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This thesis is an investigation of the efficacy of colostrum as a therapy for diarrhea in
preweaned calves by evaluating the time to resolution of diarrhea, growth during the preweaning
period and changes made to the fecal microbiome of treated calves. Calves treated with 65 g/L of
milk replacer mixed with 65 g/L of colostrum replacer fed at 2.5 L, 8 times over 4 days
compared to calves fed 2.5 L of milk replacer at 130 g/L twice daily had a faster resolution from
an abnormal fecal score and had improved growth during the preweaning period. Although no
differences were found in the alpha diversity of the fecal microbiome, the relative abundance of
several taxa were significantly different across and within treatment groups. Future research
should focus on the optimal dose and duration of colostrum therapy to provide an effective and
practical alternative therapy for diarrhea in young calves.
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1 Chapter One: Literature Review
1.1

Introduction
High levels of disease in dairy calves threaten the economic efficiency and sustainability of

the global dairy industry. Recent reports state that digestive diseases (i.e., diarrhea) are the
leading cause of disease and death in the preweaning period (Urie et al., 2018). Specifically,
digestive disease accounts for 56% and 32% of morbidity and mortality, respectively (Urie et al.,
2018), with the highest incidence in the second week of life (Bartels et al., 2010; Cho et al.,
2013; Urie et al., 2018). Diarrhea is a multifactorial disease that results from a combination of
exposure to pathogens, the environment and the host’s immune system (De La Fuente et al.,
1998). The most common diarrheic pathogens include rotavirus and coronavirus,
Cryptosporidium parvum (C. parvum), Enterotoxigenic Escherichia coli (E. coli), Clostridium
perfringens and Salmonella spp. (Bartels et al., 2010; Chalmers et al., 2011; Izzo et al., 2011), all
of which are highly contagious (Constable, 2004). Exposure to one or more of these pathogens
may result in diarrhea, which can be further exacerbated by a compromised immune system that
may be a result of other diseases and poor management (Frank and Kaneene, 1993). It is clear
that the high incidence of diarrhea in young calves poses a significant concern from both welfare
and health standpoints. Yet, diarrhea in preweaned calves can also have long-lasting economic
effects (Bartels et al., 2010), including a reduction in average daily gain (ADG) (Donovan et al.,
1998; Anderson et al., 2003; Abuelo et al., 2021), an increased number of inseminations to
achieve first pregnancy, and an over 300 kg decrease in milk yield during the first lactation
(Abuelo et al., 2021). Consequently, research focusing on diarrhea therapy and prevention in
young dairy calves is vital to the profitability of the dairy industry.
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The majority of gastrointestinal diseases in calves are treated with antimicrobials
(Constable, 2004). Specifically, a study conducted in the United States found that 33.9% of all
dairy calves were administered antimicrobials, with 75% of dairy calves with diarrhea receiving
antimicrobial therapy (Urie et al., 2018). There are a number of production, societal and health
concerns pertaining to the frequent and improper use of antimicrobials in food production
animals, including an increased risk of antimicrobial resistance (WHO, 2001). Furthermore,
animals administered antimicrobials, particularly young animals, can be negatively impacted by
alterations to the gut microbiota in early life (Helander and Fändriks, 2014). The diversity and
abundance of total commensal gut microbiota can be reduced alongside targeted pathogens,
upsetting microbial balance and causing gastrointestinal tract (GIT) dysfunction (Oultram et al.,
2015; van Vleck Pereira et al., 2016). Due to the potentially detrimental effects of high rates of
antimicrobial administration, efforts should be made to reduce their use. Thus, the investigation
of efficient alternatives to antimicrobials is necessary to improve both calf health and welfare, as
well as consumer trust of the dairy industry and its products.
Bovine colostrum is densely packed with bioactive factors (i.e., antibodies, hormones and
growth factors) and nutrients, resulting in a composition that differs substantially from mature
milk (Pakkanen and Aalto, 1997). Colostrum’s beneficial qualities have been used for centuries
to provide several species with supplemental nutrition and treatment for numerous illnesses,
including diarrhea in humans (Chapman and Roberton, 1986; Davidson et al., 1989; Fayer et al.,
1989a; Ungar et al., 1990; Ikemori et al., 1997; Solomons, 2002; Berge et al., 2009a; Kim et al.,
2009; Rathe et al., 2014; Ulfman et al., 2018). More recently, the advantages of colostrum as a
prophylactic and therapeutic in young calves has been explored (Berge et al., 2009b; Chamorro
2

et al., 2017; Kargar et al., 2020; Cantor et al., 2021). This research exemplifies that beneficial
bioactives within bovine colostrum may provide an effective therapeutic alternative to
antimicrobials for treatment of diarrhea in calves. Most research in this field involves the use of
hyperimmune colostrum created by exposing the dam to specific pathogens, thus, enriching her
colostrum with pathogen specific antibodies (Ulfman et al., 2018). This form of therapy can be
expensive and lacks efficiency compared to natural bovine colostrum (Steele et al., 2013;
Ulfman et al., 2018), however, evidence supporting the use of natural colostrum as a therapy for
diseases in cattle is lacking. Thus, the objective of this narrative review is to evaluate the
physiology and effects of neonatal gastrointestinal diseases in dairy calves and importantly
explore the potential benefits of colostrum as a prophylactic and therapeutic for neonatal calf
diarrhea.

1.2 Causation of digestive disorders in neonatal calves
The dairy industry has made tremendous efforts to improve animal housing, hygiene,
nutrition, and health. Yet, neonatal calf diarrhea is still a major concern due to its multifactorial
nature. As aforementioned, digestive disorders can be a consequence of the environment,
immunosuppression, pathogenic factors, or a combination of the three (DeBey et al., 1996;
Berchtold, 2009). Common diarrhea causing pathogens include rotavirus and coronavirus (viral),
C. parvum (protozoa), E. coli, Clostridium perfringens and Salmonella spp. (bacteria) (García et
al., 2000; Bartels et al., 2010; Izzo et al., 2011). E. coli, C. parvum and rotavirus have been found
to cause >70%, >55%, and 80% of cases of enteric illnesses in calves, respectively (Bartels et al.,
2010; Izzo et al., 2011; Cho et al., 2013; El-Seedy et al., 2016). In addition, recent studies have
demonstrated an increased frequency of multi-pathogen illnesses, with rotavirus and C. parvum
3

being the most common pathogen combination (De La Fuente et al., 1998; García et al., 2000).
An Australian study, which tested approximately 600 calves with diarrhea from 84 dairy and
dairy beef farms, found that 96.4% of farms and 71% of samples contained multiple pathogens.
In the infected calves, 42.8, 39.5, and 35.5% of samples contained two, three and four pathogens,
respectively (Izzo et al., 2011). While pathogens can have synergistic and antagonistic effects on
one another (Bartels et al., 2010), evidence suggests that the difference between single pathogen
and multi-pathogen diarrhea could be subclinical and clinical, respectively (De La Fuente et al.,
1998).
Although pathogens are associated with diarrhea, they can also be present in healthy
calves. It has been determined that bovine coronavirus and rotavirus, as well as C. parvum, can
be present in a calf without causing severe diarrhea (Renaud et al., 2021). Other factors,
including failed transfer of passive immunity, poor nutrition, unhygienic conditions, hostile
environmental conditions, and poor management, can decrease immune function, allowing
pathogens to thrive and ultimately cause neonatal calf diarrhea (Frank and Kaneene, 1993;
Chalmers et al., 2011; Izzo et al., 2011; El-Seedy et al., 2016). Specifically, routine and frequent
cleaning of calf and maternity pens significantly decreases the risk of diarrhea (Klein-Jöbstl et
al., 2014). Additionally, limiting other illnesses such as respiratory disease; will reduce the risk
of diarrhea caused by invasion of opportunistic pathogens (Bartels et al., 2010; Klein-Jöbstl et
al., 2014). Due to the aggressive nature of many diarrhea causing pathogens, symptoms can be
long-lasting and result in long-term consequences.
Diarrhea is a result of decreased absorption and increased secretions of water and
electrolytes in the gut. This process generally begins with the ingestion of a single or multiple
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pathogens, which initiates numerous pathogenic physiological pathways leading to severe
dehydration (Berchtold, 2009; Foster and Smith, 2009; Cho and Yoon, 2014). Consequently, the
loss of fluids can cause a multitude of health and behavioral issues, including aversion to
suckling, anorexia, depression, weakness and, in severe cases, death (Constable, 2004;
Berchtold, 2009; Cho and Yoon, 2014).
Rotavirus, coronavirus, and C. Parvum similarly cause villous atrophy by targeting small
intestinal crypts that house stem cells that stimulate enterocyte renewal (Foster and Smith, 2009;
Cho and Yoon, 2014; Peek et al., 2018). While rotavirus replicates in the cytoplasm of the
epithelial cells in the small intestinal villi, coronavirus is released through cell lysis once
replication is completed in enterocytes (Cho and Yoon, 2014). Rotavirus causes destruction to
mature cells in the villi and activates non-structural glycoprotein 4, an enterotoxin that stimulates
an influx of calcium ions, resulting in enterocyte destruction (Ball et al., 2005). The physiology
of coronavirus is similar to rotavirus, however, this enveloped virus uses a spike protein to bind
and fuse to the membrane of the host enterocyte leading to atrophy (Cho and Yoon, 2014). C.
Parvum replicates through sexual and asexual reproduction, which creates autoinfecting thinwalled oocytes. The invasion results in atrophy of columnar epithelial cells and a loss of
microvilli (Cho and Yoon, 2014). Salmonella destroys enterocytes by invading the intestinal
mucosal layer and continues to multiply in the lymphoid tissues (Holschbach and Peek, 2018).
The bacteria will then circulate through the body from mesenteric lymph nodes, initiating
systemic illness (Giannella, 1996; Cho and Yoon, 2014). Enterotoxigenic E. coli is another
bacterium that is a major cause of diarrhea in calves. This bacteria attaches to the epithelium,
mainly in the distal portion of the small intestine due to a favourably low pH, causing villous
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atrophy though laminar propria damage (Cho and Yoon, 2014). Additionally, after enterocyte
invasion, Clostridium perfringens causes changes to the structure of the intestinal cytoskeleton
through shortening of the columnar epithelial cells and destruction of microvilli (Cho and Yoon,
2014). If not monitored and treated promptly, any of these pathogens can cause severe
dehydration, malnutrition, reduced growth, and death.
1.2.1

Consequences, Concerns, and the Economic Loss of Neonatal Calf Diarrhea
Diarrhea in preweaned calves can have a direct economic impact on producers through

treatment and labour costs. Specifically, Goodell et al. (2012) calculated that a case of diarrhea in
a preweaned calf costs $56 USD, due to the cost of increased labour and medication. Beyond
these costs, preweaning calf diarrhea carries a 5.1% case fatality rate (Windeyer et al., 2014).
Diarrhea in the preweaning period can also have long lasting effects, as it negatively impacts
ADG by 50 g/day (DeBey et al., 1996; Abuelo et al., 2021), and results in almost a 10%
reduction in milk yield during first lactation (Heinrichs and Heinrichs, 2011; Abuelo et al.,
2021). In addition, calves with diarrhea are 2.9 times more likely to achieve first calving after 30
months of life (Waltner-Toews et al., 1986) - six months later than optimal calving age (Gabler
et al., 2000). Later age at first calving can lead to decreased lifetime milk production and
increased costs to rear replacement animals (Heinrichs and Heinrichs, 2011). Additionally, late
calving age is associated with a higher weight at first calving, causing considerable metabolic
and production complications during the transition period and throughout lactation (Zhao et al.,
2019). It is clear that the negative impacts of preweaning diarrhea can have not only short-term
consequences on calf health, but long-term effects on cow physiology and milk production.
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Thus, it is important to investigate strategies that reduce the high incidence of diarrhea, as well as
potential alternatives to antimicrobials when clinical diarrhea occurs.
Aside from its economic impacts, preweaning diarrhea poses a major threat to calf
welfare. There are a myriad of negative welfare challenges associated with diarrhea for
preweaned calves, such as ataxia, dehydration through loss of fluids, and weakness (Meganck et
al., 2014). Furthermore, due to its immunosuppressive nature, calves with diarrhea have a higher
likelihood of contracting other illnesses, such as respiratory disease (Cho and Yoon, 2014).
Additionally, several symptoms caused by diarrhea may result in unnecessary stress and pain
caused by anorexia and dehydration, which may ultimately result in death (Kaneene and Scott
Hurd, 1990; Bartels et al., 2010). Moreover, certain pathogens associated with calf diarrhea
(Cryptosporidium, rotavirus and Salmonella) can be harmful to human health due to their
zoonotic potential, as well as their abilities to develop antimicrobial resistance which can be
passed on when meat and milk are consumed (Garofalo et al., 2007; Chalmers et al., 2011;
Umpiérrez et al., 2017; Holschbach and Peek, 2018; Alaoui Amine et al., 2020; Tóth et al.,
2020).

1.3 Antimicrobial usage and its role in diarrhea therapy
Oral administration of amoxicillin, chlortetracycline, neomycin, oxytetracycline,
streptomycin, sulfachloropyridazine, sulfamethazine and tetracycline are all currently labeled in
the United States for the treatment of calf diarrhea (Constable, 2004). According to Urie et al.
(2018), the antimicrobials listed above are utilized as a therapy for approximately 75% of calves
diagnosed with diarrhea during the preweaning period. Due to a heavy reliance on these
antimicrobials, pathogens such as E. coli and Salmonella have developed resistance to
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antimicrobials (Malmuthuge et al., 2015b; Scott et al., 2018). In addition, antimicrobial exposure
can weaken the host’s immune system, increasing the risk for opportunistic pathogens, such as
coronavirus, to colonize the gut (Bartels et al., 2010). Antimicrobial therapy is meant to target
specific pathogens, however, this tends to force the gut microbiota into dysbiosis (Oultram et al.,
2015; van Vleck Pereira et al., 2016) through negatively impacting similar indigenous gut
microbiota that play an important role in digestion and immunity (Helander and Fändriks, 2014;
Zhang et al., 2019). The modification and deterioration of the composition of the gut microflora
can lead to long-lasting negative effects (Becattini et al., 2016), including increased gut
permeability that allows for increased invasion of numerous pathogens (Tulstrup et al., 2015).
Recent research in mice has shown that altered gut microflora composition negatively affects
macrophage functions by pushing them into a hyperactive state (Scott et al., 2018), resulting in
T-cell dysfunction and ultimately increased susceptibility to disease (Scott et al., 2018). The
preweaning period is a vital stage in gut microbiota establishment (Malmuthuge et al., 2015b).
Disruption of gut microbial homeostasis during this period can have detrimental effects on calf
health, including increased sensitivity to enteric infection, systemic disease and autoimmune
disorders (Becattini et al., 2016). Due to the negative implications of antimicrobial use on the
host immune system and gut microbiome, as well as concerns relating to the emergence of
antimicrobial resistance, there is a push for producers to reduce heavy reliance on antimicrobials
and begin to source alternatives when treating and augmenting the production and growth of
their animals in order to ensure social acceptance of the dairy industry (Cardoso et al., 2016).
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1.4 The role of the gastrointestinal microbiome in maintaining gut
homeostasis
An infant’s gut is sterile in utero, with gut microbiome colonization beginning at
parturition and continuing through early life (Bäckhed et al., 2015). A similar process is
suspected in the calf (Bäckhed et al., 2015), however, there is evidence that suggests microbiota
development may begin prenatally (Alipour et al., 2018). Although diversity of the gut
microflora is marginal at birth (Malmuthuge, 2016), during the first 48 hours of life and beyond
the microbiome is highly variable and diversifies significantly (Klein-Jöbstl et al., 2019). With
much of the gut microbiota colonization occurring through environmental interactions at and
soon after birth (Yeoman et al., 2018), colostrum feeding in early life can also significantly
influence and shape a calf’s microbiome due to its apple supply of energy sources which is
provided to the gut bacteria (Belkaid and Hand, 2014; Yeoman et al., 2018). Rectal microbiota
samples from newborn calves at birth show composition of Firmicutes, Proteobacteria,
Actinobacteria and Bacteroidetes (phyla) (Klein-Jöbstl et al., 2019). However, by the first day of
life, significant changes occur and only Firmicutes and Bacteroidetes remain, which is mainly a
result of the environmental microbiota and colostrum feeding (Klein-Jöbstl et al., 2019). In the
preweaning period, the intestinal microbiome is mainly comprised of bacteria (Fonty et al., 1987;
Malmuthuge et al., 2019) with Lactobacillus, Corynebacterium, Streptococcus, clostridium,
Pepto streptococcus and Bifidobacterium being among the 167 genera identified at one week of
life in the intestinal tract (Fonty et al., 1987; Malmuthuge et al., 2019). The gut microbiome
changes significantly and continuously as the calf develops, consumes more solid feed and is
weaned off milk (Malmuthuge et al., 2019).
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The gut microbiota plays an important role in stimulating the function of the host
immune system. This is especially prominent in neonates, where the early interactions of
microbial communities can initiate long term immunity through the development of the mucosal
layer of the epithelial cell barrier (Sharma et al., 1995; Petersson et al., 2010; Chung et al., 2012).
The epithelial layer is necessary for many vital immune and digestive functions of the GIT where
it plays a role in nutrient absorption and facilitates microbial cross-talk, as well as acts as a
barrier against bacterial invasion (Rautava and Walker, 2007; Chung et al., 2012; Helander and
Fändriks, 2014). Bacteria in the gut have a plethora of other functions, including improving
immune function, decreasing pH, mucosal gut barrier maintenance and increasing digestive
capacity (Uyeno et al., 2015). The gut itself provides a localized immune response by
eliminating pathogens with antigen presenting cells, neutrophils and natural killer cells (Wu and
Wu, 2012). Additionally, a large proportion of T cells are present in the GIT, which are critical
in the defense against pathogens (Wu and Wu, 2012). The colonization of commensal microbes
and their subsequent effects on calf immunity during early life promote a healthy gut
environment, which may provide protection against pathogens and the high incidence of diarrhea
in young calves.

