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Abstract

COVID-19 manifests as a mild disease in most people but can progress to severe
disease in nearly 20% of individuals. Disease progression is likely driven by a cytokine
storm, either directly stimulated by SARS-CoV-2 or by increased systemic inflamma-
tion in which the gut might play an integral role. SARS-CoV-2 replication in the gut
may cause increased intestinal permeability, alterations to the fecal microbiome, and
increased inflammatory cytokines. Each effect may lead to increased systemic inflam-
mation and the transport of cytokines and inflammatory antigens from the gut to the
lung. Few interventions are being studied to treat people with mild disease and pre-
vent the cytokine storm. Serumderived bovine immunoglobulin/protein isolate (SBI)
may prevent progression by (1) binding and neutralizing inflammatory antigens,
(2) decreasing gut permeability, (3) interfering with ACE2 binding by viral proteins,
and (4) improving the fecal microbiome. SBI is therefore a promising intervention to

prevent disease progression in COVID-19 patients.
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Coronavirus disease (COVID-19) due to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) emerged in late 2019 and has led
to a world-wide pandemic with devastating morbidity and mortality.
Patients enter a state of hyper-inflammation, leading to a cytokine storm,
actute respiratory distress syndrome (ARDS), cardiac and gastrointestinal
symptoms and postacute COVID-19 syndrome (Jin et al., 2020; Lee
et al, 2020; Nalbandian et al., 2021). While SARS-CoV-2 may directly
stimulate the inflammatory response, other factors may also contribute.
Thus, a systems view of the relationship between gastrointestinal health,
systemic inflammation, and lung pathology could offer insight into dis-
ease progression and potential for new interventions.

Gastrointestinal (Gl)-associated symptoms including diarrhea,
anorexia, and abdominal discomfort are among the initial symptoms in
many people with COVID-19 (Ahlawat et al., 2020). Indeed, the gut

may be integral in driving inflammation and the cytokine storm
(Figure 1). First, while the primary route of infection for SARS-CoV-2
is the binding of ACE2 on lung alveolar type 2 cells, ACE2 is also
expressed on gut enterocytes (Gu et al., 2020). The SARS-CoV-2 viral
nucleocapsid protein has been visualized in the cytoplasm of duodenal
and rectal glandular epithelial cells, (Xiao et al., 2020) and infected
enterocytes can produce SARS-CoV-2 (Lamers et al., 2020). Second,
gut inflammation may exacerbate the cytokine storm through trans-
port of cytokines and inflammatory antigens to the lung. The concept
of different types of mucosa being interconnected through a common
mucosal immune system is supported by findings of reduced systemic
inflammation by oral plasma proteins (Maijo et al., 2012a, 2012b) and
induction of Th17-mediated autoimmune lung pathology by seg-
mented filamentous bacteria in the gut (Bradley et al., 2017).
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FIGURE 1 The case for using serum-derived bovine immunoglobulin (SBI)/protein isolate. (a) SARS-CoV-2 enters the lungs and

stimulates local inflammation. (b) Inflammatory cytokines and SARS-CoV-2 shuttle to the gastrointestinal (Gl) tract via the common
mucosal immune system. (c) SARS-CoV-2 binds to ACE2 on enterocytes, allowing entry and productive infection. (d) the presence of
SARS-CoV-2 in the Gl tract induces changes in the intestinal microbiome, increased intestinal inflammation and cytokine production,
increased intestinal permeability, and translocation of microbial antigens into the lamina propria. (e) Antigens and cytokines are
released from the Gl tract (f) shuttle to the lungs via the common mucosal immune system, resulting in pulmonary inflammation and
(g) into the systemic circulation, inducing a cytokine storm. SBI would interfere with SARS-CoV-2 binding to ACE2, restore a healthy

