susceptibility of the calf to infection.

Another study compared ad libitum milk
replacer feeding with a more restricted feeding
regime (2.5 L/2x/day for 21 days and 3 L/2x/
day until 56 days), finding that calves fed ad
libitum had greater odds of developing diarrhea
and pneumonia (Curtis et al., 2018). However, in
this study, the feeding regime was confounded
by housing type (group in ad libitum-fed calves
vs. individual in restricted housing), making it
impossible to evaluate whether the differences
in odds of disease are attributed to nutrition or
housing.

Antioxidants (trace minerals and vitamins)

Oxidative stress (OS) during the
preweaning stage can negatively impact host
defense mechanisms and, therefore, contribute
to the increased disease susceptibility observed
during this phase. A few studies have indicated
higher OS during the first few weeks of calves'
life compared to later in life (Gaal et al., 2006;
Abuelo et al., 2014). During these first weeks,
calves exhibit higher pro-oxidant status than
periparturient cows (Abuelo et al., 2014).
Several factors are known to influence the
oxidant status of newborn calves, which might
contribute to their OS during the preweaning
stage: (1) the OS status of the dam, as cows with
greater OS give birth to calves with higher OS
and less robust innate immune responses (Ling et
al., 2018); (2) birth, as the initiation of breathing
results in an increase in reactive oxygen species
(ROS) production that induces a relatively long-
lasting OS status (Saugstad, 2003); (3) colostrum
intake, as it is a source of both pro- and anti-
oxidants but with a more pro-oxidant profile
than mature milk (Kankofer and Albera, 2008;
Albera and Kankofer, 2011); (4) milk replacer
feeding, as milk replacers have a low antioxidant
capacity (Soberon et al., 2012b), and calves
fed milk replacer show decreased antioxidant
status during the first weeks of life (Abuelo et
al., 2014), whereas calves fed whole milk show

April 15-17, 2024

P

v, Tri-State Dairy Nutrition Conference
%)



no temporal changes in antioxidant capacity
(Ranade etal., 2014); (5) elevated average daily
gain (ADG), as the metabolic activity needed
to support weaning growth goals > 0.7 kg/day
(DCHA, 2020) likely results in increased ROS/
reactive nitrogen species (RNS) production.

Calf immune responses are affected
by OS in several ways. Our research has
shown, in vivo and in vitro, how OS modulates
immune responses toward the Th2 phenotype
and its negative impact on critical lymphocyte
functions, such as activation, antibody synthesis,
and cytokine production (Cuervo et al., 2021).
These affected functions are crucial for calves to
fight infections and mount protective responses
following immunization, contributing to
the high disease susceptibility seen in these
animals. Thus, it is unsurprising that OS is key
in initiating and maintaining calf diseases, such
as diarrhea or respiratory disease (Ranjan et al.,
2006; Lykkesfeldt and Svendsen, 2007).

Antioxidant therapy via parenteral or
dietary administration of vitamins and trace
minerals is a routine management practice
in many farms that increases the antioxidant
potential of calves and reduces their OS
risk. We recently reviewed the literature
relative to antioxidant supplementation to dairy
calves (Carlson and Abuelo, 2024; Kesler and
Abuelo, 2024), concluding that antioxidant
supplementation can improve calf immunity
throughout the pre-and postweaning periods
but with conflicting evidence on the effect
on calf health and growth. For example, the
parenteral administration of antioxidants at
birth consistently improved redox balance and
intranasal vaccine responsiveness (Nayak and
Abuelo, 2021; Carlson et al., 2024); however,
this enhanced immune response translated into
lower morbidity in some studies (Teixeira et al.,
2014; Bates et al., 2019) but not others (Carlson
et al., 2024; Reid et al., 2025). The differences
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in the impact on health events observed in
these studies are likely a reflection of other
management practices (e.g., feeding regimes,
housing, etc.) influencing the magnitude of the
effect of supplementation. For example, in herds
where heifers experience more OS, the same
degree of supplementation will have greater
beneficial effects than in herds where OS is less
prevalent.

It is crucial to recognize that the NASEM
(2021) nutritional requirements for antioxidant
micronutrients are established to prevent
deficiencies, and there are no explicit guidelines
on levels of antioxidant supplementation for
optimal immunity and health. Given that
excessive antioxidant supplementation, as
observed in adult cows, can likely negatively
impact calf health and performance, it is
essential to exercise caution when supplementing
antioxidants beyond scientifically recommended
safe levels. Indeed, there have been reports
of toxicosis due to over-supplementation
(MacDonald et al., 1981). This concern is
particularly pertinent for antioxidants like Se,
which can be transferred through the placenta.