1.5 Colostrum
Colostrum, the first milk produced following parturition, functions to aid in promoting
growth and development of the neonatal calf but also supplies maternal antibodies and cellmediated immunity to stimulate immune function within the first hours of life (Cho et al., 2013).
On-farm colostrum management has the greatest association with calf morbidity and mortality
(McGuirk and Collins, 2004); thus, it is vital to monitor the quality, quantity and cleanliness of
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colostrum and to ensure the calf receives the first colostrum feeding in a timely manner (Godden,
2008; Godden et al., 2019). To be characterized as “good-quality”, colostrum should contain
> 50 g/L of immunoglobulin G (IgG) to ensure successful transfer of passive immunity (Godden
et al., 2019). Quality can be altered by many factors, such as breed and age of the dam, nutrition
during the periparturient period, season of calving, length of previous lactation and delayed
colostrum collection (Godden et al., 2019). In terms of quantity, calves should receive 10-12% of
their body weight in colostrum at their first feeding (Godden et al., 2019) and ensure
consumption of at least 150 – 200g of IgG during the first 24 hours of life (Weaver et al., 2000;
Godden et al., 2019). Due to gut closure occurring during the first day of life, it is vital that
colostrum is fed soon after birth to supply the calf with ample immunoglobulins (Godden, 2008).
Additionally, the cleanliness of colostrum is crucial to calf vitality. The method in which
colostrum is collected and stored can influence the calf’s metabolism, endocrine system and
nutrition (Hammon and Blum, 1998; Berge et al., 2009a). If contamination with bacteria occurs
during the collection process, bacteria can bind to immunoglobulins, inhibiting their transport
across the enterocytes, thus, reducing transfer of passive immunity (Godden et al., 2019).
Bovine colostrum is abundant in immunoglobulins, which are more than 100 times
greater in colostrum than mature milk, to ensure protection against disease (Pakkanen and Aalto,
1997). The common isotopes include immunoglobulin M (IgM), immunoglobulin A (IgA) and
IgG, of which IgG is the primary isotope (Cho et al., 2013) accounting for 85 – 90% of all
bovine colostral immunoglobulins (Larson et al., 1980). Immunoglobulins are composed of short
and long polypeptide chains, with each class and sub-class differing slightly in chain formation
(Larson et al., 1980).
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During the first 24 hours of life, maternal immunoglobulins are absorbed through
colostrum to provide passive immunity to the calf (Godden, 2008). After ingestion,
immunoglobulins transfer into the neonate’s circulatory system through the lumen of the small
intestine (Pakkanen and Aalto, 1997) where the calf is provided with short-term, immediate
immunity (DuBourdieu, 2019). As gut permeability decreases rapidly during the first day of life
(Bush and Staley, 1980), delaying colostrum intake to as late as 12 hours of life will concurrently
reduce passive transfer of immunoglobulins (Fischer et al., 2018). Prior to absorption,
immunoglobulins will also defend against disease where they bind to pathogens on antigen
binding sites of the intestinal mucosal membrane preventing further intrusion or adhesion to the
epithelium through the provision of an intestinal barrier (Hilpert et al., 1987; Rump et al., 1992;
Ulfman et al., 2018). Colostrum also contains compounds that are responsible for the protection
of immunoglobulins, such as trypsin inhibitor, which prevent degradation of IgG in the GIT,
thus, increasing the availability of IgG for the calf (Godden et al., 2019). This compound is 100
times more abundant in colostrum than milk to account for the high concentrations of
immunoglobulins (Godden et al., 2019).
In addition to the supply of immunoglobulins in colostrum, it contains an abundance of
antimicrobial components. Lactoferrin, a bioactive protein in colostrum, has been shown to
prevent sepsis in infants and calves, which can occur in calves with diarrhea (Turin et al., 2014;
Habing et al., 2017). It exhibits antimicrobial characteristics by creating a localized iron
deficiency in bacteria though its binding capabilities, thus, minimizing the potential for bacterial
growth (Pakkanen and Aalto, 1997). Moreover, it inhibits the growth of many microbes,
including E. coli and Salmonella (Oram and Reiter, 1968; Lassiter et al., 1987; Batish et al.,
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1988; Saito et al., 1991). Lactoperoxidase is a similar bioactive compound that exhibits
antimicrobial qualities by inhibiting bacterial metabolism through the suppression of oxidation in
protein groups (Pakkanen and Aalto, 1997). Another bioactive compound, lysozyme, can
actively protect the host from gram-positive and gram-negative strains of bacteria by hydrolyzing
the β 1-4 linkages in the cell wall, thus causing cell lysis (Pakkanen and Aalto, 1997; Shah,
2000).
Colostrum is also rich in additional bioactive molecules (Blum and Hammon, 2000;
O’Callaghan et al., 2020), such as, insulin, insulin-like growth factor-I (IGF-I) and insulin-like
growth factor-II (IGF-II) (Blum and Hammon, 2000). Following parturition, their
concentrations decline rapidly, therefore, early collection of colostrum is vital to ensure that the
concentrations of both IgG and bioactive molecules are not diluted by transition milk (Blum and
Hammon, 2000). Insulin has been shown to improve the oral glucose absorption capabilities of
the calf, thus increasing its electrolyte levels (Steinhoff-Wagner et al., 2011). Growth factors
have been shown to stimulate the growth and maturation of the intestines as well as the other
mammalian cells (Pakkanen and Aalto, 1997). Specifically, epithelial cell growth and
development is stimulated by IGF-I and IGF-II (Pakkanen and Aalto, 1997). Similarly,
colostrum is rich in additional bioactive factors related to the innate and acquired immune system
that are useful in the treatment and prevention of certain illnesses (Stelwagen et al., 2009). These
include neutrophils, macrophages, immune regulators and anti-inflammatory molecules
(Stelwagen et al., 2009). Neutrophils and macrophages are responsible for eliminating pathogens
directly through phagocytosis, as well as through the production of cytokines (Stelwagen et al.,
2009). Cytokines, including IL-1β, IL-6, TNF-α and INF-γ, regulate immune function, infection
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and stress though immune cell recruitment, meditation of inflammatory processes, enhancing
phagocytotic abilities and immunological maturation (Hagiwara et al., 2000; Rathe et al., 2014).
In addition to factors that provide direct antimicrobial support with endotoxin-neutralizing
abilities, colostrum contains several more bioactive molecules such as leptin, casein and αlactalbumin that can reduce gut inflammation to encourage tissue repair and improve
gastrointestinal mucosal integrity (Rathe et al., 2014; Playford and Weiser, 2021).
Although the concentrations of colostral components can vary, it typically contains less
than half the amount of lactose and more than 70% of oligosaccharides found in whole milk
(Fischer-Tlustos et al., 2020). High levels of sialylated oligosaccharides are beneficial, as they
have many potential prophylactic functions (Martín-Sosa et al., 2002; Fischer-Tlustos et al.,
2020). During a diseased state, oligosaccharides provide several benefits through the inhibition
of the binding capacity of certain pathogens, including E. coli and rotavirus, to the intestinal
epithelium (Martín-Sosa et al., 2002; Ewaschuk et al., 2008; Chichlowski et al., 2012; Huang et
al., 2012; Ganguli et al., 2013) and through the reduction of gut permeability by enhancing the
expression of lipoproteins that comprise the tight junctional complexes (Ewaschuk et al., 2008;
Huang et al., 2012). Furthermore, oligosaccharides also decrease intestinal inflammation by
reducing the expression of pro-inflammatory cytokines, which modulate proteins in epithelial
tight junctions and enhancing the expression of anti-inflammatory cytokines (Ewaschuk et al.,
2008; Huang et al., 2012). In addition, certain oligosaccharides may accelerate and improve the
development of gut microflora in the calf by acting as an energy source for bacteria (Ewaschuk
et al., 2008; Chichlowski et al., 2012; Huang et al., 2012; Yu et al., 2013).
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Overall, the fat content of colostrum is higher than that of transition or mature milk
(O’Callaghan et al., 2020). Elevated concentrations of certain fatty acids in colostrum insinuates
that lipids may be essential for neonatal calves (Wilms et al., 2021). Neonatal ruminants are born
with low energy stores and limited ability to thermoregulate (Quigley and Drewry, 1998) as only
3% of a calf’s body weight is made up of lipids at birth (Morrill et al., 2012). The high levels of
fat in colostrum are necessary to provide energy and to improve the calf’s thermoregulatory
abilities (Quigley and Drewry, 1998). Moreover, parturition activates the calf’s metabolic and
respiratory processes, exposing it to high levels of oxidative stress (Opgenorth et al., 2020a).
Although the majority of lipids are in the form of triglycerides (MacGibbon and Taylor, 2006),
the increased concentration of polyunsaturated fatty acids in colostrum have been shown to
reduce the numbers of oxidants and reactive oxygen and nitrogen species, providing a greater
antioxidant capacity and decreasing oxidative stress experienced by the calf (Opgenorth et al.,
2020a; b)
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1.5.1

Hyperimmune colostrum as a treatment for diarrhea
Hyperimmune colostrum has been used as a therapy for gastrointestinal diseases in the

dairy industry for many years (Ulfman et al., 2018). It is produced by exposing the dam to a
specific pathogen, which will enrich her colostrum with IgG specialized to recognize and protect
the neonate against the specific pathogen (Kramski et al., 2012; Ulfman et al., 2018). This
antibody enriched colostrum has been used in human infants, children and adults to treat diarrhea
caused by coronavirus (Ikemori et al., 1997), rotavirus (Davidson et al., 1989) and C. Parvum,
alleviating symptoms for up to 3 months at a time with a single dose (Chapman and Roberton,
1986; Fayer et al., 1989a; Ungar et al., 1990). Hyperimmune colostrum has also shown to be
effective in reducing the concentration C. parvum in the GIT of mice (Fayer et al., 1989b) and
decreasing calf mortality during a coronavirus challenge (Ikemori et al., 1997). Treating
gastrointestinal diseases with hyperimmune colostrum is an attractive alternative to
antimicrobials as there are no effects on the diversity of the gut microflora (Sponseller et al.,
2015). Although hyperimmune colostrum poses several benefits, it is not feasible on a mass scale
for treatment of calf diarrhea due to cost and production time. The use of hyperimmune
colostrum may also pose societal concerns from both cow welfare and health standpoints due to
the purposive administration of pathogens to create a product for the animal production industry.
Furthermore, as stated previously, calf diarrhea is a multifactorial disease and a single case of
diarrhea can be cause by multiple pathogens. Thus, it would prove increasingly difficult and
expensive to expose cows to multiple pathogens to create a hyperimmune colostrum that is
effective towards the abundance of pathogens implicated in calf diarrhea. When the inefficiency
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and potential welfare and health concerns of hyperimmune colostrum are considered, it is clear
that natural colostrum may act as a more suitable option to prevent and treat calf diarrhea.
1.5.2

Natural colostrum as a preventative for calf disease
Failure to absorb an adequate quantity of high quality immunoglobulins, especially IgG,

is termed failed transfer of passive immunity, which results in a deficient immune system and
increased risk of disease (Godden, 2008). A newly recommended scale has been designed to
measure transfer of passive immunity in four categories: > 20.5, 18.0 – 24.9, 10 – 17.9 and < 10
IgG/L representing excellent, good, fair and poor, respectively (Lombard et al., 2020).
Achievement of good and excellent rates of passive transfer are used as a metric to indicate a
lower risk for and less susceptibility to morbidity and mortality (Lombard et al., 2020).
Although correlations between morbidity and mortality and the newly recommended passive
transfer categories have been clearly demonstrated, it is necessary to determine correlations
between each category and the incidence of specific diseases, including both respiratory and
digestive disease.
Recently, there have been several studies highlighting the benefit of prolonged
supplementation of colostrum beyond the first day of life. Kargar et al. (2020) determined that
the enhancement of five liters of milk replacer with 0.7 kg/day of colostrum for 14 days
postnatally improved ADG and decreased the risk of elevated rectal temperatures, diarrhea and
pneumonia. Likewise, Berge et al. (2009) concluded that enhancing milk replacer with 70 g of
colostrum replacer for 14 days increased grain consumption and ADG while reducing diarrhea
incidence and antimicrobial administration. In addition to improved health, transition milk has
also been shown to improve the development of the gastrointestinal tract (Berge et al., 2009a).
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Feeding colostrum for 72 hours postnatally has been shown to improve the development and
maturation of the small intestine, as well as improve IgG persistency (Hare et al., 2020; Pyo et
al., 2020). Similarly, an enhanced nutritional plane in the preweaning period results in improved
mammary tissue growth and mammogenic stimulation (Geiger et al., 2017). However, it is
difficult to distinguish whether the benefits of most of the aforementioned studies are a result of
extra nutrients, bioactives, or a combination of the two, as energy and protein provisions are
rarely balanced between treatments. Yet, this collection of studies suggests that an elevated
colostrum allowance following the first day of life improves calf health and development, thus,
acting as a short and long-term prophylactic for disease. Specifically, this research, along with
the current body of literature highlighting the beneficial effects of colostral bioactive molecules
on calf GIT development and health, indicate a great potential for colostrum as a preventative
treatment for the current high rates of calf diarrhea.
1.5.3

