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This review aimed to gather information about the biological Received 20 December 2020
effects of bovine colostrum (BC) supplementation for improving Accepted 15 February 2021
the respiratory health in humans and the potential role
of bioactive molecules from BC as adjunctive therapy for SARS-
CoV-2 infection (Coronavirus Disease 2019 - COVID-19). Several
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studies have shown that BC supplementation is effective against immunomodulation;
infections and respiratory allergies, as well as in attenuating respiratory infection; SARS-
immunosuppression caused by intense exercise in high- Cov-2

performance athletes. The major immune system modulation
proteins present in BC are immunoglobulins, lactoferrin and
transforming growth factor-f (TGF-f). Studies have revealed that
lactoferrin is effective in combating SARS-CoV-2. Hyperimmune
colostrum may constitute an alternative way to produce specific
antibodies against COVID-19. Based on the immune system
boosting ability as well as anti-inflammatory, antioxidant and
antiviral/antibacterial activities, we suggest that well designed,
randomized, placebo-controlled, multicenter clinical trials should
be done to verify the safety and effectiveness of BC supplements
against SARS-CoV-2 infection.
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1. Introduction

Bovine colostrum (BC) is the first secretion of the mammary glands during the first 2-4
days postpartum (Godhia & Patel, 2013). It is rich in many bioactive nutrients and
immunological substances, which are required to nourish the newborn and help in the
infant’s growth and development (Marnila & Korhonen, 2011). With the exception of
lactose amount, colostrum has higher levels of nutrients than the mature milk (Abd El
-Fattah et al.,, 2012). The immunoglobulins present in colostrum lay the foundation of
life-long immunity in the newborn. Colostrum’s bioactive ingredients help the matu-
ration of the gastrointestinal tract, prevent infections, promote differentiation of bone
marrow stem cells, increase lean muscle mass and decrease body fat in the newborn
(Bagwe et al., 2015).

Due to the high levels of immunomodulatory nutrients present in BC (Buttar et al.,
2017), several investigators have demonstrated beneficial effects of BC consumption in
improving the respiratory health of humans (Figure 1). The results found so far have
been promising in controlling allergies and fighting respiratory infections in adults
and children (Ramesh Menon et al., 2010; Ulfman et al., 2018). BC compounds seem
to benefit athletes, who are more susceptible to upper respiratory tract infections after
intense physical training and competitions, especially in endurance exercises. Although
the mechanisms for this condition are not yet fully understood, supplementation with
colostrum has shown positive effects in treating these infections (Gléwka et al., 2020;
Jones et al., 2016).

The immunomodulatory function of BC seems to be associated with its chemical com-
position which is rich in proteins and biologically active peptides such as immunoglobu-
lins, lactoferrin and transforming growth factor-p (TGF-P) (Godhia & Patel, 2013;
Korhonen, 2013; Perdijk et al., 2018; Ulfman et al., 2018). Given this bioactive profile,
it is possible that colostrum may also assist in treating patients affected by the severe
acute respiratory syndrome caused by the coronavirus (SARS-CoV-2), which is
causing the current Coronavirus Disease 2019 pandemic (COVID-19). Infection with
this virus is related to a great heterogeneity of clinical manifestations ranging from
asymptomatic, mild cases (fever, cough, dyspnea, fatigue, myalgia and headache, lym-
phopenia) to Severe Acute Respiratory Syndrome (SARS) (pneumonia, difficulty breath-
ing, respiratory distress, cardiac, neurological and renal damage), and may culminate in
multiple organ failure. Studies show that the main cause of worsening cases is Cytokine
Release Syndrome, which consists of a large amount of pro-inflammatory cytokines and
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Figure 1. Bovine Colostrum (BC) composition includes bioactive molecules such as lactoferrin, immu-
noglobulins and transforming growth factor-p (TGF-B), which have been related to protective effects
against respiratory diseases. Those health benefits might be extended over SARS-CoV-2 infection and
Covid-19 clinical presentation. Created with Biorender.com.

chemokines released into the circulation in the acute phase, causing systemic effects due
to over activation of the immune system (Conti et al. (2020), which can be fatal (Tay et al.
(2020). Due to its proven immunomodulatory effects, BC presents itself as a possible
strategy to be studied and then inserted in the clinical management of COVID-19 as
an economically viable natural therapeutic adjuvant with (possibly) fewer side effects
than other immunomodulators.