microbiome, neutralize inflammatory antigens, restore tight junctions, and decrease intestinal permeability, ultimately preventing
cytokine storm
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Recruitment of Th17 cells to the lungs in response to a gut bacteria
challenge is noteworthy as Th17 cell counts are high in COVID-19
patients (De Biasi et al., 2020) and are associated with driving the
cytokine storm (Fajgenbaum & June, 2020). A self-perpetuating cycle
of increasing gut inflammation, initiated by infiltration of plasma cells
and lymphocytes, leading to increased intestinal permeability, results
in higher cytokine production and translocation of bacteria/bacterial
products that contribute to systemic inflammation through the com-
mon mucosal immune system, culminating in a cytokine storm.
Patients with moderate to severe COVID-19 show increased levels of
zonulin, intestinal fatty acid binding protein, soluble CD14 (sCD14)
(Utay et al., 2021), and lipopolysaccharide (LPS) binding protein (LBP),
markers of increased gut permeability and LPS-induced immune sys-
tem activation (Giron et al., 2020; Hoel et al., 2021). And direct mea-
sures of bacterial and fungal translocation, LPS and (1-3)-p-D-glucan,
are high in serum or plasma samples from some COVID-19 patients
(Hoel et al., 2021; Sirivongrangson et al., 2020). Furthermore, sCD14
(indicating increased LPS-induced monocyte activation), intestinal
fatty acid binding protein (indicating intestinal permeability), and LBP
increase with increasing COVID-19 severity (Utay et al., 2021). In fact,
similar associations of increased intestinal permeability have been
associated with other pulmonary diseases such as chronic obstructive
pulmonary disease exacerbations (Sprooten et al., 2018), and lipopoly-
saccharide has been shown to potentiate infections in porcine respira-
tory virus models (Van Reeth et al., 2002).

Finally, alterations to the fecal microbiome can contribute to dis-
ease pathology and clinical outcomes. Increased abundance of Clos-
tridium hathewayi, Clostridium ramosum, and Coprobacillus and lower
levels of Faecalibacterium prausnitzii have been observed in patients
with more severe COVID-19 (Zuo et al., 2020). The fecal microbial
communities found in COVID-19 patients form three distinct clusters
indicative of healthy gut genera, pathogenic genera or severe
dysbiosis (Xu et al., 2021). These clusters shift from low to high diver-
sity (eg. Pathogenic genera to healthy) as the days from symptom
onset increase. Similar clustering and synchronous shifts toward
higher diversity were observed for lung microbiomes. The richness of
the two microbiome communities was negatively correlated with
serum LPS levels (Xu et al., 2021). A separate study showed similar
changes of gut microbiomes toward dysbiosis in patients with
COVID-19 compared to healthy controls. Commensal bacteria
with immunomodulatory potential were depleted and stayed low up
to 30 days after a negative PCR result. Dysbiosis correlated with both
disease severity and elevation of cytokines and markers of inflamma-
tion such as IL-10, TNF-a, and C-reactive protein (CRP) (Yeoh
et al, 2021). The nature of microbiomes and disease is generally
understood to be bidirectional. The gut microbiome also can prime
innate immune responses against invading pathogens in the lungs
(Moreto et al., 2020; Steed et al., 2017) and induces the production of
circulating inflammatory mediators (Ahlawat et al., 2020). Immune
cells can subsequently traffic between the gut and lung via the lym-
phatic system or systemic circulation (He et al., 2020). A healthy gut
microbiome protects against other pulmonary bacterial and viral infec-
tions (Dang & Marsland, 2019).

Efforts to improve gut health and the microbiome may therefore
attenuate this cytokine storm, improve pulmonary defenses against
pathogens, strengthen the immunologic control of SARS-CoV-2 and
thereby improve clinical outcomes in COVID-19 patients. One inter-
vention might be oral serum-derived bovine immunoglobulin/protein
isolate (SBI). SBI is a protein product (>90% protein) manufactured
by fractionating edible grade bovine plasma. These fractionation pro-
cesses enrich the target proteins: 1gG (~50%), bovine serum albumin
(~10%), transferrin (~6%), IgA and IgM (~5%). SBI is enriched in
broadly reactive 1gG against gut pathogens/antigens prone to trans-
location in bovine species. For instance, high titers against endo-
toxin, rotovirus, and E. coli have been measured. SBI is only partially
impacted during initial digestive processes (Losonsky et al., 1985;
Shaw et al.,, 2016), thus enabling SBI to improve Gl function and
morphology (Henderson et al, 2015; Utay et al, 2019; Wilson
et al., 2013).

Animal and human clinical studies have shown that oral immuno-
globulins improve mucosal immunity, both respiratory/pulmonary and
gastrointestinal; they decrease systemic inflammation, reduce the
severity of pulmonary inflammation and viral infections and lower
the viral burden (Table 1). SBI reduces coronavirus disease severity
in calves (Arthington et al., 2002), and humans and bovines display
surface protein homology and may have common ancestry. SBI also
alleviates symptoms in patients with irritable bowel syndrome
(Petschow et al., 2014) and lowers systemic IL-6 levels in individuals
with HIV enteropathy (Utay et al., 2019).