Natural colostrum as a treatment for diarrhea
Studies evaluating the use of natural colostrum have also shown positive results when

using it as a treatment for different forms of diseases in humans. Bovine colostrum has been
shown to improve gut immunity following certain diseases or treatments, such as short term
bowel syndrome and chronic pain syndrome (Rathe et al., 2014). It has been found to minimize
the immunosuppressive effects of intense physical activity through enhanced recovery and
decreased innate immunity (Davison and Diment, 2010). Moreover, owing to the antimicrobial
and anti-inflammatory properties of bovine colostrum, it can be beneficial in treating many
different infections (Rathe et al., 2014).
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Few studies have explored the efficacy of bovine colostrum as a treatment for disease in
neonatal calves. Cantor et al. (2021) highlighted how the use of colostrum may reduce disease
likelihood in calves that had shown early disease symptoms. This research exemplifies that
colostrum has an advantageous influence on calves displaying signs of morbidity, however,
further research must investigate the effects of colostrum on diarrhea specifically. Bovine
colostrum holds the potential to become a sustainable and effective therapy for neonatal calf
diarrhea (Barakat et al., 2019). Colostrum has shown to naturally improve development and
microbial colonization and development, as well as minimize inflammation within the GIT
(Belkaid and Hand, 2014; Godden et al., 2019). Critically high levels of antimicrobial resistance,
in addition to the physiological upset antimicrobials pose to a young calfs’ GIT, warrant a shift
in therapeutics used for the treatment of diarrhea in preweaning calves (Malmuthuge et al.,
2015b; Oultram et al., 2015; Scott et al., 2018).
Feeding colostrum after gut closure has occurred may have residual benefits. Although
absorption will have ceased, immunoglobulins can still provide protection against pathogens in
the GIT (Ulfman et al., 2018). Moreover, there are an abundance of components that can
improve calf diarrhea, such as oligosaccharides, lipids, growth factors, hormones antibodies that
continue to protect and maintain a healthy GIT (Snodgrass et al., 1982; Godden et al., 2019).
Furthermore, several bioactives in colostrum provide immunity through phagocytosis and the
prevention of pathogen growth (Godden et al., 2019). This abundant combination of nutrients
and bioactives could be the resource that is necessary in the treatment of diarrhea in young
calves.
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1.6 Future research directions
There have been recent studies attempting to find alternative treatments for neonatal calf
diarrhea, including essential oil, probiotics, and prebiotics (Katsoulos et al., 2017; Renaud et al.,
2019). The current alternatives to antimicrobials consist of either a single treatment or
combination of 2-4 ingredients; contrarily, colostrum is a natural combination of hundreds of
bioactives specifically tailored to the calf (Katsoulos et al., 2017; Godden et al., 2019; Renaud et
al., 2019). Knowledge is still lacking within this field and minimal research has been done to
evaluate the impact natural bovine colostrum can have as a treatment for neonatal calf diarrhea.
It is not known if colostrum can lead to improved recovery from diarrheic symptoms or what the
proper treatment protocol should be (i.e. required dosage and quality level of the colostrum). It is
clear that an adequate quantity of colostrum fed quickly after birth will provide the calf with
protection against the development of diarrhea. Additional research has highlighted that even
following gut closure, supplementation of colostrum can reduce diarrhea through its bioactive
and immune enhancing components (Berge et al., 2009b). Other research has shown that by
adding colostrum to milk replacers, the probability that antimicrobial treatment would be
required decreased by 57.7%, as colostrum acted as a protectant against diarrhea, respiratory
disease and navel ill (Chamorro et al., 2017). As such, evaluating the efficacy of colostrum as a
therapy for diarrhea in young calves may help identify a practical and acceptable alternative
treatment for producers in the dairy industry.

1.7 Randomized control trials
An appropriately designed randomized control trial (RCT) yields the most accurate evidence to
determine the effectiveness of a treatment and an outcome of interest (Sibbald and Roland, 1998;
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Sargeant et al., 2010). There are five important features of an RTC: (1) Random allocation of
treatments to each intervention group, (2) both researchers and subjects should be blinded to
allocated interventions, (3) Subjects are analyzed within their allocated group, (4) all subjects
must be treated equally aside from their allocated treatment, and (5) analysis focuses on the size
of the difference between predetermined outcomes between treatment groups (Sibbald and
Roland, 1998). Reporting Guidelines for Randomized Controlled Trials in Livestock and Food
Safety (REFLECT) are a set of reporting guidelines published specifically for livestock research
(O’Connor et al., 2010). To ensure veterinarians and researchers can make accurate evidencebased decisions, it is vital that RCTs in the livestock sector are executed according to the
REFLECT guidelines. This will ensure all necessary information is accounted for to facilitate
easy interpretation of the results, replication and evaluation of internal and external validity as
well as to assess and reduce potential biases the study may have (Sargeant et al., 2010; White
and Larson, 2015).

1.8 Summary and research objectives
The Dairy industry is making tremendous efforts to improve animal welfare and health
through improved hygiene, management, and environment. However, several diseases in
preweaning calves still pose serious issues. With antimicrobial resistance steadily inclining, there
has been a recent influx of research related to antimicrobial alternatives. Colostrum holds the
potential to be used as a natural prophylactic and therapy for diarrhea in young calves. Using
future research regarding the development of protocols, this therapy may be a practical and
natural method to treat preweaning calves with diarrhea while adhering to industry and consumer
standards.
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The primary objectives of this thesis are:
1. To investigate the efficacy of bovine colostrum as a therapy for diarrhea in preweaned
calves by evaluating the duration and severity of disease as well as growth throughout the
preweaning period.
2. To evaluate the changes in the fecal microbiota of preweaned calves when bovine
colostrum is used as a therapy for diarrhea.
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Table 1.1. Comparison of component concentrations within bovine colostrum and mature milk and their benefits to gut immunity and
development.
Concentration
Colostrum Bioactive
Unit Colostrum

Immunoglobulin G

g/l

Benefit to the gastrointestinal tract

Reference

Primary immunity contributor through

(Hilpert et al., 1987; Rump et al.,

pathogen binding in the intestinal mucosal

1992; Blum and Hammon, 2000;

membrane and passive immunity when

Ulfman et al., 2018; Godden et al.,

absorbed into the circulatory system.

2019)

Mature Milk

81

<2

Sepsis prevention in infants. Binds to iron,
preventing excess growth of bacteria, such as
E. coli & Salmonella.
Lactoferrin

g/l

1.84

0.1

(Oram and Reiter, 1968;
Korhonen, 1977; Lassiter et al.,
1987; Batish et al., 1988; Saito et
al., 1991; Pakkanen and Aalto,
1997; Blum and Hammon, 2000;
Turin et al., 2014; Habing et al.,
2017)
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Lactoperoxidase

0.011-

0.013-

Inhibitory effects on bacterial metabolism

(Korhonen, 1977; Pakkanen and

0.045

0.030

through suppression of oxidation in proteins.

Aalto, 1997)

140-700

70-600

g/l

Cell lysis caused by hydrolysis of β linkages in (Korhonen, 1977; Pakkanen and
Lysozyme

ug/l

the cell wall of gram-positive and gram-

Aalto, 1997; Shah, 2000)

negative bacteria.

Insulin

ug/l

65

1

Promotes cell growth in the small intestine.

(Shulman, 1990; Blum and
Hammon, 2000)

50

310

<2

Insulin-like growth factor-I ug/l

(Pakkanen and Aalto, 1997; Blum
Stimulates intestinal cell growth and epithelial
and Hammon, 2000)
development.

Stimulates intestinal cell growth and epithelial (Vega et al., 1991; Pakkanen and
Insulin-like growth factor-II ug/l

150

1
development.

Aalto, 1997; Blum and Hammon,
2000)

Oligosaccharides

g/l

1

<0.2
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Reduces gut permeability and promotes gut

(Nakamura et al., 2003; Fischer-

microflora development.

Tlustos et al., 2020)

Improves thermoregulation capabilities. High (Quigley and Drewry, 1998; Blum
Fatty Acids

g/l

64

39

levels of PUFA decreases oxidative stress by

and Hammon, 2000; Yu et al.,

reducing the oxidants and reactive oxygen and

2013; Opgenorth et al., 2020a)

nitrogen species.

IL-1 β
μg/L
Cytokines

IL-6
TNF-α
INF-γ

845

3

Anti-inflammatory capabilities through

75

<0.2

the neutralization of pro-inflammatory (Hagiwara et al., 2000; Bernard et

925

3

molecules. Specifically, INF-γ

260

0.2

amplifies the capacity of phagocytic
cells.
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al., 2008)

Figure 1.1. Pathophysiology of diarrhea-causing pathogens; rotavirus, coronavirus, C. parvum and E. coli.

53

2

Chapter Two: Evaluating the Efficacy of Colostrum as a
Therapy for Diarrhea in Preweaned calves

2.1 Abstract
Diarrhea is the primary cause of morbidity and mortality in dairy calves. Many cases of
diarrhea in calves are treated with antimicrobials, increasing the risk of antimicrobial resistance,
therefore, creating a need for alternative therapies. The objective of this study was to evaluate the
effects of feeding spray dried natural bovine colostrum replacer at the onset of diarrhea on calf
growth and duration and severity of the disease in preweaned dairy calves. At a calf-raising
facility in southern Ontario, calves were scored for fecal consistency twice daily on a scale of 0
to 3 and enrolled into the trial when they had two consecutive fecal scores of 2 (runny or spreads
readily) or one fecal score of 3 (liquid consistency, splatters). Calves were then randomly
allocated to receive one of three treatments: 1) Control (CON; n = 35): eight feedings over 4 d of
2.5 L of milk replacer at a concentration of 130 g/L (26% crude protein and 20% fat), 2) Short
term colostrum supplementation (STC; n = 35): four feedings over the first 2 d of 2.5 L of a
mixture of milk replacer at 65 g/L and bovine colostrum replacer at 65 g/L (26%
immunoglobulin G and 14.5% fat) followed by four feedings over 2 d of 2.5 L of milk replacer at
a concentration of 130 g/L, or 3) Long term colostrum supplementation (LTC; n = 38): eight
feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and bovine colostrum replacer
at 65 g/L. Serum immunoglobulin G was determined at arrival to the facility and body weight
(BW), days to enrollment since facility arrival (DTE), and severity of diarrhea (SDE) were
recorded at enrollment. Daily health exams evaluating fecal consistency were performed for 28
consecutive days after enrollment and body weight was measured at d 0, 1, 2, 3, 4, 7, 14, 21, 28,
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42 and 56 after enrollment. The median (range) days to resolution of a case of diarrhea was 3.5 d
(0.5 to 11.5 d), 2.75 d (0.5 to 11.0 d), and 2.75 d (0.5 to 7.0 d) in CON, STC, and LTC,
respectively. Using a Cox proportional hazards model, it was found that calves in LTC group had
faster resolution of diarrhea compared to calves in the CON group. In addition, there was an
association between both DTE and BW and resolution of diarrhea, where calves who were at the
facility longer prior to enrollment and heavier at the onset of diarrhea, resolved diarrhea quicker.
In addition, calves with a fecal score of 3 at enrolment took longer to resolve their case of
diarrhea. With respect to body weight, a linear regression model was built and found that over
the 56 d following enrollment calves in the LTC treatment grew 98 g/d more than calves in the
CON group. These results suggest that bovine colostrum may be an effective therapy for diarrhea
in preweaned calves.

2.2 Introduction
Diarrhea has been reported to cause 56% of the disease and 32% of the deaths in
preweaned dairy calves (Urie et al., 2018). This disease poses significant welfare and health
concerns, such as dehydration, anorexia, reduced immune function, and death, as well as reduced
levels of growth and an increased risk of developing respiratory disease (Schinwald et al., 2022).
In addition, diarrhea in preweaned calves can result in long-term economic and production
consequences such as poorer reproduction and lower levels of milk production in their first
lactation (Bartels et al., 2010; Abuelo et al., 2021). Beyond consequences surrounding
productivity, there is concern surrounding the overuse of antimicrobials in cases of diarrhea.
Specifically, studies suggest that three quarters of gastrointestinal diseases in calves are treated
with antimicrobials; however, less than half of the producers have designed a protocol to
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determine when to administer antimicrobial treatments (Urie et al., 2018; Uyama et al., 2021).
Exposure to antimicrobials in early life can also lead to long lasting immunocompromising
effects due to alterations to the gut microbiota, resulting in dysfunction of the gastrointestinal
tract (GIT) (Helander and Fändriks, 2014; Oultram et al., 2015; van Vleck Pereira et al., 2016).
Additionally, the heavy reliance on antimicrobials can lead to the development of resistant
pathogens, such as strains of Salmonella and Escherichia coli (Malmuthuge et al., 2015b; Scott
et al., 2018). Therefore, investigation into effective alternatives to antimicrobials is vital to aid in
diminishing health and societal concerns related to antimicrobial usage.
Bovine colostrum may be a potential therapy for diarrhea and alternative to
antimicrobials. Both colostrum and spray dried colostrum replacer contain high concentrations of
bioactive factors (i.e., antibodies, hormones, growth factors, oligosaccharides and fatty acids)
and nutrients naturally tailored to optimize calf health and immunity (Godden et al., 2019; Carter
et al., 2021; Fischer-Tlustos et al., 2021). Colostrum’s beneficial qualities have been used for
centuries to provide supplemental nutrition and as a therapy for numerous illnesses, including
diarrhea in humans (Kim et al., 2009; Rathe et al., 2014; Ulfman et al., 2018). Recently, the use
of colostrum in calves has been explored beyond the first feeding after calving and many
advantages have been identified (Berge et al., 2009b; Chamorro et al., 2017; Kargar et al., 2020;
Cantor et al., 2021). Specifically, these experiments suggest that there may be benefits to using
bovine colostrum as a prophylactic to prevent diarrhea in calves by feeding colostrum after the
first day of life. Several benefits were identified, including improved growth rates of diseased
calves, reduced incidence and duration of other diseases, including bovine respiratory disease
and diarrhea, as well as reduced antimicrobial usage and mortality. Despite these positive
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benefits of supplementing colostrum beyond the first feeding after calving, evidence supporting
the use of natural bovine colostrum and colostrum replacer as a therapy for diarrhea in calves is
lacking.
The primary objective of this randomized controlled trial was to evaluate the effect of
bovine colostrum on diarrhea resolution in young dairy calves. A secondary objective was to
determine the impact of colostrum in diarrheic calves on growth over the 56 d experimental
period. We hypothesized that feeding young calves bovine colostrum at the onset of diarrhea
would decrease the length and severity of the disease while improving growth.

2.3 Materials and Methods
This randomized control trial was conducted at a commercial calf raising facility in
southwestern Ontario from June 7th to July 19th, 2021. This facility was chosen based on its
capability to conduct this study and proximity to the University of Guelph. The study was
approved by the University of Guelph Animal Care Committee (AUP:4551). This manuscript is
reported following the Reporting Guidelines for Randomized Controlled Trials for Livestock and
Food Safety (REFLECT) statement (O’Connor et al., 2010).
2.3.1

Housing and feeding

Calves arrived at the participating farm at approximately 3 to 7 days of age. However, the exact
age was not known as data collection began at arrival to the facility. Calves were sourced from
auctions, drovers, and local dairy producers. Two batches of 80 calves were used; they arrived 21
days apart and were housed in rooms with 80 individual 1m2 pens with slatted partitions and
rubber flooring. From 0 d to 20 d, calves were fed 2.5L of milk replacer at a concentration of 130
g/L (Table 1; Custom mix, Mapleview Agri Ltd., Mapleton, Ontario, Canada). Between 21 d and
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27 d, the milk allowance was increased to 3 L of milk replacer twice daily. On 28 d, the milk
allowance was increased again to 3.5 L of milk replacer two times per day. From 35 d until 41 d
milk allowance was decreased to 3 L of milk replacer twice daily. From 42 d until 49 d milk
allowance was decreased again, with calves receiving 2 L of milk replacer twice daily, and from
49 d to 55 d calves were fed 2 L of milk replacer only once per day. Refusals were measured and
recorded by weight. Calves had ad libitum access to texturized calf starter (18% crude protein,
26.5% starch, 17.3% NDF, 3.6% crude fat, and 5.6% ash) (Custom mix, Wallenstein feed and
supply, LTD, Wallenstein, Ontario, Canada), chopped straw, and water throughout the entirety of
the study.
Upon arrival to the calf rearing facility, calves were weighed using a Tru-Test digital
weight scale (Mineral Wells, TX), and blood samples were taken via jugular venipuncture with a
10 mL sterile vacutainer tube (BD Vacutainer Serum Blood Collection Tubes; Becton, Dickinson
and Co) and put on ice for 2 hours until centrifugation occurred. Blood serum was separated by
centrifugation (3,000 × g at 4°C for 15 min) and frozen at -20°C until serum Immunoglobulin G
(IgG) concentration determination by radial immunodiffusion (Shivley et al., 2018).
2.3.2

Experimental design, treatment assignment, and measurements
Two observers were responsible for performing daily health evaluations and enrolling,

feeding, and weighing the calves. The observers and producer were blinded to the treatment
groups. Calves were scored for fecal consistency twice daily on a four point scale: 0 = normal
(firm but not hard); 1 = soft (does not hold form, piles but spreads slightly); 2 = runny (spreads
readily); and 3 = watery (liquid consistency, splatters) (Larson et al., 1977; Renaud et al., 2020).