Therefore, this critical review will address studies which have investigated, in the last
20 years, the implications of BC supplementation on the health of the human respiratory
system and related diseases. Furthermore, the main components of colostrum involved in
modulating the immune system and which may be mediators of potential therapeutic
effects in respiratory diseases will be discussed. The possible contributions of BC to clini-
cal management of COVID-19 will also be addressed herein based on the current clinical
findings on the subject.

2. The main immunomodulating components of milk and bovine
colostrum

According to van Neerven et al. (2012) and Sozanska (2019) the consumption of bovine
milk in childhood may be one of the factors responsible for the lower incidence of aller-
gies, upper tract infections and asthma in children. The authors report this effect appears
to be even greater in children born on farms, who consume raw milk, leading them to
speculate that this protective effect may be related to milk components that are sensitive
to heat, as in the case of proteins.
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Although not yet fully elucidated, studies have shown that there is a relationship
between the immune responses triggered in the intestine and the respiratory system
immunity (Maijo et al., 2012a; Maijé et al., 2012b; Perdijk et al., 2018). Transforming
growth factor-p (TGF-P), lactoferrin and immunoglobulins are components in cow
milk which are related to several immune protection reactions, as well as to maintaining
the functioning of the epithelial barrier, consisting of one of the main innate immunity
mechanisms (Perdijk et al., 2018; van Neerven, 2014).

It is noteworthy that the concentration of these nutrients in colostrum is much higher
than in bovine milk, making colostrum an excellent food source for immunomodulatory
substances (McGrath et al., 2016). Considering that colostrum has a low coagulation
temperature and cannot be heated to temperatures above 65 °C, the thermal treatment
to be applied in colostrum must be “low temperature, long time pasteurization” (vat pas-
teurization). In this context, less losses of bioactive substances such as immunoglobulin G
(IgG) and TGF-P occur in this temperature range (Das & Seth, 2017). Thus, heat-treated
BC would be more nutritious and safer than raw bovine milk. However, more studies
need to be carried out to verify the impact and efficiency of heat treatment on BC
quality parameters and bioactive composition.

2.1. Transforming growth factor-f (TGF-B)

The transforming growth factor beta (TGF-) is a cytokine produced by different types of
cells regulating various cellular functions such as suppression of immune response, cell
proliferation and oncogenesis (Thara et al., 2017). It has an immunomodulatory and anti-
inflammatory function, also acting on the intestinal epithelial barrier (Kelly et al., 2017;
van Neerven, 2014). In addition to the epithelium, TGF-p can modulate the immune cells
and the luminal microbiota functions in the intestine, thus contributing to maintaining
intestinal homeostasis (Thara et al., 2017).

TGEF-p participates in regulating innate immunity and can induce or suppress adap-
tive immune responses (Kelly et al., 2017; Travis & Sheppard, 2014). This protein can
control or inhibit airway inflammation and the hyper-reactivity caused by effector T
helper 2 cells, which play an important regulatory role in asthma development
(Hansen et al., 2000). Evidence was gathered that this protein acts in developing and
maintaining the immune response in children, protecting them from allergies and
inflammation (Oddy & Mcmahon, 2011; Oddy & Rosales, 2010).

2.2. Lactoferrin

Lactoferrin is a glycoprotein quite abundant in milk, and its levels are even higher in
colostrum. This protein has the ability to bind to iron and interact with pathogens,
being the first line of defense in the body’s mucous membranes. Among other functions,
it has antibacterial, antiviral, antifungal, antiparasitic and anti-inflammatory capacities
and it is involved in modulating innate and adaptive immunity (Korhonen, 2013;
Siqueiros-Cendén et al., 2014). Thus, the scientific community is increasingly interested
in the benefits of its use as dietary supplement due to its multifunctionality (Dzik et al.,
2018).
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The antiviral activity of BC consists mainly on inhibiting the viruses from binding to
the host cells, inhibiting viral replication and improving immune functions, while the
antibacterial activity is associated with deprivation of iron, which is essential for bacterial
growth (Serrano et al., 2020; Wakabayashi et al., 2014). Furthermore, animal studies have
shown protection and maintenance of intestinal integrity during endotoxemia. Lactofer-
rin can also mediate tissue pathophysiology, attenuating the pathological damage in eli-
cited airway inflammation due to allergens and pulmonary damage during tuberculosis.
According to Kruzel et al.,, by limiting the pathology and tissue damage postinfection,
lactoferrin could be considered in therapeutic protocols aiming to reduce community
transmission (Kruzel et al., 2017).