In vitro, the low gastric pH environment does not diminish the
capacity of IgG to bind antigens (Jasion & Burnett, 2015) and in vivo
orally ingested IgG remains bioactive in the small intestines (Roos
et al., 1995). Proteolytic digestion of 1gG does not eliminate binding
and antigen-neutralizing capacity when Fab monomers and dimers are
left intact (Jasion & Burnett, 2015). Five grams SBI is recommended
to be taken orally, twice daily, dissolved in 4 oz of water or mixed with
a soft food like yogurt and consumed immediately. Following this
guidance, bovine IgG is not absorbed and is either broken down or
detected in fecal samples of healthy patients which demonstrates the
ability of SBI to survive the Gl tract (Shaw et al., 2016). SBI is well
tolerated in both pediatric and adult populations with infrequent
reports of abdominal discomfort, bloating or constipation and no
significant or major side effects (Bégin et al., 2008) (Utay et al., 2019).

Here, we hypothesize that SBI might improve outcomes in
COVID-19 patients by reducing inflammation in the gut which in turn
could decrease systemic and respiratory inflammation, thereby inter-
rupting the positive feedback loop of inflammation in the gut-lung axis
that might contribute to a cytokine storm. Several mechanisms under-
pinning a reduction in gut inflammation are possible: (1) binding and
neutralizing inflammatory antigens, (2) decreasing gut permeability,
(3) interfering with ACE2 binding by viral proteins, and (4) improving
the microbiota. First, by neutralizing microbial and viral antigens in the
lumen, SBI could prevent stimulation of an excessive immune
response, both in the intestine and systemically, as well as the migra-
tion of inflammatory antigens or pro-inflammatory cytokines to the
lungs (Figure 1, Utay et al., 2019). Second, SBI could restore gut
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TABLE 1 Effects of plasma proteins on disease states in animal models and humans
Author and year Disease model Outcome
Arthington JD, 2002 (Arthington Bovine calves subjected to coronavirus 1. Decreased respiratory rate (26.8 vs. 28.7 breaths/
et al., 2002) min, p = .06)
2. Higher feed intake (0.57 vs. 0.44 kg/d, p = .02)
Diaz I, 2010 (Diaz et al., 2010) Piglets subjected to porcine reproductive 1. Less severe interstitial pneumonia (p < .05)
and respiratory syndrome (PRRS) virus 2. Faster clearance of virus (2/5 vs. 5/6 viremic at day
challenge 28,p = .07)

Duffy M, 2018 (Duffy et al., 2018)
diarrhea virus (PEDV)

Maijo M, 2012 (Maijo et al., 2012a)
lipopolysaccharide

Maijo M, 2012 (Maijo et al., 2012b)

Mice challenged with intranasal

Mice challenged with intranasal

3. More IFNy in the lungs (p < .05)

Piglets subjected to acute porcine epidemic 1. Earlier and higher IgA (p < .011) and IgG (p < .021)

response
2. Shorter period of viral shedding (p = .028 for comparison
in levels at day 12)

1. Decreased infiltrating leukocytes in lungs (p < .05)

2. Decreased neutrophil and monocyte activation (p < .001
for both)

3. Decreased inflammatory cytokine production (TNFa,
IL-1«, IL-6, granulocyte colony-stimulating factor)
(p < .05 for all)

4. Decreased chemokine production (CCL2, CCL3, CCL4)
(p < .05 for all)

1. Decreased activated T-helper cells (p < .05)

lipopolysaccharide 2. Decreased inflammatory cytokine production (IFNy, IL-5,
IL-12p40, IL-13, IL-17) (p < .05)
3. Increased regulatory T-cell abundance in the
lungs (p < .05)
4. Increased IL-10 in lung and jejunum (p < .05)
Petschow BW, 2014 (Petschow Individuals with diarrhea-predominant 1. Decrease in number of days with symptoms (p < .05)

etal., 2014) irritable bowel syndrome

Utay NS, 2019 (Utay et al., 2019)

Asmuth DM, 2013 (Asmuth et al., 2013a)

integrity and thereby further decrease the translocation of microbial
products into the common mucosa, leading to less inflammation in the
gut and the lungs (Asmuth et al., 2013a; 2013b).