58

Calves were enrolled from 2 d to 21 d after arrival when they had two consecutive fecal scores of
2 or one fecal score of 3. During the first 48 hrs (0 and 1 d) after arrival to the facility, calves
were not eligible for enrollment to eliminate diarrhea that may have been caused due to stress
associated with transportation. Enrolled calves were randomly allocated to receive one of three
treatments: 1) Control (CON): eight feedings over 4 d of 2.5 L of milk replacer at a
concentration of 130 g/L (Table 1), 2) Short term colostrum supplementation (STC): four
feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L and bovine colostrum
replacer (26% IgG, HEADSTART, Saskatoon Colostrum Company Ltd., Saskatoon, SK,
Canada) at 65 g/L (Table 1) followed by four feeding over 2 d of 2.5 L of milk replacer at a
concentration of 130 g/L, or 3) Long term colostrum supplementation (LTC): eight feedings
over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and bovine colostrum replacer at 65 g/L.
Calves were assigned to each treatment by observers according to the RAND command in
Microsoft excel (Version 16.21.1, Microsoft Corp., Redmond, WA) generated by the research
team. Upon enrollment, each calf was also given a single dose of meloxicam (Metacam,
Boehringer Ingelheim Vetmedica Inc., Saint Joseph, MO, USA) injected subcutaneously at a
dose of 0.25 mL per 10 kg of body weight and given 2 L at 115 g/L of electrolytes (Truvitalyte,
Trivital, Palmerston, ON, Canada). Moreover, calves were fed a dose of 2 L at 115 g/L of
electrolytes when a milk refusal of over 25% was recorded or when signs of dehydration (sunken
eyes, prolonged skin tent, or change in attitude) appeared.
Once enrolled, calves were followed for 56 d. Fecal consistency score was recorded for
each calf twice daily. Weights were recorded on 0, 1, 2, 3, 7, 14, 21, 28, 42, and 56 d after
enrollment using a Tru-Test digital weigh scale. Additionally, antimicrobial treatments,
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mortality, and milk refusals were recorded throughout the study. With respect to antimicrobial
therapy for diarrhea, if a calf did not consume all milk offered or had a depressed attitude, it was
administered trimethoprim sulphadoxine (Borgal; MSD Animal Health, Kenilworth, NJ, USA)
intramuscularly at a dose of 3 mL per 45 kg of body weight and provided with 1 L of Lact-R
(Bimeda-MTC, QC, Canada) subcutaneously. If a calf showed signs of respiratory disease, it was
treated subcutaneously using florfenicol (Nuflor; Merck, Kirkland, QC, Canada) at a dose of 6
mL per 45 kg of body weight. If a relapse occurred, ceftiofur (Excenel; Zoetis Inc., Florham
Park, NJ, USA) was administered for four consecutive days at a dose of 2 mL per 45 kg.
Fecal samples were taken at enrollment, split into triplicates, and stored at -20°C until
they were sent for viral, bacterial, and parasitological analysis at a commercial laboratory
(Animal Health Laboratory, Guelph, ON, Canada). Fecal samples were analyzed for rotavirus,
coronavirus and Cryptosporidium parvum using real-time PCR testing. For PCR testing, each
fecal sample was swabbed and resuspended in PBS to make a 10% suspension. The suspension
was vortexed and centrifuged before extraction. All samples were extracted using the MagNA
Pure 96 (Roche, Mississauga, ON, Canada) and the PCR was run on the Light Cycler 480
(Roche, Mississauga, ON, Canada). The feces were swabbed and plated on MacConkey agar and
Hektoen agar and incubated at 35°C in atmospheric conditions for a total of 48 hrs to evaluate
bacterial isolation. Plates were read at both 24 and 48 hrs for E. coli growth.
2.3.3

Sample size calculation
The sample size was calculated based on the anticipated time to resolution of diarrhea of

3 d (SD = 2.5) in the LTC group compared to 5 d (SD = 2.5) in the CON group (Katsoulos et al.,
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2017; Renaud et al., 2019). Using a 95% confidence interval and a power of 80%, it was
determined that 78 calves (26 per treatment) would be required for this study.
2.3.4

Statistical analysis
All statistical analyses were conducted in Stata 17 (StataCorp LP, College Station, TX).

Data were imported from Microsoft Excel (Version 16.21.1, Microsoft Corp., Redmond, WA)
into Stata17 and checked for completeness. A causal diagram was created to evaluate
relationships between the explanatory variables and the outcome of interest (Figure 1).
Descriptive statistics were generated on all explanatory variables in the data set using a one-way
ANOVA or Kruskal-Wallis test to describe continuous normally distributed or non-normally
distributed variables, respectively. A χ2 test was used for categorical variables.
Cox proportional hazards models were built to investigate the number of days to
resolution of an abnormal fecal consistency score as well as antimicrobial treatments. Resolution
of diarrhea was defined as having two consecutive fecal scores of < 1. A Mixed linear regression
model was created to evaluate the effect of treatment on ADG [(Body weight at 56 d - weight at
enrollment) / 56 d] over the experimental period, whereas a repeated measures linear regression
model was used to assess growth at the different timepoints weight was collected. In addition, a
repeated measure logistic regression model was created to evaluate the effect treatment had on
refusals, whereas an exact logistic regression model was used to analyze mortality. In all
statistical models, room was used as a random effect to control for variation that existed between
the rooms of 80 calves.
The assumption of linearity of continuous explanatory variables was assessed in each
model by plotting lowess smoothing curves. If the predictor failed to meet the assumptions of
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linearity, the variable was categorized. Specifically, IgG concentration at arrival to the facility
was categorized based on a scale developed by Lombard et al. (2020) (< 10 g/L, 10.0 to 17.9 g/L,
18.0 to 24.9 g/L, or > 25 g/L representing poor, fair, good, and excellent transfer of passive
immunity, respectively), and bodyweight at enrollment and days to enrollment were categorized
into quartiles. Univariable regression models were built using a liberal P-value (P < 0.2) to
screen for variables that were associated with the outcome. Pearson and Spearman correlation
coefficients were used to assess collinearity between variables. If either of the coefficients
exceeded 0.8, the variable was classified as collinear and two models were built for collinear
variables, with the variable from the model with the lowest Akaike information criterion and
Bayesian information criterion being retained. A manual backward selection process was used
where all risk factors that had univariate associations (P < 0.2) were offered into multivariable
models. All variables that were removed from the model were assessed for confounding by
evaluating the effect of the removed variables on the remaining variables. A variable was
deemed as a confounder if it was not an intervening variable based on the causal diagram and if
the coefficient of a variable with significance changed by at least 20%. Biologically plausible
interaction terms were assessed, and variables remained in the final model if they were
significant (P < 0.05).
The proportional hazards assumption of the Cox proportional hazards models was tested
using Shoenfeld residuals. In all models except the Cox proportional hazards model, we assessed
the homogeneity of random effects at each level by graphing the best linear unbiased estimators
against their predicted values. We also assessed the distribution of random effects at each level
by generating quantile-quantile plots. Logistic models were assessed with a goodness of fit test
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and in linear regression models we assessed the homogeneity of residuals by graphing residuals
against their predicted values and assessed the distribution of residuals using quantile-quantile
plots. In addition, outliers were identified and evaluated to determine the characteristics of the
observations that made them outliers and to ensure the data were not erroneous.

2.4 Results
2.4.1

Descriptive results
Of the 160 calves brought to the facility, a total of 108 male Holstein dairy calves were

enrolled in the study with 35 calves enrolled in both the CON and STC treatment group and 38
calves enrolled in the LTC treatment group. Flow through the study is shown in Figure 2. The
majority of the calves were sourced directly from producers within a 30 km radius of the calfrearing facility (38%) and auction facilities (37%), with the remaining quarter of the calves being
sourced from drovers (25%). The mean IgG concentration at arrival to the facility was 19.6 g/L ±
11.33 g/L (mean ± SD) and ranged from 0.7 g/L to 58.2 g/L. Approximately one third of the
calves had a fair (10 – 17.9 g/L) concentration of IgG (32%), followed by excellent (>25 g/L)
(29%), poor (<10 g/L) (21%) and good (18 – 24.9 g/L) levels of IgG (18%). The average body
weight at enrollment was 52 kg ± 4.8 kg and ranged from 41.7 kg to 64 kg. The average days to
enrollment was 4.9 d ± 1.75 d and ranged from 2 d to 8 d. Half of the calves were enrolled with
two consecutive fecal scores of 2 (49%) and half were enrolled with one fecal score of 3 (51%).
Rotavirus (40%) was the most common pathogen detected at enrollment, followed by
Cryptosporidium parvum (26%), coronavirus (21%) and E.coli (13%). Half of the calves had two
pathogens identified in their fecal samples (48%), the remainder had three pathogens (30%), 1
pathogen (14%), and no pathogens (8%) identified. There were no significant differences
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between groups with respect to body weight at enrollment (P = 0.09), days to enrollment (P =
0.94), IgG concentrations (P = 0.21), pathogen load at enrollment (P = 0.35), pathogen type (P =
0.39) severity of diarrhea (P = 0.98) or the facility where the calf was sourced (P = 0.72).
2.4.2

Refusals
A total of 122 refusals of > 25% of a feeding (14% of all feedings) were recorded during

the first eight feeding after enrollment. Most refusals occurred in the CON group (38%),
followed by the LTC group (35%), with the fewest in the STC group (27%). Refusals occurred
mostly in the first (16%) and second (20%) feeding after enrollment and decreased thereafter.
Using a repeated measures mixed logistic regression model, it was determined that no
differences were found in refusals between the STC (P = 0.92) group and LTC (P = 0.86) group
compared to the control group (Figure 3).
2.4.3

Resolution of diarrhea
The median days for resolution of an abnormal fecal score was 3.5 d (range = 0.5-11.5),

2.75 d (range = 0.5-11), and 2.75 d (range = 0.5-7) in the CON, STC, and LTC groups,
respectively. Using a Cox proportional hazards model, treatment group, serum IgG
concentration, bodyweight at enrollment, days to enrollment following facility arrival, severity of
diarrhea, and the number of pathogens detected at enrollment in fecal samples were significant in
univariable analysis. In the final multivariable model, treatment group, severity of diarrhea, body
weight at enrollment, days to enrollment following arrival, and the number of pathogens
identified were significant. Specifically, calves enrolled into the LTC colostrum group resolved
faster compared to calves in the CON group (Table 2). In addition, calves enrolled with a fecal
score of 3 took longer to resolve their diarrhea, whereas calves with a higher body weight at
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enrollment, calves enrolled more than 4 d after arrival, and those infected by only one pathogen
compared to multiple pathogens resolved their diarrhea faster (Table 2). A Kaplan-Meier
survival function visually illustrates the difference between treatment groups in terms of the days
to resolution of an abnormal fecal consistency score (Figure 4).
2.4.4

Antimicrobial therapy for diarrhea
A total of 44/108 (41%) calves were treated for diarrhea with antimicrobials. Calves in

the STC group received the most treatments (17/44, 39%) followed by the CON group (15/44,
34%), and the LTC group (12/44, 27%). A Kaplan-Meier failure function was used to visually
identify the proportion of calves treated for diarrhea with antimicrobials (Figure 5a).
Bodyweight at enrollment had a significant effect on antimicrobial treatments for diarrhea at the
univariable level and was added at the multivariable level. However, in the final model, solely
bodyweight at enrollment was significant and treatment group was forced into the model.
Specifically, with respect to bodyweight at enrollment, the hazard of treatment using
antimicrobials for diarrhea was significantly lower for calves weighing greater than 55.8 kg at
enrollment (Hazard Ratio (HR) = 0.09, P = 0.03, 95% Confidence Interval (CI) [0.01-0.79])
compared to calves weighing < 49.09 kg. No differences were found concerning the hazard of
antimicrobial therapy for diarrhea between STC (HR = 1.5, P = 0.40, 95% CI [0.58-3.89]) and
LTC (HR = 0.97, P = 0.96, 95% CI [0.37-2.55]) groups compared to the CON group.
2.4.5

Antimicrobial therapy for respiratory disease
Throughout the study, 27 (25%) calves were treated by observers for respiratory disease

using antimicrobials, with 9 (33%) calves treated in the CON group, 9 (33%) calves in the STC
group, and 9 (33%) calves treated in the LTC group. A Kaplan-Meier failure function was
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generated to illustrate the proportion of calves treated for respiratory diseases with antimicrobials
(Figure 5b). At the univariable level, severity of diarrhea had a significant effect on
antimicrobial treatments for respiratory disease. In the final cox proportional hazards model,
treatment group was forced into the model, however, severity was the sole variable found to be
associated with treatment for respiratory disease. Calves enrolled with one fecal score of 3 had a
significantly lower hazard for treatment of respiratory disease with antimicrobials compared to
calves enrolled with two consecutive fecal scores of 2 (HR = 4.27, P = 0.01, 95% CI [1.4312.8]). No differences were found between the LTC (HR = 0.74, P = 0.60, 95% CI [0.25-2.21])
and STC (HR = 0.98, P = 0.97, 95% CI [0.34-2.79]) groups compared to the CON group with
respect to hazard of treatment of respiratory disease using antimicrobials.
2.4.6

Mortality
During the study, eight calves died (7%), the majority in the CON group (5/8, 63%),

followed by the STC group (3/8, 37%), and no deaths in the LTC group. A Kaplan-Meier failure
function was used to illustrate the proportion of calf mortality after enrollment separated by
treatment group (Figure 5c). At the univariable level, there were no significant explanatory
variables for mortality using an exact logistic regression model. Specifically for treatment group,
no significant differences were found between the STC group (odds ratio = 0.55, P = 0.66, 95%
CI [0.08-3.11]) and LTC group (odds ratio = 0.16, P = 0.16, 95% CI [0.003 -1.60]) compared to
the CON group at the univariable level.
2.4.7

Growth following enrollment
The mean ADG from enrollment to 56 d following enrollment was 0.82 ± 0.22 kg/d, with

the CON group having an ADG of 0.80 ± 0.18 kg/d, STC group having a mean ADG of 0.74 ±
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0.24 kg/d, and the LTC group having a mean ADG of 0.90 ± 0.19 kg/d. Body weight at
enrollment and treatment group were unconditionally associated with ADG and were included in
the mixed linear regression model. In the final model, it was found that body weight at
enrollment and treatment group were significant. Specifically, calves with a body weight of 49 to
51.7 kg at enrolment gained less than calves weighing 48.9 kg or less, whereas calves in the LTC
group gained 98 g/d more than the CON group (P = 0.04 CI [0.01-0.19]) (Table 3).
A repeated measure linear regression model was used to highlight differences in body
weight over the different time points body weight was collected. In the final model, it was found
that body weight at enrollment (P = 0.01), time point (P = 0.01), and an interaction between
treatment group and time (P = 0.01) were significant. A plot was generated to illustrate the
change in body weight using weight at enrollment as a covariate (Figure 6). The LTC group had
a significantly higher body weight at 42 d and 56 d, weighing 4.21 kg (P = 0.002) and 6.03 kg (P
< 0.001) more than the CON group, respectively. However, the STC group weighed 3.18 kg (P =
0.02) less than the CON group at 42 d.