2.3. Immunoglobulins

Immunoglobulins in bovine milk also play an active role in modulating the human
immune system, especially IgG. They remain intact and functionally active when
passing through the gastrointestinal tract, binding directly to viruses, pathogenic bacteria
or food and respiratory allergens in the human body. Thus, IgG influences the function of
the epithelial barrier and increase elimination of pathogens (Ulfman et al., 2018; van
Neerven, 2014).

There are differences between the immunoglobulin levels in human and bovine colos-
trum. Imunoglobulin A (IgA) is predominant in human colostrum, while it is less pre-
dominant in BC. IgG represents about 75% of all immunoglobulins in the latter, as
shown in Table 1. However, it is speculated that bovine immunoglobulins, mainly
IgG, could be used to overcome the deficiency of IgA in children fed with milk formulas
(lacking immunoglobulins) due to their immunomodulatory effect. Studies are needed to
evaluate this hypothesis (Ulfman et al., 2018).

3. Bovine colostrum application in asthma and respiratory allergies

Studies have shown that breastfeeding can be a protective factor against developing res-
piratory diseases in childhood, such as asthma (Mosconi et al., 2010; Ulfman et al., 2018).
Bovine milk consumption has also been associated with reduced allergies in children,
especially when consumed raw. Sozanska speculates that intact milk proteins play impor-
tant role in allergies’ protection, since heating denatures them (Sozanska, 2019). Consid-
ering that BC has higher amounts of protein when compared to milk (van Neerven,

Table 1. Comparison of immunoglobulins’ levels in human and bovine colostrum and milk.
Concentration (g/L)

Species Ig Colostrum Milk
Human 19G 0.43 0.04
IgA 17.35 1.00
IgM 1.59 0.10
Bovine 19G, 46.40 0.58
19G; 2.87 0.06
IgA 5.86 0.08
IgM 6.77 0.09

Adapted from Wheeler et al., (2007). Ig: Immunoglobulin.
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2014), this feature could also make BC efficient in protecting against allergies if submitted
to proper processing.

The protective capacity of BC against allergies may also be related to its composition
being rich in proline-rich polypeptide (PRP). PRP regulates the thymus and inhibits
overproduction of lymphocytes and T cells, mitigating the symptoms of allergies and
autoimmune diseases (Bagwe et al., 2015). However, few studies have investigated the
effectiveness of colostrum intake in symptoms moderation in respiratory allergies in
humans, especially in asthma and allergic rhinitis.

A randomized, double-blind study with 38 children, aged 7-18 years, who had bron-
chial asthma and allergic rhinitis, showed that BC supplementation for three months was
significantly effective in reducing nasal symptoms and improving lung function. In this
clinical trial there was no difference regarding asthma control and severity (Wong, 2016).
However, another study showed that BC supplementation significantly improved nasal
symptoms and lung function in monosensitized children, while asthma control and
severity scores were significantly better in polysensitized children (Oloroso-Chavez
et al., 2017).

4. Bovine colostrum protects upper respiratory tract against infections

Upper respiratory tract infections (URTIs) are infections which affect the mouth, nose,
throat, larynx and trachea, provoking nasorafingitis (common cold), sinusitis, pharyngi-
tis, laryngitis and laryngotracheitis (Grief, 2013). The positive effects of oral BC sup-
plementation against URTIs are evident for both children and adults. Studies
investigating this association show that BC was able to reduce the incidence of URTI
and decrease the duration of self-reported symptoms, as shown in Table 2. However,
the mechanisms for such effects are not fully elucidated (Brinkworth & Buckley, 2003;
Jones et al., 2013; Patel & Rana, 2006; Saad et al., 2016).

The effects of colostrum in the diet have been tested in laboratory animals against
Human Syncytial Virus (HRSV), which is one of the most common causes of respiratory
infection in children (Xu et al., 2015). Previous studies show that immune system cells,
called CD8 T, are inhibited in HRSV infections, which hinders the fight against infection
(Rossey et al., 2014). In a study with mice, Xu et al. (2015) demonstrated that colostrum
was effective in inhibiting HRSV, in improving the infection symptoms caused by the
virus and in increasing the response of CD8 T cells. In view of these results, studies
are needed to investigate the effects of BC in humans affected by HRSV (Xu et al., 2015).