Third, cell entry of SARS-CoV-2 is initiated by the viral spike
protein receptor binding domain (RBD) binding to ACE2 on the sur-
face of host cells (Yan et al., 2020). Each of the Ig-subtypes (IgA, IgM,
and IgG) have been isolated and purified from convalescent plasma
and shown to bind RBD and neutralize SARS-CoV-2 pseudovirus
(Klingler et al., 2020). People who recovered from SARS-CoV infec-
tions (76% homology to SARS-CoV-2) but had not been exposed to
SARS-CoV-2 displayed antibodies that cross-reacted with the SARS-
CoV-2 spike protein (Zhu et al., 2020). The spike protein from these
two viruses have 76% homology; a similar level of homology exists
between bovine coronavirus and SARS-CoV-2 spike protein epitopes,
70-80% (Tilocca et al., 2020), which is likely due to the closely related
evolution of group 2 coronaviruses (Vijgen et al., 2006). This indicates

2. Improvement in loose stools, hard stools, flatulence, and
incomplete evacuation (p < .05)

Individuals with HIV and chronic diarrhea 1. Decreased levels of IL-6 (p = .002)

2. Decreased levels of markers of gut damage (zonulin and
intestinal fatty acid binding protein) (p = .003 and
p = .002, respectively)

Individuals with HIV and chronic diarrhea 1. Decreased number of bowel movements/day (p = .013)

2. Improvement in Gl symptom questionnaire
scores (p = .013)

3. D-xylose absorption increased in 7/8 subjects

4. Lymphocyte repopulation in the gut associated lymphoid
tissue to near normal in 7/8

the potential for cross reactivity of antibodies from herds exposed to
bovine coronavirus to antigens present in SARS-CoV-2. Therefore,
plasma from herds of thousands of healthy cows that are likely
immune to bovine coronavirus, due to its prevalence in the United
States of America (Saif, 2008), may recognize SARS-CoV-2 proteins
and neutralize the binding of SARS-CoV-2 spike to ACE2 on intestinal
epithelial cells. Lastly, SBI could restore healthy gut microbiota and
metabolome. Plasma proteins and SBI have been shown to change the
microbiome in vitro and in vivo. Spray dried porcine plasma fed to
C57BL/6 mice increased the abundance of Lactobacillus in stool sam-
ples (Moreté et al., 2020). A similar increase in Lactobacillus was
observed in vitro when fecal microbiota from human subjects
were grown on SBI (data on file at Entera Health). While patients
experiencing HIV-associated enteropathy show significant decreases
in Ruminococcus after 8 weeks receiving 2 oral SBI, 2.5 g BID (Asmuth

et al., 2013a), a Crohn's disease patient showed an increase in



COMMENTARY

T Wiyl

Shannon diversity and shift from overabundance of Bacteroides to
levels consistent with their healthy parent (Casas & Hazan, 2020).

We therefore hypothesize that dietary supplementation with SBI
might decrease systemic inflammation and prevent clinical deteriora-
tion in patients with COVID-19. We anticipate that each of the poten-
tial mechanisms (Figure 1) will contribute independently over
sustained administration for weeks to mitigating SARS-CoV-2 pathol-
ogy and COVID-19 disease progression, thus distinguishing it from a
one-time infusion of convalescent plasma that is based solely upon
the neutralizing antibody mechanism of action. The different mecha-
nisms, dosage, mode of administration, and duration of SBI treatment
offers an advantage compared to convalescent plasma treatments in
patients with mild COVID-19 which have proven a disappointing
intervention. SBI intervention would most likely be beneficial early in
the infection by healing the gut and preventing the production and
secretion of pro-inflammatory cytokines, thereby preventing the cyto-
kine storm.

In sum, recent data have suggested that intestinal infection
by SARS-CoV-2 (Xiao et al., 2020), microbiome alterations (Zuo et al.,
2020), and the ensuing intestinal damage (Ahlawat et al, 2020)
may contribute to the systemic inflammatory response observed in
patients with severe COVID-19 (Effenberger et al., 2020). SBI repre-
sents a novel therapeutic approach to target intestinal pathology and
thereby attenuate this response and improve clinical outcomes in
COVID-19 patients. Because of the extensive socioeconomic conse-
qguences of COVID-19, reports of post-COVID-19 syndrome (Nicola
et al., 2020) and the persistence of symptoms (Townsend et al., 2020),
the medical management of mild COVID-19 is of comparable public
health importance as severe COVID-19. SBI could serve as a cost-
effective option for international patients to prevent worsening of
mild to severe COVID-19. A randomized, open-label, single-center,
pilot clinical study evaluating the impact of SBI on restoring health in
people with COVID-19 is currently ongoing in Barcelona, Spain,
NCT04682041.
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