2.5 Discussion
Diarrhea is the most common disease in young dairy calves. With its high prevalence,
this disease can have substantial economic consequences due to associated therapeutic costs and
long-term production repercussions (Abuelo et al., 2021). Additionally, the antimicrobials used
to treat diarrhea can trigger long-lasting effects that negatively impact calf immunity through the
modification of the indigenous GIT microbiota (Helander and Fändriks, 2014; Oultram et al.,
2015; Zhang et al., 2019). In this study, we found that using spray dried natural bovine colostrum
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replacer as a therapy for diarrhea in preweaned calves could be beneficial as it reduced the time
to resolution of an abnormal fecal score and improved growth after a bout of diarrhea.
A calf’s gut is sterile in utero, as their protective environment in utero inhibits the
opportunity to develop an adaptive immune system; therefore, it is vital that they are supplied
with immunoglobulins to ensure overall health and survival before closure of the gut (Chase et
al., 2008; Godden et al., 2019). Although immunoglobulins are most effective during the first
day of life, supplementation further into the preweaning period can still provide benefits in the
GIT by binding to pathogens in the intestinal mucosal membrane, thus, reducing their intrusion
capabilities (Hilpert et al., 1987; Rump et al., 1992). The supplementation of antibodies has been
observed to reduce diarrhea symptoms in calves demonstrating their direct association with
disease resolution (Besser et al., 1987; Kuroki et al., 1997; Parreño et al., 2010). In addition to
immunoglobulins, colostrum is rich in several other components with antimicrobial properties,
including lactoferrin, lactoperoxidase and lysozymes (Pakkanen and Aalto, 1997). These
bioactives are able to inhibit microbial growth, reduce binding capacity of pathogens, and
facilitate cell lysis of intruding bacteria (Batish et al., 1988; Pakkanen and Aalto, 1997).
Moreover, several hormones and growth factors in colostrum, such as insulin and insulin like
growth factors, are involved in epithelial cell growth and repair, thus, improving gut health
(Pakkanen and Aalto, 1997; Steinhoff-Wagner et al., 2011). These components demonstrate that
colostrum has protective characteristics and development enhancing capabilities on the GIT
(Shen et al., 2015; Pyo et al., 2020). Colostrum also contains casein and α-lactalbumin, peptides
with the ability to improve tissue repair and the GIT mucosal integrity, as well as reduce gut
inflammation (Matsumoto et al., 2001; Stelwagen et al., 2009; Playford and Weiser, 2021).
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Furthermore, the concentrations of oligosaccharides and specific fatty acids are vast compared to
milk and boast immune regulating and prophylactic capabilities that may improve GIT health,
systemic inflammation, and oxidative status (Fischer-Tlustos et al., 2020; Opgenorth et al.,
2020a; b). Altogether, the immune enhancing and reparation abilities of colostrum may have
played a role in reducing the time to resolution of diarrhea leading to improved welfare and
growth of the calves in this study.
Bovine colostrum has been evaluated as a therapeutic for diarrhea in several studies
across many different species. It has been determined that the severity and duration of acute
diarrhea in children can be reduced with colostrum therapy (Davidson et al., 1989; Rathe et al.,
2014; Barakat et al., 2020). Similarly, bovine colostrum has been found to reduce diarrhea
incidence and the growth of diarrhea causing pathogens in piglets (Sugiharto et al., 2015).
Despite these studies, no studies have been conducted using bovine colostrum or colostrum
replacer as a therapy for diarrhea in preweaned calves, although certain antimicrobial alternatives
have been explored. Specifically, a study evaluating the benefits of a mixed species probiotic
bolus at the onset of diarrhea found that it resolved diarrhea 0.8 d faster compared to a control
(Renaud et al., 2019). In addition, a study evaluating the time to resolution of diarrhea using
Greek oregano essential oil found resolution to be l.32 d faster than the control (Katsoulos et al.,
2017). In comparison, we found that the LTC group had faster resolution of diarrhea with a mean
difference in resolution of 1.36 d between the LTC and CON group. Comparing these studies
highlights that colostrum has potential benefits as a therapy for diarrhea in preweaned calves.
Beyond differences in time to resolution, the LTC treatment also had a positive effect on
growth over the 56 d following enrollment, with a significantly higher body weight at 42 d and
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56 d. Calves who develop diarrhea in the preweaning period have been shown to have a reduced
ADG (Donovan et al., 1998; Anderson et al., 2003; Abuelo et al., 2021) due to damage the
intestinal epithelium resulting in reduced digestion and absorption capabilities in the GIT
(Nydam and Mohammed, 2005). In addition, there are longer term impacts to calves, with lower
levels of growth leading to calves being bred later and having reduced production and economic
value (Ettema and Santos, 2004). Therefore, the addition of spray dried natural colostrum
replacer at the onset of diarrhea in preweaned calves has the potential to reduce the resulting
production gap of a diseased calf. Colostrum’s ability to reduce the time to resolution of
diarrhea, paired with its intestinal regenerative and growth characteristics, present an attractive
combination of attributes to stimulate increased growth when used as a treatment in young
calves. Similar trends have been observed with respect to growth in previous studies which used
colostrum as a prophylactic supplement following birth (Berge et al., 2009a; Kargar et al., 2020).
It is important to note that studies evaluating alternative therapeutics for diarrhea showed no
evidence of improved growth between their treatments (Katsoulos et al., 2017; Renaud et al.,
2019), highlighting the potential additional benefit of colostrum supplementation during a bout
of diarrhea.
Although antimicrobial treatments and the level of mortality were numerically lower in
the LTC group, no significant differences were identified compared to the CON group. Reliance
on treatment protocols and decision making by on-farm personnel using a more liberal
therapeutic approach may have posed an issue, although it is possible that with a higher power, a
difference in antimicrobial treatments between treatment groups may have been detected. A
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larger sample size of animals may have offset the limitations posed by lack of protocol
adherence, thus, enhancing the differences between treatment groups and antimicrobial usage.
There are some limitations to consider when interpreting the results of this study. First,
similar to other studies providing colostrum as a prophylactic or therapy after the first day of life,
the colostrum replacer and milk replacer were not isocaloric and isonitrogenous (Berge et al.,
2009a; Chamorro et al., 2017; Kargar et al., 2020; Cantor et al., 2021). In this study, the calves
who were fed milk replacer and the calves who were fed colostrum replacer received different
nutrient and energy intakes. Although the differences between the milk and colostrum replacer
energy compositions are small, the formulations are not completely comparable to one another
(Table 1). Several nutrients and bioactives in colostrum have been found to have positive
impacts on immunity and gut health (Carter et al., 2021), therefore, it is unclear whether specific
bioactives in or the macronutrient composition of colostrum resulted in faster resolution of
diarrhea. An additional limitation is that in comparison to antimicrobial treatments, the use of
this treatment strategy could be initially costly and may not yet be practical for producers at the
dose of colostrum replacer used. The optimal dose, duration, and timing for this therapy is still
unknown, therefore, future research should further explore these variables to enhance
effectiveness of this treatment. By improving practicality and economic considerations while
upholding the efficacy of the therapy, bovine colostrum could become a favoured therapeutic for
diarrhea in preweaned calves.

2.6 Conclusion
Supplementation of eight feedings over 4 d of 2.5 L of a mixture of milk replacer at 65
g/L and bovine colostrum replacer at 65 g/L compared to eight feedings over 4 d of 2.5 L of milk
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replacer at a concentration of 130 g/L was determined to resolve diarrhea sooner and improve
growth levels in young dairy calves. This may provide life-long benefits for calves diagnosed
with diarrhea in the preweaning period. Due to the preliminary nature of this research, future
studies are necessary to determine the most practical and effective dose and duration of the
therapy.
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Table 2.1. As-fed macronutrient composition of milk replacer and bovine colostrum replacer fed
to calves enrolled into one of three treatments: Control (CON) (n = 35): eight feedings over 4 d
of 2.5L of milk replacer at a concentration of 130g/L, Short term colostrum supplementation
(STC) (n = 35): four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L
and colostrum replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at a
concentration of 130 g/L, or Long term colostrum supplementation (LTC) (n = 38): eight
feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65
g/L.
Component

Milk

Colostrum

Mixture

Replacer

Replacer

(MR and CR)

(MR)

(CR)

Moisture (%)

3

5.8

4.4

Crude Protein (%)

26

56.9

41.5

IgG (%)

-

26

13

Fat (%)

20

14.5

17.3

Lactose (%)1

44

11

27.5

Metabolizable
Energy (Mcal/kg)2

4.71

4.66

4.70

1

Lactose was calculated with the following equation: Lactose = 100 – Crude Protein – Fat – Ash
(Quigley, 2007).
2

Metabolizable energy (ME) was calculated using the following equation: Gross energy
(Mcal/kg) = 0.057 × Crude protein% + 0.092 × Fat% + 0.0395 × Lactose%
ME (Mcal/kg) = Gross energy × 0.97 × 0.96 (Quigley, 2007).
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Table 2.2. Results of Cox proportional hazard model evaluating predictors of days to resolution
of diarrhea in young calves receiving Control (CON) (n = 35): eight feedings over 4 d of 2.5L of
milk replacer at a concentration of 130g/L, Short term colostrum supplementation (STC) (n =
35): four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L and
colostrum replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at a
concentration of 130 g/L, or Long term colostrum supplementation (LTC) (n = 38): eight
feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65
g/L.
Variable
Group
Hazard Standard
Confidence P-value
Ratio
Error
interval
(95%)
Treatment
CON
Referent
group
STC
1.51
0.44
0.85-2.65
0.16

Fecal Score at
Enrollment1

Bodyweight at
enrollment
(kg)

LTC

2.29

0.65

1.31-4.01

0.004

Two fecal scores of
2

Referent

One fecal score of 3

0.44

0.103

0.28-0.70

< 0.001

< 48.9

Referent

49 to 51.7

1.24

0.42

0.64-2.39

0.52

51.8 to 55.8

1.28

0.41

0.68-2.41

0.45

> 55.9

2.37

0.79

1.23-4.56

0.01

0.83

0.28

0.44-1.59

0.06

4 to 5

1.99

0.72

0.98-4.04

0.001

>5

2.92

0.93

1.56-5.45

< 0.001

> 2 pathogen types

Referent

2 pathogen types

1.51

0.38

0.92-2.47

0.10

0 or 1 pathogen
type

3.30

1.19

1.62-6.68

0.001

Days to
<3
Enrollment
after arrival (d) 3 to 4

Pathogen type

Referent
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1

Diarrhea was scored on a four-point scale; 0 (normal consistency), 1 (semi-formed or
pasty), 2 (runny, spreads easily), or 3 (liquid, devoid of solid material) (Larson et al., 1977;
Renaud et al., 2020).
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Table 2.3. Results of a mixed linear regression model evaluating predictors affecting growth for
56 d following enrollment of young calves receiving Control (CON) (n = 35): eight feedings
over 4 d of 2.5 L of milk replacer at a concentration of 130g/L, Short term colostrum
supplementation (STC) (n = 35): four feedings over the first 2 d of 2.5 L of a mixture of milk
replacer at 65 g/L and colostrum replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of
milk replacer at a concentration of 130 g/L, or Long term colostrum supplementation (LTC) (n =
38): eight feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum
replacer at 65 g/L.
Variable

Group

Coefficient Standard
(kg/d)
Error

Treatment
group

CON

Referent

STC

-0.48

LTC

0.98

< 48.9

Referent

49 to 51.7

Bodyweight
at enrollment
(kg)

Confidence
interval
(95%)

P-value

0.05

-0.15 – 0.53

0.35

0.05

0.01 – 0.19

0.04

-0.13

0.06

-0.26 – -0.19

0.02

51.8 to 55.8

-0.17

0.06

-0.13 – 0.09

0.76

> 55.9

0.02

0.06

-0.09 – 0.14

0.71
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Figure 2.1. Causal diagram displaying the explanatory variables and the outcome.
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Figure 2.2. Flow diagram displaying timeline of data collection for a randomized clinical trial
design to evaluate the efficacy of colostrum replacer as a therapy for diarrhea (CONSORT,
2010).
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Figure 2.3. Predicted proportion of milk refusals from a repeated measure logistic regression
model for the first eight feedings following enrollment of 108 grain-fed veal calves less than 28
days of age at enrollment, randomly allocated to one of three treatment groups at the onset of
diarrhea: Control (CON) (n = 35): eight feedings over 4 d of 2.5L of milk replacer at a
concentration of 130g/L, Short term colostrum supplementation (STC) (n = 35): four feedings
over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65 g/L
followed by four feeding over 2 d of 2.5 L of milk replacer at a concentration of 130 g/L, or
Long term colostrum supplementation (LTC) (n = 38): eight feedings over 4 d of 2.5 L of a
mixture of milk replacer at 65 g/L and colostrum replacer at 65 g/L.
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Figure 2.4. Kaplan-Meier survival curve investigating days to resolution of diarrhea in
individually housed male Holstein calves randomly allocated to one of three treatment groups:
Control (CON) (n = 35): eight feedings over 4 d of 2.5L of milk replacer at a concentration of
130g/L, Short term colostrum supplementation (STC) (n = 35): four feedings over the first 2 d of
2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65 g/L followed by four
feeding over 2 d of 2.5 L of milk replacer at a concentration of 130 g/L, or Long term colostrum
supplementation (LTC) (n = 38): eight feedings over 4 d of 2.5 L of a mixture of milk replacer at
65 g/L and colostrum replacer at 65 g/L. Fecal scores were recorded twice daily with resolution
defined as two consecutive fecal scores of 0 or 1.

90

100
75
50
0

25

Proportion of Treated Calves (%)

100
75
50
25

Proportion of Treated Calves (%)

0

0

2

4

0

6

5

15

CON
LTC

STC

25

50

75

100

STC

0

c)

Proportion of Deceased Calves (%)

CON
LTC

10

Days After Enrollment

Days After Enrollment

0

1

2

3

4

5

Days After Enrollment
CON
LTC

STC

Figure 2.5. Kaplan-Meier failure curve investigating, a) treatment of diarrhea with
antimicrobials, b) treatment of respiratory disease with antimicrobials, and c) mortality after
enrollment of individually housed male Holstein calves randomly allocated to one of three
treatment groups at the onset of diarrhea: Control (CON) (n = 35): eight feedings over 4 d of
2.5L of milk replacer at a concentration of 130g/L, Short term colostrum supplementation (STC)
(n = 35): four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L and
colostrum replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at a
concentration of 130 g/L, or Long term colostrum supplementation (LTC) (n = 38): eight
feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65
g/L.
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Figure 2.6. Predicted weight from a repeated measures linear regression evaluating individually
housed male Holstein calves randomly allocated to one of three treatment groups at the onset of
diarrhea: Control (CON) (n = 35): eight feedings over 4 d of 2.5L of milk replacer at a
concentration of 130g/L, Short term colostrum supplementation (STC) (n = 35): four feedings
over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65 g/L
followed by four feeding over 2 d of 2.5 L of milk replacer at a concentration of 130 g/L, or
Long term colostrum supplementation (LTC) (n = 38): eight feedings over 4 d of 2.5 L of a
mixture of milk replacer at 65 g/L and colostrum replacer at 65 g/L. Significance was detected
where calves in the LTC group weighed more at 42 and 56 d after enrollment compared to CON,
whereas calves in the STC group weighed less on 56 d compared to CON.
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3 Chapter Three: Evaluating Changes in the Gastrointestinal
Microbiota When Colostrum is Used as a Therapy for Diarrhea
in Preweaned Calves
3.1 Abstract
The primary cause of morbidity, mortality, and antimicrobial usage in preweaned calves
is gastrointestinal disease, specifically diarrhea, which has been linked to dysbiosis of the gut
microbiota. The objective of this study was to identify how using colostrum as a therapy for
diarrhea in preweaning calves affects the gut microbial communities. Of the 108 calves enrolled
based on a fecal score of 2 or greater on a scale of 0-3, fecal samples were collected from 76
calves. Within the randomly allocated treatments, 24 calves were assigned to the control group
(CON): eight feedings over 4 d of 2.5 L of milk replacer at a concentration of 130 g/L (26%
crude protein and 20% fat), 22 calves were assigned to short term colostrum supplementation
(STC): four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L and bovine
colostrum replacer at 65 g/L (26% immunoglobulin G and 14.5% fat) followed by four feedings
over 2 d of 2.5 L of milk replacer at a concentration of 130 g/L, and 30 calves received long term
colostrum supplementation (LTC): eight feedings over 4 d of 2.5 L of a mixture of milk replacer
at 65 g/L and bovine colostrum replacer at 65 g/L. The fecal microbiota from d 0 and 4 samples
were analyzed by sequencing the V4 region of the 16s ribosomal RNA gene. At the phylum
level, Firmicutes and Actinobacteria accounted for > 82% of fecal microbiota. Several
differences were observed in the relative abundance at the phylum, class, order, family, and
genus level across treatment groups on 4 d and within treatment groups on d 0 and 4. At the
phylum level, Bacteroidetes, which are associated with gut health, were increased in the LTC
group compared to STC and CON treatments on d 4. Several genera known to be associated with
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severe diarrhea in calves such as Dorea (LTC d0 versus LTC d4), Eggerthella (LTC d4 versus
CON d4 and STC d4), and Fournirella LTC D4 versus STC d4) were also higher in the LTC
group on d 4 suggesting the fecal microbiota was not restored to its symbiotic state by the fourth
day after enrollment. Further research is required to fully characterize the succession and impact
on the gut microbiota when using colostrum as a therapy for diarrhea in preweaned calves.