In humans, a cohort study showed that BC supplementation was effective in signifi-
cantly reducing URTT and diarrhea episodes, as well as the number of hospitalizations
due to URTT and diarrhea in children aged 1-6 years. It is worth mentioning that this
study consisted of 160 children with a recurrent history of URTI and diarrhea, who
received from 3.0 g (up to 2 years old) to 6.0 g (over 2 years old) of supplement for 4
weeks (Saad et al., 2016).

A commercial supplement containing BC (Sinerga™) was evaluated in another
cohort study (Nigro et al., 2014). The supplement proved to be efficient in reducing
the number of respiratory infections episodes that required intervention with antibiotics
in children. Nonetheless, as SinergaTM contains other substances in its composition, the
beneficial effects observed cannot be directly attributed to colostrum. These results,
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however, suggest that BC regular consumption could improve the respiratory health in
children, weakening the severity of airway infections.

In a non-comparative study, other BC-based supplement (Pedimune®) was shown to
be effective in reducing the number of upper respiratory tract infection, diarrhea and
hospitalization episodes for URTI and diarrhea in children aged 1-8 years. The study
included 605 children who received 3.0 g of the supplement for 12 weeks. In addition
to improving general well-being, 91.19% and 86.60% of the patients had a reduction in
URTT and diarrhea episodes at the end of the therapy, respectively (Patel & Rana, 2006).

Considering that recurrent respiratory tract infections may be linked to immuno-
globulin A (IgA) deficiency, Patiroglu and Kondolot investigated whether BC sup-
plementation would increase salivary IgA in patients with serum IgA deficiency
(Patiroglu & Kondolot, 2013). In this clinical trial, sixteen children received 42 mg
of Igazym® per day, a commercial supplement of BC and egg white (as source of
the antimicrobial enzyme lysozyme). Although the severity score of the URTI viral
infection was significantly lower in the test group, there was no correlation with sali-
vary IgA levels, showing that the immunomodulatory function of colostrum in the
respiratory system may be driven by another mechanism (Patiroglu & Kondolot,
2013). Studies with a larger sample size need to be carried out to confirm these
findings.

A clinical trial with healthy adult men showed that 60 g/day of concentrated BC
protein powder supplementation compared to 60 g/day of whey protein powder signifi-
cantly decreased the incidence of URTISs, although there was no statistical difference in
the duration of self-reported symptoms between groups (Brinkworth & Buckley,
2003). A similar result was described by Jones et al. (2013), in which they observed
that daily supplementation with 20 g of BC for 12 weeks reduced the number of URTI
episodes, as well as the duration of symptoms. The fact that the study by Jones et al.
(2013) observed a reduction in the duration of symptoms in contrast to the study by
Brinkworth and Buckley (2003) may be due to the type of supplement used in the
placebo group, which in the latter was a bovine milk derivative, while in the former
study it was an isoenergetic/isomacronutrient. Whey protein is known to have several
bioactive peptides, which could be responsible to positive effects on the parameters
studied.

Systematic reviews and meta-analyzes concluded that supplementation with bovine
colostrum can reduce the incidence rate and the days of upper respiratory symptoms
in athletes and physically active people. However, they emphasize that many articles
are biased and there is a gap in scientific knowledge about what mechanisms are involved
in this improvement. Therefore, they recommend that new randomized control clinical
trials should be carried out to determine the mechanisms of action and a consensus on
the best supplementation strategy (Glowka et al., 2020; Jones et al., 2016).

Altogether, the evidence summarized herein points to the adjuvant potential of BC in
mitigating lower respiratory tract infections in healthy children and adult men, as well as
in rats infected with HRSV. Studies investigating the effects of colostrum on respiratory
tract infections, especially in the older adult population and in adult women are needed
in order to evaluate the therapeutic potential of BC supplementation in individuals of
both genders and of all ages.
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5. Bovine colostrum ameliorates symptoms and prevents respiratory
infections caused by influenza viruses

Influenza is an acute viral infectious respiratory disease. The genera of influenza viruses
which affect humans are type A and B, but type C and D viruses are also known. Their
symptoms can range from a mild infection in the upper respiratory tract, fever, sore
throat, runny nose, coughing, headache, muscle pain and fatigue, to a scenario of
severe pneumonia which can be aggravated by a secondary bacterial infection. Trans-
mission occurs from person to person, mainly through droplets and aerosols of the res-
piratory secretions of infected individuals (Krammer et al., 2018).