Nutraceuticals

The term “nutraceutical” was introduced
in 1976 but remains controversial (Aronson,
2017). A broadly accepted definition is “a
functional food that aids in preventing and
treating disease(s) and/or disorders” (Kalra,
2003). There are several nutraceuticals available
in the market for use in calves. Here, we
will review some of the major classes of
nutraceuticals used in calf management in dairy
farms.

Prebiotics and probiotics have been
investigated for their potential to enhance gut
health and reduce diarrhea in young calves.
Additionally, the shift in calf diet from primarily
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milk to solid foods rich in rapidly fermentable
carbohydrates presents an opportunity to utilize
microbial-based products. This approach could
help protect the developing rumen from harsh
conditions and prevent health and growth issues
during and after weaning. Probiotics are live
strains of carefully chosen microorganisms
that, when given in sufficient quantities, provide
health benefits to the host, such as reducing
the incidence of diarrhea (Markowiak and
Slizewska, 2017). These probiotics can include
specific bacterial or fungal strains, microbial
cultures, enzyme preparations, culture extracts,
or combinations thereof (Yoon and Stern,
1995). Prebiotics are substrates selectively
utilized by host microorganisms, providing
health benefits to the host (Markowiak and
Slizewska, 2017). Unlike probiotics, prebiotics
are non-living substrates that act as nutrients
for beneficial microbes, such as lactic acid
bacteria and Bifidobacteria. These prebiotics
can help protect against pathogens and regulate
the immune system (Gibson et al., 2017).
Common examples of prebiotic supplements
used in calves include fructooligosaccharides
and galactooligosaccharides.

Some recent reviews evaluated the
different trials conducted to date feeding
pre- and probiotics to calves (Cangiano et al.,
2020; Branco-Lopes et al., 2023). Notably,
there was important variation in intervention
design (i.e., mode of administration, dose, and
duration of treatment) and outcomes measured
to make substantial comparisons. However, the
majority of responses in growth, feed efficiency,
and health have either been nonsignificant or
positive, with limited negative effects reported.
Thus, pre- and probiotic supplementation to
caves was deemed low risk with potentially
positive benefits.

Saccharomyces cerevisiae fermentation
products (SCFP) are postbiotic feed additives

comprising functional metabolites and bioactive
compounds created through a controlled
fermentation process. Supplementing with
SCFP has demonstrated improvements in the
performance of both calves and adult cattle across
various production environments and positive
effects on immune function during periods of
stress and illness (Brewer et al., 2014; Klopp et
al., 2022). For example, supplementation with
SCFP improved the outcome of a Salmonella
Typhimurium challenge in preweaning calves
(Brewer et al., 2014; Harris et al., 2017) by
reducing clinical disease, including rectal
temperatures. Holstein bull calves fed SCFP
showed a reduced incidence of bovine respiratory
disease (BRD) postweaning and the number
of antibiotic treatment events, improved
body weight and ADG postweaning (Klopp
et al., 2022). Neonatal calves supplemented
with SCFP developed less severe clinical
disease and lung pathology compared with
control calves following an experimental
bovine respiratory syncytial virus (BRSV)
infection (Mahmoud et al., 2020) and a BRSV-
Pasterurella multocida co-infection (McDonald
et al., 2021). Circulating immune cells from
SCFP-treated calves had an increased capacity
to secrete the proinflammatory cytokines tumor
necrosis factor o, IL-1B3, and IL-6 in response
to toll-like receptor stimulation (Maina et al.,
2024). These findings suggest that SCFP feeding
could influence controlled inflammation and
increase resistance to bovine respiratory disease.

It is important to remember that
nutraceuticals, as dietary supplements, do not
require efficacy studies for commercialization,
unlike drugs or vaccines. Thus, consultants and
producers should always request manufacturers
the efficacy results from studies using their
products. The composition of nutraceutical
products can vary greatly, and even if they
belong to a similar class to a tested product, there
is no guarantee that the effects would be similar
without evidence.
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Conclusions

A high prevalence of calf diseases
continues to burden dairy farm profitability.
Calves are born with a fully equipped but naive
immune system that requires maturation, making
them vulnerable to infectious diseases during the
first weeks of life. Adequate nutrition is essential
for supporting the maturation of the calves’
immune system, as several strategies have been
proven to enhance both innate and adaptive
immune responses in calves. However, although
improvements in immune responses have been
consistently observed in studies, these have only
occasionally translated into benefits in terms of
disease incidence or calf growth. This highlights
the complex interactions between nutrition, the
immune system, other management practices,
and infectious agents that must be considered
when managing dairy calves.
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