3.2 Introduction
The development of the gastrointestinal tract (GIT) microbiota in a calf has a strong
influence on immune function and long-term health (Malmuthuge and Guan, 2017). Initially,
Firmicutes, Proteobacteria, Actinobacteria and Bacteroidetes (phyla) have been identified in the
microbiome of newborn calves, however, there is a rapid shift to where only Firmicutes and Bacteroidetes
are detected by 24 hours of age. On the seventh day of life, 167 genera, including
Corynebacterium, Streptococcus, Clostridium, Lactobacillus, Pepto streptococcus and Bifidobacterium
are identified in the calf’s intestinal microbiota, several of which have been identified to have probiotic
properties (Fonty et al., 1987; Abe et al., 1995; Malmuthuge et al., 2019). This rapid shift of the
microbiota and increased microbial diversity suggests that the initial environmental and nutritional
changes during and following parturition significantly affects the calf’s microbiota (Klein-Jöbstl et al.,
2019; Amin and Seifert, 2021). The establishment of a diverse microbiota is crucial for optimal
development and immune function within the GIT (Hooper et al., 2012; Malmuthuge and Guan, 2017).

Gastrointestinal disease, specifically diarrhea, accounts for 56% of morbidity and 32% of
mortality in dairy calves (Urie et al., 2018). In addition to welfare and health concerns, diarrhea
causing pathogens can result in a dysbiosis of the gut microbiome (Constable, 2004; Bartels et
al., 2010; Oikonomou et al., 2013). A shift in the microbiome can be a subclinical indicator of
diarrhea (Abe et al., 1995; Oikonomou et al., 2013; Gomez et al., 2022). Furthermore, diarrhea in
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calves has been related to a shift from obligated to facultative anaerobes (Trefz et al., 2015;
Gomez et al., 2022). Additionally, a reduced fecal microbial diversity and a higher abundance of
opportunistic pathogenic bacteria such as Enteropathogenic E. Coli and Salmonella have been
reported in diseased calves (Abe et al., 1995). It is important to note that three-quarters of calves
with diarrhea are treated with antimicrobial drugs which may also play a role in microbial
imbalances (Oultram et al., 2015; Uyama et al., 2021). Antimicrobial therapy targets specific
pathogens, however, similar indigenous GIT microbiota may also be affected (Helander and
Fändriks, 2014; Zhang et al., 2019). Furthermore, the microbial communities in the gut of a
preweaned calf are dynamic and susceptible to alterations, therefore, the utilization of
antimicrobial drugs during this period may have chronic effects (Amin and Seifert, 2021; Uyama
et al., 2021). The modification and potential deterioration of the gut microbiota may lead to longterm health and longevity consequences including epithelial permeability, enteric infection,
systemic disease and autoimmune disorders (Tulstrup et al., 2015; Becattini et al., 2016). Due to
the resulting negative impact on the gut microbiome when using antimicrobials, as well as the
emerging concerns related to antimicrobial reliance and resistance, there has been an incentive to
identify alternatives to antimicrobial drugs for the treatment of diarrhea in calves.
Bovine colostrum may have the potential to be used as a therapy for diarrhea in
preweaned calves (Carter et al., unpublished). Colostrum has high concentrations of nutrients
and bioactive molecules that can enhance calf health and immunity, and have been shown to
reduce the time to resolution of diarrhea and improve growth rates (Carter et al., 2021). Feeding
colostrum during the first hours of life provides passive immunity through immunoglobulin
absorption which is vital to a calf’s survival (Cho et al., 2013), however, colostrum components
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also benefit gut health and immunity after the first day of life (Carter et al., 2021). Colostrum
feeding at birth promotes microbial colonization and increases the abundance of specific
commensal bacteria such as Bifidobacteria and Lactobacillus that confer benefits to the
physiology of the calf’s gut. (Malmuthuge et al., 2015a; Fischer et al., 2018). These findings
suggest that there may be a relationship between the gut microbial populations and a reduced
time to resolution of calves fed colostrum at the onset of diarrhea. The objective of this study
was to investigate the effect of colostrum as a treatment for diarrhea on the gastrointestinal
bacterial microbiota community in dairy calves. We hypothesized that the reduction in duration
of diarrhea by using colostrum therapy in preweaned calves is associated with an increase in
bacterial diversity of the gastrointestinal tract and changes in the relative abundance of bacteria
associated with health and diarrhea.

3.3 Materials and Methods
This randomized control trial was conducted in southwestern Ontario from June 7th to
July 19th, 2021, at a commercial calf-raising facility. This facility was selected based on its
ability to conduct this trial and its proximity to the University of Guelph. All laboratory work
was conducted at the University of Guelph. The study was approved by the University of Guelph
Animal Care Committee (AUP:4551).
3.3.1

Experimental design
This study was completed using a subset of calves from a larger trial which explains the

experimental design in detail (Carter et al., unpublished). Calves were sourced from auction
houses, drovers, and producers and brought to the participating facility at approximately 3 to 7 d
of age. Housing, feeding, treatment and enrollment protocols are described in Carter et al.
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(unpublished). Health exams and enrollment were completed twice daily by two blinded
observers. Calves were scored for fecal consistency on a four-point scale (0 = normal (firm but
not hard), 1 = soft (does not hold form, piles but spreads slightly), 2 = runny (spreads readily),
and 3 = watery (liquid consistency, splatters) (Larson et al., 1977; Renaud et al., 2020) and
enrolled based on two consecutive fecal scores of 2 or one fecal score of 3. Once enrolled, calves
were randomly assigned to one of three treatments according to the RAND command in
Microsoft excel (Version 16.21.1, Microsoft Corp., Redmond, WA): 1) Control (CON; n = 35):
eight feedings over 4 d of 2.5 L of milk replacer at a concentration of 130 g/L, 2) Short term
colostrum supplementation (STC; n = 35): four feedings over the first 2 d of 2.5 L of a mixture
of milk replacer at 65 g/L and bovine colostrum replacer (Saskatoon Colostrum Company Ltd.,
Saskatoon, SK, Canada) at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at
a concentration of 130 g/L, or 3) Long term colostrum supplementation (LTC; n = 38): eight
feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and bovine colostrum replacer
at 65 g/L. Fecal samples were collected on day 0 and 4 via rectal palpation into a sterile
specimen collection container (Starplex™ Scientific, Toronto, ON, Canada) and stored at -20°C
until processing.
3.3.2

Sample processing
Fecal samples from d 0 and 4 were removed from the freezer and thawed at 4°C for 48 h.

Samples were removed from the fridge and once at room temperature, fecal DNA was extracted
using the QAIgen Qiaamp mini stool kits (QAIgen, Germantown, MD, USA) as per the
manufacturer’s protocol. Library preparation and sequencing were done similarly to Gomez et al.
(2022). Briefly, a fragment of the 16s rRNA spanning the V4 region was amplified by RT-PCR
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using forward and reverse primers 515-F (5'-GTGCCAGCMGCCGCGGTAA) and 806-R (5'GGACTACHVHHHTWTCTAAT) primers. The samples were amplified in a 25 µl reaction
comprised of 12.5 µl of KAPA 2G Fast HotStart ReadyMix 2X (KapaBiosystems,
MilliporeSigma, ON, Ca), 9.0 µl of molecular-grade water, 2.5 µl template DNA, and 0.5 µl
each of both the forward and reverse primers (10.0µM). The PCR reaction conditions were 1
cycle of 94°C for 10 min and 27 cycles of 94°C for 45 s, 53°C for 60 s, and 72°C for 90 s, which
was followed by a final period of 72°C for 10 min. The PCR products were then purified using
the Mag Bind RXNPure Plus Beads according to the manufacturer’s instructions. The library
pool was then sequenced on an Illumina MiSeq for 250 cycles from each end completed at the
Agriculture and Food laboratory at the University of Guelph (Guelph, ON, Canada).
3.3.3

Bioinformatic and statistical analysis
Data were imported into Stata 17 (StataCorp LP, College Station, TX) where descriptive

statistics were generated on all explanatory variables. A Kruskal-Wallis test was used to describe
non-normal continuous variables and a χ2 test was used for categorical variables. A Cox
proportional hazards model was built to investigate the time to resolution of an abnormal fecal
consistency score. Additionally, a mixed linear regression model was generated to evaluate the
effect of treatment on growth. Mothur software (1.46.1) was used to conduct the bioinformatic
analysis (Schloss et al., 2009) following a previously published protocol (Edgar et al., 2011;
Quast et al., 2013). The Ribosomal Database Project classifier was used to identify and ensure
quality control of the sequences which were then grouped into phylotypes (Wang et al., 2007;
Kozich et al., 2013). Subsampling was done at random to normalize the sequence representation.
A Good’s coverage index for each sample was calculated to assess subsampling (Good, 1953).
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Beta diversity of the fecal microbiota of calves before and after treatment was evaluated by
calculating the Yue & Clayton and the Jaccard indices to identify community structure and
membership, respectively (Jaccard, 1908; Yue and Clayton, 2005). Alpha diversity of the fecal
microbiota was evaluated using the Chao-1 (richness), Shannon’s evenness (evenness), and
inverse Simpson (diversity) indices. Normality of the data was assessed using the Shapiro-Wilk
test. All data were non-normal; therefore, values were compared using the non-parametric
Wilcoxon’s test for each pair. Differences in bacterial structure and membership between
treatment groups were analyzed by generating Principal Coordinates Analysis (PCoA) plots
based on the Yue & Clayton and Jaccard indices, respectively. Differences between groups were
analyzed through the analysis of Molecular Variance (AMOVA). Using the non-parametric
Wilcoxon’s test for multiple comparisons and the non-parametric Wilcoxon’s text for each pair,
the relative abundance of the principal taxa at the phylum, class, order, family, and genus levels
were calculated and compared. A Linear discriminant analysis effect size (LEfSe) analysis was
completed to determine bacterial taxa enriched in the fecal microbiota of each group based on a
P < 0.05 and LDA score > 3.5 (Segata et al., 2011).

3.4 Results
Of the 108 calves available, 76 were used in this study due to collection error or calf
mortality resulting in the inability to collect samples at both 0 and 4 d time points. Of the
remaining 76 calves, 24 were in the CON group, 22 were in the STC group and 30 were in the
LTC group. No differences in the source of the calf (P = 0.95), serum immunoglobulin G (IgG)
concentration (P = 0.32), body weight at arrival (P = 0.27), the severity of diarrhea (P = 0.64),
day since facility arrival (P = 0.68), or pathogen type and load (P = 0.28) were detected between
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treatment groups. The median time to resolution of diarrhea was 3 d (range = 0.5-7), 2.5 d (range
= 0.5-11), and 3 d (range = 0.5-10) in the LTC, STC and CON treatment groups, respectively.
However, a Cox proportional hazards model was generated to determine that calves in the LTC
group resolved their diarrhea 2 times (95% CI = 1.04-3.86) faster than the calves in the CON
group (P = 0.037). Furthermore, the mean average daily gain (ADG) from enrollment to 56 d
after enrollment was 0.91 kg/d ± 0.19 kg/d (mean ± SD), 0.72 kg/d ± 0.25 kg/d, and 0.81 kg/d ±
0.15 kg/d in the LTC, STC and CON groups, respectively. A mixed linear regression model was
used to determine that calves in the LTC group gained 24 g/d (95% CI = 0.01- 0.46) more than
the CON group (P = 0.04)
3.4.1

Microbiota sequence analysis
The total number of raw sequences was 29,987,481. Following curating and filtering,

there were 18,857,792 sequences available to analyze (median sequences per sample: 175,102;
range: 28,923-307,595). A random subsample of 28,000 sequences was obtained for each sample
to adjust for uneven sampling depth. Coverage was considered to be adequate based on a Good’s
coverage index value of 99.9%. In total, 23 phyla, 52 classes, 99 orders, 206 families, and 551
genera were discovered in all fecal samples.
3.4.2

Alpha and beta diversity of fecal microbiome
There were no differences concerning richness, evenness, or diversity between CON, STC and

LTC treatment groups or between d 0 and 4 of the LTC, STC and CON groups (P > 0.10, for all
comparisons) (Figure 1). There was no visible clustering of samples and no other differences were found
in community membership (Jaccard index) or structure (Yue & Clayton index) between groups (Figure
2).
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3.4.3

LEfSe and relative abundance analysis
There were no discriminatory features identified when completing the LEfSe analysis. Of

the 23 phyla identified in the samples, > 82% of sequences were accounted for by Firmicutes and
Actinobacteria (Figure 3). Proteobacteria and Bacteroidetes were also observed in LTC, STC
and CON calves on 0 d and 4 d representing less than 1% of total sequences. The relative
abundance of Bacteroidetes was higher on the fourth day in the LTC group compared to the STC
(P = 0.03) and the CON (P = 0.04) groups (Figure 4).
Of the 52 classes, 22 accounted for > 0.1% of overall sequences, similar to orders where
31 out of 99 orders represented > 0.1% of overall sequences, and also families where 59 out of
206 families accounted for > 0.1% of overall sequences. Table 2 outlines all the differentially
abundant bacteria at the phylum, class, order, and family level between and within treatment
groups on 0 and 4 d.
Within the 551 genera identified, 172 were present with a relative abundance of 0.05% or
greater. The most abundant genera found in the CON, STC and LTC groups on 0 and 4 d are
illustrated below (Figure 5) (Table 3). Differences were found between CON and LTC
treatments on 4 d concerning an increase in Eggerthella (P = 0.01) and Faecalicoccus (P = 0.02)
in the LTC calves. An increase in Eggerthella (P = 0.02), Fournierella (P = 0.01), and
Collinsella (P = 0.03), and a decrease in Limosilactobacillus (P = 0.01) was detected on d 4 in
the LTC treatment compared to the STC treatment. Differences within treatment groups were
also detected such as increases in Dorea (P = 0.02) and a decrease in Bacteroidaceae (P = 0.08)
in the LTC group on d 4 compared to d 0. (Figure 6).
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3.4.4

Antimicrobial therapy
A total of 31 (41%) calves were treated with antimicrobials with 11 (46%) in the CON group, 10

(45%) in the STC group and 10 (33%) in the LTC group. No differences were detected across treatments
(P = 0.36). Firmicutes, Actinobacteria, and Proteobacteria accounted for 82% of the sequences at the
phylum level in calves who were not treated with antimicrobials, whereas Firmicutes, Actinobacteria and
Proteobacteria accounted for 79% of the sequences in the calves that were administered antimicrobials
(Figure 7). On the fourth day after enrollment, calves who did not receive antimicrobial therapy in the
LTC group had a higher relative abundance of Bacteroidetes compared to calves that did not receive
antimicrobial therapy in the STC and CON groups. Several differences were identified when comparing
the relative abundance of genera between and within treatments. Bacteroidaceae, Subdogranulum,

Clostridials, Dorea and Eggerthella among others had shown differences between LTC, STC
and CON calves who did not receive antimicrobials on 0 and 4 d (Figure 8) (Table 4).