Studies highlight the intake of BC as highly effective in preventing infection by the
influenza virus. Cesarone et al. (2007) compared the effect of the vaccine in preventing
influenza infection with the daily intake of 400 mg of lyophilized defatted BC. To do
so, 144 healthy adults aged 30-80 were divided into four groups (no prophylaxis;
vaccine and colostrum; only colostrum; only vaccine against the influenza virus). The
groups of participants who received either colostrum alone or colostrum plus vaccine
had significantly less flu episodes and fewer days with the disease symptoms than
groups with no colostrum supplementation. Moreover, in the same study, the authors
observed that end-stage coronary patients, patients with pulmonary hypertension and
patients with severe cardiovascular problems registered fewer flu episodes and fewer hos-
pital admissions when supplemented with colostrum or colostrum and vaccine compared
to the group which only received vaccine. These results suggest that the use of colostrum
can be combined with the annual influenza vaccine in specific patient groups (Cesarone
et al., 2007).

Some studies have investigated the mechanisms by which colostrum works to fight
infections by the influenza virus. Uchida et al. (2012) showed that supplementation
with 2000ug/g of skim BC by body weight in mice was effective in increasing the activity
of Natural Killer (NK) cells in Peyer’s plaque cells, splenocytes and lung cells, indicating
that administration oral BC activates systemic and local immunity and protects mice
against infection by the influenza virus.

Similar outcomes were reported by Wong et al. (2014), when mice infected with the
influenza A (HIN1) virus and supplemented with 1 g/kg of BC by body weight developed
a milder infectious condition, with less reduction in body weight and increased NK cell
activity. It is worthy to mention that there was an increase in IgA in the small intestine
and lung of mice supplemented with colostrum in this study (Wong et al., 2014).

Studies suggest that the bioactive function of colostrum is due to its protein compo-
sition. Xu et al. (2013) investigated whether supplementation with the isolated acidic
protein fraction of BC is effective in combating infection by the Influenza A virus
(HINTI) in mice. The result was that 100% of the animals supplemented with colostrum
protein survived, whereas survival in the group supplemented with phosphate buffered
saline (PBS) was only 33% after infection with HIN1. The group treated with BC also
had a lower reduction in body weight when compared to the control, and these results
were similar to those achieved by animals treated with the Oseltamivir antiviral drug
(Xu et al., 2013).

Colostrum from cows immunized with virus or bacteria strains and which contains
antibodies specific to these pathogens in its composition is called “hyperimmune
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colostrum”. Its use has been studied as a more effective therapeutic possibility against
influenza than common colostrum due to the passive transfer of specific antibodies. In
fact, a study with mice showed that colostrum from cows vaccinated with the
influenza A virus proved to be highly effective in preventing and fighting viral infection
(Ng et al., 2010). Human studies investigating the effects of hyperimmune bovine colos-
trum are needed to elucidate if the findings with animal models are translated to humans
regarding the impact of hyperimmune BC on influenza virus infection prevention. Con-
sidering that regular bovine colostrum (non-hyperimmune) already yielded important
results against influenza viral infections in humans, it is likely that hyperimmune BC
may also be useful in this type of health condition.

Therefore, according to the findings summarized herein, orally administered bovine
colostrum may be effective in preventing and treating patients affected by influenza
and, in some cases, showing to be equally successful in comparison to standard-of-
care interventions.

6. Bovine colostrum and its benefits to athletes’ respiratory system

Athletes submitted to long duration exercises regularly, which require a lot of effort, such
as cyclists, runners, swimmers and triathletes, have an increased risk of respiratory tract
infections. This is due to the fact that strenuous and prolonged exercises, mainly associ-
ated with overtraining (insufficient body recovery), can cause mild immunosuppression,
resulting in an increased risk of infections (Davison, 2013; Williams et al., 2018).

Respiratory infection can compromise physical performance which can be a serious
problem, especially for elite and professional athletes. These athletes inevitably need to
undergo regular training in order to achieve good performance in competitions, which
makes necessary the adoption of strategies to attenuate the side-effects of excess of exer-
cise on immunity (Davison, 2013; Williams et al., 2018).

BC has been studied as a therapeutic option to increase athletes’ immunity (Gleeson &
Pyne, 2016). Several studies have investigated the effects of BC intake on the respiratory
system and immune markers in different types of sports, as shown in Table 3. In fact, oral
BC intake appears to improve innate immunity in athletes. Davison and Diment (2010)
observed that 20 g of BC supplementation for 4 weeks in active men promoted faster
recovery of the innate immune system after prolonged exercise by accelerating the recov-
ery of neutrophilic function and attenuating decreased salivary lysozyme. In another
study, colostrum supplementation increased the sensitivity of the immune response to
a new antigen in the post-exercise period, although it did not identify effects on the
total or differential leukocyte count (Jones et al., 2019). It was also seen that there was
less salivary bacterial load in active adult men supplemented with colostrum and fewer
episodes of upper respiratory tract infection (Jones et al., 2014). These results corroborate
the hypothesis that colostrum can attenuate the immunosuppression caused by pro-
longed exercise.

Crooks et al. observed that supplementation with a drink containing BC for 12 weeks
significantly increased salivary IgA levels in long-distance runners, making this a possible
mechanism for improving the immune system (Crooks et al., 2006). However, similar
studies have found no effects of BC supplementation on salivary IgA levels (Davison
& Diment, 2010; Jones et al., 2014).
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Supplementation with 10 g of colostrum increased performance and reduced exercise
fatigue in highly trained cyclists, in addition to avoiding a reduction in the ventilatory
threshold of athletes (Shing et al., 2006). It also reduced the incidence of upper tract
infections, but there was no difference in the duration of symptoms (Shing et al,
2007). However, the findings were limited regarding immunological markers. No
changes were found in the leukocyte and salivary IgA levels (Jones et al., 2015; Shing
et al., 2007), although colostrum supplementation prevented the decrease in the IgG2
concentration in the post-exercise period (Shing et al., 2007).

Table 3. Effects of bovine colostrum oral supplementation on athletic performance and immune

system.

Sport Sample Intervention Supplementation Main Results References
Cycling 29 men Active group (n=14), Daily for 5 weeks Improved performance and Shing et al.
10 g BCP maintenance of respiratory (2006)
Placebo group (n= threshold during exercise
15), 10 g of WP
29 men Active group (n=14), Daily for 5 weeks Increased TNFR1, suppression  Shing et al.
10 g BCP of decrease in cytotoxic T (2007)
Placebo group (n= cells and IgG2. A lower
15), 10 g WP incidence of respiratory
diseases was also found
20 men Active group (n=10):  Daily for 4 weeks Positive effects on oxidative Jones et al.
20 g of BC explosion dependent on (2015)
Placebo group (n= receptors (stimulated by
10): 10 g fMLP). There were no effects
isoenergetic on other mucosal immunity
parameters
Running 30 men Active group (n=17):  Daily for 8 weeks Promoted improvement in Buckley
60 g of BC performance by better et al.
Placebo group (n= recovery after 8 weeks of (2002)
13): 10 g of WP supplementation. Serum
IGF-1 was not changed
15 Active group (M=12;  Daily for 12 Increased salivary IgA in the Crooks et al.
women W=6), 26 g BC weeks active (BC) group (2006)
20 men Placebo Group (M =
8, W=9):26¢g
skimmed milk
Endurance 20 men Active group (n=10), Daily for 4 weeks BC accelerated the recovery of Davison and
exercise 20 g BC neutrophilic function and Diment
Placebo group (n= prevented the decrease in (2010)
10),20 g salivary lysozyme
isoenergetic, milk
protein and skim
milk
31 men Active group (n=15), Daily for 58 days  The sensitivity of the immune  Jones et al.
20g BC response to a new antigen (2019)
Placebo group (n= was greater in the group that
16), 20 g milk received BC
protein and
skimmed milk
Swimming 21 men Active group (M=12;  Daily for 10 Lower incidence of URTl in the  Crooks et al.
32 W=13), 259 BC weeks BC group. There were no (2010)
women Placebo Group (M = effects on plasma or salivary
9, W=19),25¢g immunoglobulins
isocaloric

BCP: Bovine colostrum protein; WP: Whey protein; BC: Bovine colostrum; M: Men; W: Women; TNFR1: Tumour necrosis
factor receptor 1; fMLP: N-Formyl-L-methionyl-L-leucyl-L-phenylalanine; IGF-1: Insulin-like growth factor-1; IgA: Immu-
noglobulin A; URTI: Upper respiratory tract infections.
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There were also no effects of colostrum supplementation on plasma and salivary levels
of albumin and IgG, IgA and IgM immunoglobulins in swimmers. However, a reduction
in the incidence of upper respiratory tract infection symptoms and a decrease in the
number of days with symptoms was observed in the group that received colostrum sup-
plementation (Crooks et al., 2010).

Despite the limited number of studies that evaluated the effects of BC in athletes and
the low number of individuals recruited in these studies, the positive effects of BC intake
on the immune system of athletes are promising, especially when it comes to reducing
upper respiratory tract infections and strengthening immunological health. However,
the mechanisms for such effects remain controversial and require further investigation,
ideally with larger samples.