3.5 Discussion
The diversity of the host’s gut microbial communities can be compromised when an
influx of diarrhea causing pathogens enter the GIT, and when antimicrobial drugs are used to
treat the disease (Abe et al., 1995; Oultram et al., 2015). Conversely, colostrum facilitates the
colonization of the gastrointestinal tract by indigenous bacteria, can limit the negative impact of
pathogens in the GIT, and reduce the duration and severity of diarrhea in preweaning calves
(Malmuthuge et al., 2015a; Carter et al., unpublished). This study showed that the calves in the
LTC group had a significantly faster resolution of diarrhea compared to the CON group. No
changes in bacterial membership or structure were identified, however differences in the relative
abundance of certain bacterial groups of calves in the LTC, STC and CON groups suggest that
colostrum may be associated with alteration of the calf’s fecal microbiota following a bout of
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diarrhea. A correlation was expected between a faster resolution and an increased diversity in the
calf’s microbiota due to the consumption of colostrum, but it was not observed in this study. It is
then possible that other immune components within colostrum may have led to a reduction in the
duration and severity of diarrhea. Although the immune components of the colostrum are mainly
beneficial during the first day of life, IgG can bind to pathogens in the GIT after the closure of
the gut. Once pathogens are bound, they will be unable to invade the intestinal epithelial
membrane, thus, reducing their capabilities (Ulfman et al., 2018). In addition to an ample supply
of immunoglobulins, colostrum contains several other antimicrobial components such as
lactoperoxidase, lactoferrin, and lysosomes (Pakkanen and Aalto, 1997). These bioactives exhibit
multiple antimicrobial properties such as pathogen binding, cell lysis, inhibition of microbial
growth and metabolism as well as anti-inflammatory capabilities (Batish et al., 1988; Pakkanen
and Aalto, 1997). Several hormones, growth factors and peptides have also demonstrated guthealing properties such as insulin-like growth factors (IGF I and IGF II), casein and αlactalbumin which are associated with enterocyte development and repair as well as antiinflammatory properties (Pakkanen and Aalto, 1997; Steinhoff-Wagner et al., 2011; Playford and
Weiser, 2021). The rich concentrations of bioactives and hormones paired with the high nutrient
levels such as oligosaccharides and fatty acids, which amplify the host’s immune regulating,
prophylactic, and therapeutic capabilities, boast several benefits related to gut health, tissue
reparation and defense against pathogens (Fischer-Tlustos et al., 2020; Opgenorth et al., 2020a;
Pyo et al., 2020). This diverse and abundant combination of components may be related to
colostrum’s ability to reduce the severity of disease and optimize growth during the preweaning
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period through the elimination of pathogens and restoration of damage in the GIT caused by
pathogenic diarrhea.
The rich microbiota in the calf’s gut can be difficult to characterize as it is continuously
changing during the first weeks of life (Malmuthuge, 2016; Amin and Seifert, 2021), however, it
is dominated by a small number of phyla including Firmicutes, Bacteroidetes, Proteobacteria,
Fusobacteria, and Actinobacteria (Oikonomou et al., 2013). Similarly, the findings in this study
observed a fecal microbiota at the phylum level being mainly comprised of Firmicutes,
Actinobacteria, and Proteobacteria. Proteobacteria has been associated with diarrhea, gut
inflammation and dysbiosis (Devkota et al., 2012; Maharshak et al., 2013; Singh et al., 2015).
Moreover, a reduced level of Bacteroidetes has been associated with severe diarrhea and poor
GIT health which aligns with the findings of our study (Seksik et al., 2003; Chung The and Le,
2022), while Bacteroidetes have been identified as the second most abundant bacteria at the
phylum level in healthy Holstein calves (Oikonomou et al., 2013). The increased abundance of
Bacteroidetes in the LTC group on d 4 compared to the STC and CON groups suggest that there
may be an association between an increased abundance of Bacteroidetes and a reduced duration
and severity of diarrhea in preweaned calves.
From a genus-level perspective, Bifidobacterium was depleted when compared to related
studies (Oikonomou et al., 2013), however, decreased Bifidobacterium levels have been
observed in humans and calves diagnosed with diarrhea (Seksik et al., 2003; Gomez et al., 2017,
2022). Eggerthella (LTC d4 versus CON d4 and STC d4), Dorea (LTC d0 versus LTC d4) and
Faecalicoccus (LTC D4 versus STC d4) are all associated with severe diarrhea, and GIT
permeability and were found to be highest in the LTC group on d 4 (Petersson et al., 2010;
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Uyeno et al., 2015; Forbes et al., 2018). A study exploring the differences of the GIT microflora
in healthy and diarrheic calves observed similar results in diseased calves (Gomez et al., 2017).
It is hypothesized that the lack of variation and increased relative abundance of specific
taxa within the fecal microbiota of calves treated with colostrum therapy may be related to the
time and method of sample collection. Samples were collected at 0 d and 4 d after enrollment;
however, more differences may have been detected with a larger time difference between the
first and second samples to account for any calves that had not fully resolved their diarrhea by 4
d. Considering microbial communities differ across the GIT, and between tissue and digesta,
fecal samples would have been more indicative of the microbiome in the colon digesta, and not
the small intestine where the majority of inflammation and pathogen proliferation occurs during
calf diarrhea (Constable, 2004; Foster and Smith, 2009; Zhu et al., 2011; Malmuthuge et al.,
2014, 2015b; Yasuda et al., 2015). There are several additional limitations to consider when
interpreting the results of this study. First, antimicrobials were commonly used in this study
which likely influenced the results as antimicrobial use has been related to dysbiosis of the GIT
microbiota (Oultram et al., 2015; van Vleck Pereira et al., 2016). Reducing the use of
antimicrobials throughout the study period may have been advantageous with regard to
microbiota colonization, however, any calf that was unable to stand or refused a full feeding was
treated with an antimicrobial drug to prevent the development of bacteremia and sepsis
(Constable, 2004). Another limitation is that the interpretation of the results of this study is
limited by age of the calf being an unknown variable. The microbial communities of the gut are
highly variable in young calves (Amin and Seifert, 2021), therefore the lack of knowledge
regarding the exact age of the calves created difficulty when comparing to results of other
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studies. The majority of samples, however, were likely taken after the first week of life, at which
point the stability of the gut is increased (Amin and Seifert, 2021). Additionally, body weight at
facility arrival was recorded to offset the unknown age of the calves as it is a direct indicator of
age where older calves are likely to have a greater weight upon arrival (Rot et al., 2022).

3.6 Conclusion
Although no differences were found concerning alpha diversity and beta diversity, the
differences in relative abundance across and within treatments suggest that feeding colostrum at
the onset of diarrhea may be linked to a shift in the gut microbiota. Additional research is
warranted to further understand the long-term effects of colostrum as a treatment for diarrhea in
preweaning calves on the gut microbiota and to understand the biological mechanisms involved
in the reduced duration and severity of disease. By evaluating multiple sampling techniques
across a wider timespan, a more comprehensive understanding of the microbiome may be
acquired. A greater expanse of knowledge surrounding the effects of colostrum on a calf’s
microbiome may be an integral step in developing an effective therapy for diarrhea in preweaned
calves.
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Table 3.1. Richness (Chao-1), diversity (Inverse Simpson), and evenness (Shannon Evenness)
descriptive statistics (Median and ranges) of fecal microbiota from samples taken on 0 and 4 d
after enrollment from Control calves (CON) (n = 35): eight feedings over 4 d of 2.5 L of milk
replacer at a concentration of 130g/L, Short term colostrum supplementation (STC) (n = 35):
four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum
replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at a concentration
of 130 g/L, or Long term colostrum supplementation (LTC) (n = 38): eight feedings over 4 d of
2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65 g/L. No significant
differences were found (P = > 0.1).
Index

CON 0

CON 4

STC 0

STC 4

LTC 0

LTC 4

Richness
(Chao-1)

90.88

83.25

86.58

88.3

86.05

92.11

(58.25186.63)

(48.33150.05)

(42-132.14)

(59.75133.6)

(40-140.24)

(52.8-162)

Diversity

4.05

4.01

3.92

4.66

3.50

4.93

(Inverse
Simpson)

(1.53-9.64)

(1.31-9.03)

(1.07-7.38)

(1.23-8.40)

(1.06-8.31)

(1.2310.11)

Evenness

0.43

0.44

0.44

0.45

0.44

0.47

(Shannon
index)

(0.21-0.62)

(0.18-0.59)

(0.06-0.54)

(0.14-0.58)

(0.05-0.59)

(0.13-0.62)
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Table 3.2. Relative abundance (median in percent and ranges) of all significantly different
bacterial taxa identified in the fecal microbiota from samples taken on 0 and 4 d after enrollment
from Control calves (CON) (n = 24): eight feedings over 4 d of 2.5 L of milk replacer at a
concentration of 130g/L, Short term colostrum supplementation (STC) (n = 22): four feedings
over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65 g/L
followed by four feeding over 2 d of 2.5 L of milk replacer at a concentration of 130 g/L, or
Long term colostrum supplementation (LTC) (n = 30): eight feedings over 4 d of 2.5 L of a
mixture of milk replacer at 65 g/L and colostrum replacer at 65 g/L.
Family

Lachnospiaceae

STC 0
10.42
(0.09-35.10)

STC 4
3.37
(0.09-39.25)

Class

Bacilli

LTC 0
49.43
(02.53-98.83)

LTC 4
32.44
(0.72-93.69)

Class

Unclass. Bacteroidetes

0.00
(0.00-0.65)

0.00
(0.00-0.17)

0.043

Order

Unclass. Bacteroidetes

0.00
(0.00-0.65)

0.00
(0.00-0.17)

0.043

Order

Lactobacillales

44.07
(2.52-98.83)

32.36
(0.43-93.69)

0.050

Family

Unclass. Bacteroidetes

0.00
(0.00-0.65)

0.00
(0.00-0.17)

0.043

Family

Peptoniphilaceae

0.00
(0.00-0.01)

0.00
(0.00-0.02)

0.014

Family

Prevotellaceae

0.02
(0.00-1.26)

0.23
(0.01-1.86)

0.001

Class

Unclass. Actinobacteria

CON 4
0.00
(0.00-0.10)

STC 4
0.00
(0.00-0.16)

Order

Unclass. Actinobacteria

0.00
(0.00-0.10)

0.00
(0.00-0.16)

0.037

Order

Flavobacteriales

0.00
(0.00-0.01)

0.00
(0.00-0.01)

0.026
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P – Value
0.048

0.034

0.037

Family

Unclass. Actinobacteria

0.00
(0.00-0.01)

0.00
(0.00-0.16)

Phylum

Bacteroidetes

Class

CON 4
0.15
(0.00-18.38)

LTC 4
0.42
(0.05-12.92)

Unclass. Bacteroidetes

0.00
(0.00-0.01)

0.00
(0.00-0.17)

0.008

Class

Bacteroidia

0.15
(0.00-18.38)

0.41
(0.05-12.91)

0.046

Order

Bacteroidales

0.15
(0.00-18.38)

0.41
(0.05-12.91)

0.046

Order

Unclass. Bacteroidetes

0.00
(0.00-0.01)

0.00
(0.00-0.17)

0.008

Order

Caulobacterales

0.00
(0.00-0.07)

0.00
(0.00-0.01)

0.029

Order

Eggerthellales

0.04
(0.00-4.37)

0.11
(0.00-4.52)

0.016

Family

Unclass. Bacillales

0.00
(0.00-0.22)

0.00
(0.00-0.01)

0.021

Family

Unclass. Bacteroidetes

0.00
(0.00-0.01)

0.00
(0.00-0.17)

0.008

Family

Eggerthellaceae

0.00
(0.04-4.37)

0.11
(0.00-4.52)

0.016

Bacteroidetes

STC 4
0.15
(0.01-8.72)

LTC 4
0.42
(0.05-12.92)
0.41
(0.05-12.91)

0.029

Bacteroidia

0.15
(0.01-8.72)
4.05
(0.22-43.31)

10.08
(1.84-40.39)

0.036

phylum
Class
Class

Clostridia
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0.037

0.043

0.030

Class

5.07
(0.07-41.29)

14.99
(0.37-53.38)

0.013

Coriobacteriia

0.00
(0.00-0.36)

0.01
(0.00-0.21)

0.033

Unclass. Fermicutes

0.03
(0.00-0.84)

0.043

Methanobacteria

0.00
(0.00-0.21)
0.15
(0.01-8.75)

0.41
(0.05-12.91)

0.029

10.08
(1.84-40.39)

0.036

Clostridiales

0.22
(4.04-43.31)
4.84
(0.06-41.06)

14.97
(0.19-48.86)

0.013

Coriobacteriales

0.00
(0.00-0.21)

0.033

Unclass. Firmicutes

0.00
(0.00-0.36)

0.03
(0.00-0.84)

0.043

Methanobacteriales

0.00
(0.00-0.21)
4.64
(0.05-40.97)

10.24
(0.18-48.85)

0.030

Coriobacteriaceae

0.03
(0.00-0.84)

0.043

Methanobacteriaceae

0.00
(0.00-0.21)

0.89
(0.05-33.63)

0.037

Erysipelatclostridiaceae

0.03
(0.00-6.90)
0.00
(0.00-0.36)

0.00
(0.00-0.21)

0.033

Unclass. Fermicutes

0.23
(0.01-1.86)

0.005

Prevotellaceae

0.03
(0.00-0.70)
0.00
(0.00-0.01)

0.00
(0.00-0.01)

0.027

Class
Class
Order
Bacteroidales
Order
Order
Order
Order
Family
Family
Family
Family
Family
Family

Pseoudomonadaceae
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Table 3.3. The Ten most abundant bacteria at the genus-level (median and ranges) from the fecal microbiota of samples taken on 0
and 4 d after enrollment from Control calves (CON) (n = 24): eight feedings over 4 d of 2.5 L of milk replacer at a concentration of
130g/L, Short term colostrum supplementation (STC) (n = 22): four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at
65 g/L and colostrum replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at a concentration of 130 g/L, or
Long term colostrum supplementation (LTC) (n = 30): eight feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and
colostrum replacer at 65 g/L.
CON 0

CON 4

Limosilactobacillus
12.37 (0.12-61.55)

Collinsella
7.16 (0.06-41.95)

Collinsella
9.21 (0.07-50.14)

STC 0

STC 4

LTC 0

LTC 4

Limosilactobacillus Limosilactobacillus Limosilactobacillus
14.35 (0.05-87.97) 13.00 (0.13-84.84) 11.71 (0.03-83.02)

Collinsella
10.24 (0.18-48.85)

Limosilactobacillus
5.06 (0.07-65.00)

Collinsella
10.17 (0.15-32.99)

Collinsella
4.64 (0.05-40.97)

Collinsella
7.86 (0.01-51.64)

Limosilactobacillus
2.89 (0.04-49.58)

Streptococcus
1.31 (0.16-47.67)

Streptococcus
1.58 (0.01-64.65)

Bifidobacterium
1.69 (0.02-36.14)

Bifidobacterium
2.55 (0.01-37.28)

Streptococcus
2.22 (0.05-8.78)

Streptococcus
3.69 (0.01-41.81)

Ligilactobacillus
1.12 (0.01-20.73)

Bifidobacterium
1.53 (0.02-47.13)

Unclass.
Lachnspiraceae
1.42 (0.02-11.40)

Streptococcus
1.37 (0.15-66.40)

Bifidobacterium
1.49 (0.02-48.74)

Bifidobacterium
2.11 (0.04-45.93)

Lactobacillus
0.95 (0.01-20.60)

Unclass.
Lachnspiraceae
1.68 (0.01-20.88)

Streptococcus
1.06 (0.03-34.45)

Lactobacillus
1.43 (0.01-14.85)

Unclass.
Lachnspiraceae
0.82 (0.00-30.38)

Ligilactobacillus
1.26 (0.03-20.80)

Bifidobacterium
0.94 (0.01-39.22)

Ligilactobacillus
0.87 (0.04-29.61)

Blautia
0.99 (0.01-21.07)

Ligilactobacillus
1.41 (0.04-14.75)

Ligilactobacillus
0.60 (0.01-17.77)

Lactobacillus
1.12 (0.00-30.30)
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Blautia
0.54 (0.00-38.00)

Lactobacillus
0.86 (0.01-32.75)

Ligilactobacillus
0.83 (0.01-39.14)

Enterococcus
0.59 (0.01-43.58)

Enterococcus
0.48 (0.01-24.22)

Dorea
0.82 (0.01-14.45)

Enterococcus
0.38 (0.01-25.49)

Dorea
0.41 (0.00-19.64)

Dorea
0.68 (0.01-26.68)

Unclass.
Lachnspiraceae
0.54 (0.01-29.86)

Dorea
0.37 (0.00-8.78)

Unclass.
Lachnspiraceae
0.71 (0.02-14.46)

Unclass.
Lachnspiraceae
0.34 (0.01-10.16)

Enterococcus
0.32 (0.01-28.94)

Lactobacillus
0.23 (0.05-12.28)

Dorea
0.41 (0.00-6.53)

Lactobacillus
0.25 (0.01-11.01)

Enterococcus
0.46 (0.02-30.47)

Dorea
0.24 (0.00-3.35)

Latilactobacillus
0.20 (0.00-61.37)

Enterococcus
0.22 (0.01-8.30)

Latilactobacillus
0.15 (0.00-89.85)

Latilactobacillus
0.16 (0.00-60.09)

Latilactobacillus
0.19 (0.00-84.57)
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Table 3.4. Relative abundance (median in percent and ranges) of all significantly different
bacterial taxa identified in the fecal microbiota of from samples taken on 0 and 4 d after
enrollment from calves that did not receive antimicrobial therapy during the trial of Control
calves (CON) (n = 24): eight feedings over 4 d of 2.5 L of milk replacer at a concentration of
130g/L, Short term colostrum supplementation (STC) (n = 22): four feedings over the first 2 d of
2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65 g/L followed by four
feeding over 2 d of 2.5 L of milk replacer at a concentration of 130 g/L, or Long term colostrum
supplementation (LTC) (n = 30): eight feedings over 4 d of 2.5 L of a mixture of milk replacer at
65 g/L and colostrum replacer at 65 g/L.
CON 0

CON 4

P – Value

Anaerostipes

0.27
(0.00-0.67)

0.00
(0.00-0.01)

0.015

Anaerotignum

0.06
(0.00-0.51)

0.01
(0.00-0.02)

0.001

Blautia

3.02
(0.02-30.56)

0.01
(0.01-7.15)

0.037

Fournierella

0.01
(0.00-0.21)

0.00
(0.00-0.15)

0.007

Fusobacterium

0.002
(0.00-0.01)

0.01
(0.00-0.15)

0.030

Parabacteroides

0.003
(0.00-0.01)

0.00
(0.00-0.10)

0.038

Ruminococcaceae_unclassified

0.14
(0.01-0.95)

0.03
(0.00-0.24)

0.044

Slackia

0.00
(0.00-0.01)

0.00
(0.00-0.15)

0.048

STC 0

STC 4

0.01
(0.00-0.26)

0.00
(0.00-0.18)

Fournierella
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0.024

Lactobacillales_unclassified

0.01
(0.01-0.46)

0.03
(0.00-0.46)

0.010

Parabacteroides

0.00
(0.00-0.28)

0.00
(0.00-0.08)

0.047

Subdoligranulum

0.11
(0.00-4.49)

0.00
(0.00-1.78)

0.001

LTC 0

LTC 4

Bacillales_unclassified

0.00
(0.00-0.12)

0.00
(0.00-0.00)

0.046

Bacteroidaceae_unclassified

0.00
(0.00-0.01)

0.00
(0.00-0.00)

0.005

Faecalimonas

0.00
(0.00-0.40)

0.00
(0.00-1.38)

0.041

CON 4

STC 4

Absicoccus

0.00
(0.00-0.10)

0.01
(0.00-0.50)

0.026

corynebacterium

0.02
(0.00-0.35)

0.13
(0.00-3.99)

0.027

faecalicoccus

0.04
(0.01-0.29)

0.17
(0.00-3.21)

0.027

Faecalimonas

0.00
(0.00-0.03)

0.00
(0.00-0.14)

0.034

Lactococcus

0.00
(0.00-0.02)

0.02
(0.00-0.24)

0.038

CON 4

LTC 4
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0.00
(0.00-0.00)

0.00
(0.00-0.00)

0.038

faecalicoccus

0.04
(0.01-0.29)

0.26
(0.01-6.37)

0.026

Faecalimonas

0.00
(0.00-0.03)

0.00
(0.00-1.38)

0.001

Fournierella

0.00
(0.00-0.15)

0.01
(0.00-0.08)

0.014

Parabacteroides

0.00
(0.00-0.10)

0.00
(0.00-1.24)

0.032

Trueperella

0.00
(0.00-0.05)

0.01
(0.00-0.43)

0.029

STC 4

LTC 4

0.02
(0.00-1.99)

0.00
(0.00-0.41)

0.027

Actinomyces

7.92
(0.18-48.85)

0.024

Collinsella

2.43
(0.05-26.52)

Bacteroidaceae_un
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Figure 3.1. Richness (Chao-1), diversity (Inverse Simpson), and evenness (Shannon Evenness)
descriptive statistics (Median and ranges) of fecal microbiota from samples taken on 0 and 4 d
after enrollment from Control calves (CON) (n = 24): eight feedings over 4 d of 2.5 L of milk
replacer at a concentration of 130g/L, Short term colostrum supplementation (STC) (n = 22):
four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum
replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at a concentration
of 130 g/L, or Long term colostrum supplementation (LTC) (n = 30): eight feedings over 4 d of
2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65 g/L. No significant
differences were found (P = > 0.1).
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Figure 3.2. PCoA scatterplots outlining distribution of fecal microbiota from samples taken on 0
and 4 d after enrollment from Control calves (CON) (n = 24): eight feedings over 4 d of 2.5 L of
milk replacer at a concentration of 130g/L, Short term colostrum supplementation (STC) (n =
22): four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L and
colostrum replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at a
concentration of 130 g/L, or Long term colostrum supplementation (LTC) (n = 30): eight
feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65
g/L. Coloured points indicate treatment groups and sampling times: CON 0 d (green), CON 4 d
(red), STC 0 d (purple), STC 4 d (yellow), LTC 0 d (blue) and LTC 4 d (orange). No significant
differences were found (P = > 0.1).
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Figure 3.3. Median relative abundance of phyla accounting for >1% of total sequences in fecal
microbiota from samples taken on 0 and 4 d after enrollment from Control calves (CON) (n =
24): eight feedings over 4 d of 2.5 L of milk replacer at a concentration of 130g/L, Short term
colostrum supplementation (STC) (n = 22): four feedings over the first 2 d of 2.5 L of a mixture
of milk replacer at 65 g/L and colostrum replacer at 65 g/L followed by four feeding over 2 d of
2.5 L of milk replacer at a concentration of 130 g/L, or Long term colostrum supplementation
(LTC) (n = 30): eight feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and
colostrum replacer at 65 g/L.
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Figure 3.4. Significantly different bacteria at the phylum-level in fecal microbiota from samples
taken on 0 and 4 d after enrollment from Control calves (CON) (n = 24): eight feedings over 4 d
of 2.5 L of milk replacer at a concentration of 130g/L, Short term colostrum supplementation
(STC) (n = 22): four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L
and colostrum replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at a
concentration of 130 g/L, or Long term colostrum supplementation (LTC) (n = 30): eight
feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65
g/L.
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Figure 3.5. Median relative abundance of the main bacterial genera (>1% of total sequences) in
fecal microbiota from samples taken on 0 and 4 d after enrollment from Control calves (CON) (n
= 24): eight feedings over 4 d of 2.5 L of milk replacer at a concentration of 130g/L, Short term
colostrum supplementation (STC) (n = 22): four feedings over the first 2 d of 2.5 L of a mixture
of milk replacer at 65 g/L and colostrum replacer at 65 g/L followed by four feeding over 2 d of
2.5 L of milk replacer at a concentration of 130 g/L, or Long term colostrum supplementation
(LTC) (n = 3-): eight feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and
colostrum replacer at 65 g/L.
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Figure 3.6. Significantly different bacteria at the genus-level in fecal microbiota from samples
taken on 0 and 4 d after enrollment from Control calves (CON) (n = 24): eight feedings over 4 d
of 2.5 L of milk replacer at a concentration of 130g/L, Short term colostrum supplementation
(STC) (n = 22): four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L
and colostrum replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at a
concentration of 130 g/L, or Long term colostrum supplementation (LTC) (n = 30): eight
feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65
g/L.
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Figure 3.7. Median relative abundance of phyla accounting for >1% of total sequences in fecal
microbiota from samples taken on 0 and 4 d after enrollment from calves that did not receive
antimicrobial therapy during the trial from Control calves (CON) (n = 24): eight feedings over 4
d of 2.5 L of milk replacer at a concentration of 130g/L, Short term colostrum supplementation
(STC) (n = 22): four feedings over the first 2 d of 2.5 L of a mixture of milk replacer at 65 g/L
and colostrum replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of milk replacer at a
concentration of 130 g/L, or Long term colostrum supplementation (LTC) (n = 30): eight
feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum replacer at 65
g/L.
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Figure 3.8. Median relative abundance of the main bacterial genera (>1% of total sequences) in
fecal microbiota from samples taken on 0 and 4 d after enrollment from calves that did not
receive antimicrobial therapy during the trial from Control calves (CON) (n = 24): eight feedings
over 4 d of 2.5 L of milk replacer at a concentration of 130g/L, Short term colostrum
supplementation (STC) (n = 22): four feedings over the first 2 d of 2.5 L of a mixture of milk
replacer at 65 g/L and colostrum replacer at 65 g/L followed by four feeding over 2 d of 2.5 L of
milk replacer at a concentration of 130 g/L, or Long term colostrum supplementation (LTC) (n =
30): eight feedings over 4 d of 2.5 L of a mixture of milk replacer at 65 g/L and colostrum
replacer at 65 g/L.
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4 Chapter Four: General Discussion and Future Directions
4.1 General discussion and study limitations
High levels of calf morbidity and mortality in the preweaning period are attributed to
gastrointestinal diseases, specifically diarrhea. The multifactorial nature of this disease, paired
with its ability to spread rapidly can make it difficult to control within a herd and can be
economically devastating to a producer (De La Fuente et al., 1998; Constable, 2004; Bartels et
al., 2010). Additionally, exposure to a bout of diarrhea can result in reduced immunity, health,
and welfare of the calf (Cho and Yoon, 2014). Antimicrobial therapy is the primary method used
to prevent and treat diarrhea in preweaned calves (Uyama et al., 2021). Although this is initially
the most cost-effective solution, it can lead to several consequences including the threat of
antimicrobial resistance as well as dysbiosis of the host’s gastrointestinal microbial communities
(Helander and Fändriks, 2014). To mitigate these effects, this thesis has explored colostrum as a
potential therapy for diarrhea in preweaned calves. The abundant concentrations of bioactives
and nutrients in colostrum have been identified as beneficial in preventing and treating diseases,
including diarrhea in several species (Rathe et al., 2014; Sugiharto et al., 2015; Barakat et al.,
2020), however, evidence that colostrum may be a supportive therapy for diarrhea in preweaned
calves is limited. The objectives of this thesis were to determine the effects of using colostrum as
a therapy for diarrhea in preweaned calves by evaluating the duration and severity of the
diarrheal bout, growth during the preweaning period, and changes to the fecal microbiota across
treatments.
A randomized clinical trial was conducted during the summer of 2021 to identify the
efficacy of feeding colostrum as an alternative to milk replacer as a therapy for diarrhea in
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preweaning calves over eight feedings, four feedings and a control of zero feedings. Several
significant differences were observed between the LTC and CON groups. Calves in the LTC
group resolved their diarrhea 1.36 d faster and had gained 98 g/d more than calves in the CON
group. There was no statistical relationship with regards to refusals, mortality, or antimicrobial
usage across treatment groups. Certain limitations were considered when interpreting the results
of this study. The exact age of the calves at enrollment was unknown. This may have been a
helpful explanatory variable when evaluating the difference in growth and resolution between
treatments as diarrhea is most contracted by 2 weeks of age (Cho et al., 2013). Considering
calves arrived at approximately 3 to 7 days of age, weight at arrival and enrollment, and days to
enrollment since facility arrival was recorded, the lack of knowledge regarding exact age was not
reflected when comparing differences between calves. It is important to note that research
observing the effects of colostrum as a therapy for disease is minimal, consequently, there is not
a standard protocol with respect to dose and duration of treatment. Although this study found
significant results in the LTC group compared to the CON group, it is still unclear what the
optimal feeding rate and frequency should be when using colostrum as a therapy for diarrhea to
optimize practicality and profitability for producers.
The second objective of this thesis was to evaluate the effect on the microbial communities
in the calf’s GIT when feeding colostrum as a therapy for diarrhea. The development of gut
microbiome in young calves is a dynamic process, which can be altered by several variables
including nutrition, health and management practices (Malmuthuge et al., 2015a; Amin and
Seifert, 2021). As such, it was hypothesized that the microbial communities would shift with the
treatment of colostrum, however, this was not the case. No significant differences were found
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with respect to the alpha diversity of the microbiome which is dissimilar to other findings related
to this research (Oikonomou et al., 2013; Gomez et al., 2017). On the contrary, several
differences were observed in the relative abundance between the time points of 0 and 4 d and
well as between treatment groups on 4 d. Additionally, the dominating microbiota in this study
align with the aforementioned studies above with Firmicutes being the most abundant followed
by Actinobacteria and Proteobacteria with respect to the phyla-level (Oikonomou et al., 2013;
Gomez et al., 2017). Although the majority of the calf resolved their diarrhea by 4 d, it is
speculated that more significant differences would have been observed if there was a longer
period of time between the first and second fecal sample taken to account for any calves that did
not resolve fully by the fourth day. Additionally, the method of sampling may not have given
conclusive results with respect to the microbial communities in the small intestine. Fecal samples
are representative of the colon microbiome (Yasuda et al., 2015), however, microbial
communities fluctuate across the GIT (Zhu et al., 2011; Malmuthuge et al., 2015b). A sample
indicative of the small intestine microbiome would have required more invasive techniques
which was outside the realm of this clinical trial.

4.2 Future directions
The dairy industry is currently being faced with two opportunities; consumers are
becoming more interested in where their food comes from, while antimicrobial resistance is
becoming more of a threat to animal and human health (Organization, 2001). As such, exploring
alternative disease therapies is necessary. Using colostrum as a therapy for diarrhea in young
calves has shown positive preliminary results, however, there are still questions related to several
variables including the optimal dose of colostrum, duration of treatment and timing of
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application that must be explored to enhance the effectiveness of the therapy. Furthermore, there
are many components within colostrum that have exemplified beneficial characteristics related to
gut health and immunity, (Carter et al., 2021), however it is unknown which specific or
combination of macronutrients are responsible for reducing the time to resolution of diarrhea.
Identifying and isolating the nutrients and bioactives involved will aid in better understanding
the biological mechanisms related to the resolution of diarrhea. Exploring the underlying
processes and determining the most effective dose duration and timing of this therapy will
improve its practicality and economic viability, therefore, increasing its acceptance as a therapy
for diarrhea in preweaned calves.

4.3 Conclusion
The supplementation of a 2.5 L mixture of colostrum at a concentration of 65 g/L and milk
replacer at a concentration of 65 g/L for eight feeding over four days was determined to reduce
the severity and duration of diarrhea and improve growth levels in preweaned calves.
Colostrum’s potential as a therapy for diarrhea may lead to life-long advantages for calves
diagnosed with diarrhea in the preweaning period. This therapy did not show significant
differences with respect to alpha diversity or overall relative abundance; therefore, future
research must be done to further understand the biological mechanisms of this treatment, and to
determine the most effective dose and duration to optimize profitability and practicality within
the dairy industry.
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