7. Can bovine colostrum assist in therapy against covid-19?

The pandemic of Coronavirus Disease 2019 (COVID-19), caused by the severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2), emerged in late 2019 and has since
plagued the world, causing thousands of deaths in several countries (Ge et al., 2020).
With this event, a massive race began worldwide in the search for effective treatments
and vaccines to prevent infection by the newly known virus.

An adequate immune system response is able to suppress the infection in some cases.
However, a dysfunctional immune system response in several cases leads to an exagger-
ated release of pro-inflammatory cytokines, causing severe acute respiratory syndrome
(Tay et al., 2020).

Thus, considering the literature data gathered and discussed, it is suggested that the
strong antiviral activity of BC provided by its bioactive components, especially lactofer-
rin, could help to slow the disease progression. The potential application of BC on clinical
management of COVID-19 is not only based on the anti-inflammatory, antibacterial and
antiviral functions (Carvalho et al., 2017; Yadav et al.,, 2016), but also on its capacity in
strengthening the human innate and adaptive immune system.

Yadav et al. (2016) have reported that BC possesses strong antimicrobial activity
against both Gram negative e Gram positive strains. The minimal inhibitory concen-
tration (MIC) of colostrum was found to be 100 pg/ml against E. coli, S. aureus,
P. vulgaris, E. aerogenes, and S. typhi. It is possible that BC might have viricidal effects
against COVID-19 virus (Yadav et al., 2016). This hypothetical idea may be worth
pursuing!

Currently, the antiviral effects of several components of BC are being explored against
SARS-CoV-2. We will, briefly, highlight the use of lactoferrin and hyperimmune colos-
trum in the context of SARS-CoV-2 infection.

7.1. Lactoferrin

Lactoferrin may be a potential therapeutic agent against COVID-19 due to its strong
antiviral (Chang et al., 2020; Kell et al., 2020; Wakabayashi et al., 2014) and anti-inflam-
matory activity (Serrano et al., 2020; Siqueiros-Cendén et al., 2014). Preliminary results
from an in vitro study reported that lactoferrin was effective against the SARS-CoV-2
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virus (Carvalho et al., 2020, preprint), as well as being effective against the Zika and Chi-
kungunya viruses (Carvalho et al.,, 2017).

The anti-inflammatory activity of lactoferrin can be potentially useful in modulating
the cytokine storm activation characteristic of severe COVID-19 which is responsible for
the acute respiratory distress syndrome that leads to pulmonary edema, pulmonary
failure and hepatic, cardiac and renal impairment (Kell et al., 2020). In addition, lacto-
ferrin can also act to prevent infection by inhibiting the SARS-CoV-2 virus from
binding to host cells (Kell et al., 2020).

Serrano et al. (2020) investigated the effects of oral and topical lactoferrin supplemen-
tation (Lactyferrin Forte'™) in 75 positive COVID-19 patients for 10 days. There was a
reduction in the incidence of dry cough, headache and diarrhea, and an improvement in
the shortness of breath, muscle pain, tiredness, anosmia and ageusia. The daily lactoferrin
dose varied from 256 to 384 mg/day for those treated. A total of 256 people who had
contact with the infected patients were also treated with a lower dose of the supplement
(128-192 mg/day), which demonstrated a preventive role against infection by the virus.
These results suggest that lactoferrin seems to be effective in preventing and treating
people affected by COVID-19 (Serrano et al., 2020).

It is interesting to note that the lactoferrin concentration in BC is 1.5-5.0 mg/mL,
which is much higher than the concentration of 0.02-0.75 mg/mL in milk (McGrath
et al., 2016), thus making it an important dietary source of lactoferrin for the human diet.

7.2. Hyperimmune colostrum

Another treatment for COVID-19 under investigation is the administration of hyperim-
mune immunoglobulins (specific antibodies) from patients previously infected with the
virus as a way to fight the SARS-CoV-2 infection (De Alwis et al., 2020; Valk et al., 2020).
A recent study found that the breast milk of women previously infected with COVID-19
showed IgA reactivity against SARS-CoV-2, showing that milk has specific immune
activity against COVID-19, thus constituting a factor which could help in preventing
and treating infection by this virus (Fox et al., 2020, preprint).

Nevertheless, the use of bovine hyperimmune colostrum has shown positive results
against viruses and bacteria (Table 4). Its production consists of vaccinating cows
against virus or bacteria strains and subsequently collecting colostrum rich in specific
immunoglobulins against those pathogens (Steele et al., 2013). The results have been
promising against the Influenza A virus and the bacteria Escherichia coli, Clostridium
difficile and Helicobacter pylori (Table 4).

Civra et al. (2019) showed that the conventional bovine rotavirus vaccine was able to
promote production of colostral antibodies against human rotavirus, possibly due to
epitope sharing between the two pathogens. This result makes this procedure a possible
technique for preventing and treating rotavirus in humans, which is a major cause of
severe diarrhea in children. Similar findings showed that vaccination of cows with
HIV-1 (Human immunodeficiency virus 1) gp140 resulted in a hyperimmune colostrum
rich in anti-gp140 IgG with a neutralizing, fast and potent activity against HIV-1 infec-
tion (Kramski et al, 2012a; Kramski et al, 2012b). In addition to the antiviral
properties, hyperimmune colostrum also displayed anti-inflammatory activity in mice
affected with rheumatoid arthritis (Hung et al., 2018).
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Table 4. Hyperimmune bovine colostrum in the prevention and treatment of infectious diseases.
Infectious

agent Administration form Experimental model Results Reference
Influenza A Purified HBC IgG Mice Treated and prevented infection Ng et al.
(2010)
Escherichia Dairy formula + HBC Igs  Babies aged 3-6 Lower incidence and duration of Tawfeek et al.
coli or Dairy formula months fed milk diarrhea and greater weight gain (2003)
(control) formula in the supplemented group.
Purified HBG IgG Infected adults Prevented diarrhea Savarino et al.
(2019)
Purified HBC IgG Mice Treated the infection Larcombe
et al. (2019)
HBC Infected adults Prevented diarrhea Otto et al.
(2011)
Clostridium Purified HBC IgG Mice Treated and prevented infection Hutton et al.
difficile (2017)
HBC Pigs Treated the infection Sponseller
et al. (2015)
Helicobacter HBC Igs In vitro human Inhibited binding in vitro and Casswall et al.
pylori gastric mucosa eradicated or reduced bacterial (2002)
and mice load
HBC + N-acetylcysteine  Mice Reduced bacterial load Tran et al.
+Zn (2010)

HBC: Hyperimmune bovine colostrum; Igs: Immunoglobulins; IgG: Immunoglobulin G.

Farm animals are being studied to produce hyperimmune milk and serum (Jawhara,
2020; Zylberman et al., 2020). However, so far, no scientific evidence was gathered to
confirm whether cows immunized with the inactivated virus or with viral particles of
the SARS-CoV-2 could provide hyperimmune colostrum with high levels of specific
IgG to combat COVID-19. If confirmed, this could be a cheaper and faster alternative
to obtaining antibodies.

8. Conclusions and future perspectives

Data summarized herein demonstrated that ingesting bovine colostrum is beneficial for
the immunity of the human respiratory system. However, the mechanisms for its effects
are still unknown and further studies are needed.

Current evidence indicates that colostrum and its components may contribute as a
non-pharmacological alternative for the clinical management of COVID-19. As BC
was able to prevent virus infections and reduce the symptoms severity, perhaps BC sup-
plementation could also have some positive impact as a prophylactic measure against
SARS-CoV-2 infection. This will only be accessed through reliable and carefully designed
investigations, preferably randomized, double-blinded, placebo-controlled clinical trials
and longitudinal studies. That way the effects of BC supplementation in healthy individ-
uals and in patients affected by COVID-19 could be better examined and elucidated.
Further studies on the effects of colostrum consumption on the health of the lower res-
piratory tract and asthma are also needed.

Apart from BC benefits related to COVID-19, which is still under scientific scrutiny,
there is a solid indication of BC supplementation as an important source of bioactive
molecules able to provide health improvements. Therefore, the incorporation of BC in
human eating habits is desirable. Dairy derivatives with BC as an ingredient could be
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a natural form of consumption, considering that the origin of colostrum is the same as
that of animal milk on the farm. Under proper professional supervision, foods or sup-
plements containing BC could be proposed as adjuvants in therapy for patients with
infections and respiratory allergies, as well as those who are immunosuppressed.

Hence, the development of BC products or its use as food ingredient should be better
studied due to its potential application in the healthcare context, especially in a public
health emergency, when serious efforts are necessary to provide and/or improve the
population’s health. This also represents an underexplored commercial opportunity
for the food industry worldwide.
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