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Abstract

Biological adjuvants that target the gut immune system are being developed for

modulating the immune system. Hyperimmune bovine colostrum (HBC), produced by

harvesting the bovine colostrum of dairy cows immunized to exogenous antigens,

has been shown to modulate the immune responses and alleviate immune-mediated

organ damages. The aim of the present study was to determine the ability of HBC to

promote antiviral interferonγ (IFNγ) T cell responses. In a preclinical study, mice were

orally administered with HBC for 5 days and tested for the number of T cell clones

secreting IFNγ in response to viral antigens of the swine flu, New Caledonia influ-

enza, and cytomegalovirus. In a phase I/IIa clinical trial, five healthy volunteers were

treated for 5 days with HBC followed by testing the anti-coronavirus disease

(COVID-19) immunity. In the preclinical study, oral administration of HBC augmented

the number of T cell clones secreting IFNγ in response to viral antigens. In the clinical

trial, oral administration of HBC to healthy males significantly increased the number

of anti-COVID-19 spike protein IFNγ positive T cell clones. Oral administration of

HBC provides a novel method for augmenting antiviral responses. Its high-safety pro-

file makes it ideal for all disease stages and for pre-emptive therapy among medical

personnel and other workers who are at a high risk of exposure to infections. The rel-

atively low cost of HBC is expected to minimize care provider burdens, costs, and

enable its global application.
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1 | INTRODUCTION

The ongoing pandemic caused by severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), the causative agent of coronavirus dis-

ease (COVID-19), is associated with high morbidity and mortality rates

worldwide (Omer et al., 2020; Yang et al., 2020). An effective innate

and adaptive immune response to the virus can clear the virus and

virus-infected cells. In COVID-19, the virus escapes the immune sys-

tem and induces severe inflammation that leads to acute and chronic

lung injury. This immune response may also mediate injury in the

heart, intestine, and the nervous system (Gelman et al., 2020; Ishay,

Kessler, et al., 2020).

The development of resistance to antiviral agents that attempt

to block viral entry or replication and immunomodulatory agents is
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common in all RNA respiratory viruses, which may become a

major obstacle for effective therapies against COVID-19 (Mason

et al., 2018). Prevention of transmission among household contacts

and in populated areas is paramount for the control of respiratory

infections.

Current therapies for COVID-19 are far from addressing this

unmet need. While antibody-based therapies are being developed

(Ishay, Kessler, et al., 2020), augmenting the antiviral cellular responses

may provide improved protection. A combination of both types of

therapies may be a superior therapeutic strategy against COVID-19.

There is also a need for safe, affordable, and effective therapeutic

methods that can overcome viral resistance while augmenting effective

antiviral immunity and viral clearance, and reducing severe inflammation

associated with multiorgan damage. Overcoming the COVID-19 pan-

demic requires therapies that can reach the market rapidly for the preven-

tion of viral transmission, while minimizing care provider burden and

costs.

Hyperimmune bovine colostrum (HBC) is produced by immunizing

cows with antigens during pregnancy, resulting in a high level of

antigen-specific immunoglobulin (Ig) G. A balancing effect on the

immune system has been described for hyperimmune colostrum. Treat-

ment with HBC was shown to be beneficial in treating enteric patho-

gens without disrupting the normal microbiota (Otto et al., 2011;

Sponseller et al., 2015). In addition to antibodies, HBC contains several

sphingolipids, which have emerged as major bioactive molecules and

potent immune mediators (Silva et al., 2019). IMM-124E is an over-the-

counter medication (Travelan©, Immuron Ltd.) comprised of anti-LPS-

enriched HBC. The aim of the present study was to determine the

effectiveness of IMM-124E in augmenting antiviral T cell responses

and to assess its application for the prevention and treatment of

COVID-19.

2 | MATERIALS AND METHODS

2.1 | Preclinical studies

2.1.1 | Animals

Ten-week-old male C57BL/6 mice were purchased from Harlan Labo-

ratories (Jerusalem, Israel). Mice were maintained in the animal core

facility of the Hadassah-Hebrew University Medical School. All mice

were fed with standard laboratory chow and water ad libitum and

maintained in a 12-h light/dark cycle. The animal experiments were

carried out according to the guidelines of the Hebrew University-

Hadassah Institutional Committee for Care and Use of Laboratory

Animals under the committee's ethics approval.

2.1.2 | Oral administration of bovine colostrum

Mice were orally administered with 200 μg of bovine colostrum dis-

solved in water or water only (negative control) for 5 days.

2.1.3 | Preparation of cells

Ficoll gradient separation was performed on 20 ml blood samples col-

lected in acid citrate dextrose tubes within 1 h of collection to isolate

peripheral blood mononuclear cells (PBMCs). PBMCs were washed twice

with RPMI-1640 with 10% fetal calf serum (FCS) and cultured in 96-well

plates (1 x 105 cells/well) in RPMI 1640 with 10% FCS (Ilan et al., 2016).

2.1.4 | Enzyme-linked immunosorbent assay

Interferon γ (IFNγ) spot-forming cells (SFC) were determined using an

antigen-specific enzyme-linked immune absorbent spot (ELISpot) assay

(Mabtech, Nacka, Sweden) with the following modifications (Israeli

et al., 2004). In brief, 96-well filtration plates coated with a high-protein

binding hydrophobic polyvinylidene disulfide (PVDF) membrane were used

(Millipore Corp., Bedford, MA, USA). Plates were coated with 1-D1K anti-

IFNγ antibody (15 mg/ml, Mabtech, Nacka, Sweden) for 24 h at 40�C.

2.1.5 | Viral-antigens' stimulation of lymphocytes

Triplicates were prepared either without antigens or with the following

three completely inactivated viruses: the swine flu, New Caledonia flu,

cytomegalovirus (CMV). Plates were incubated for 48 h at 37�C and 5%

CO2. Following washing, biotinylated antibodies (7-B6-1-biotin, Mabtech,

Nacka, Sweden) diluted in filtered PBS with 0.5% FCS to a final concentra-

tion of 1 μg/ml were added for a total volume of 100 μl/well. Plates were

incubated for 3 h at room temperature. Following washing, 100 ml of

streptavidin-alkaline phosphatase was added, and the plates were incu-

bated for 90 min at room temperature. After washing, a substrate was

added (BCIP/NBT, BioRad, Richmond, USA) for 30 min until dark red pur-

ple spots emerged, indicating IFNγ-secreting clones. Two independent

investigators counted the dark spots under a dissectionmicroscope. Results

were expressed as means of IFNγ-secreting cells per 105 PBMCs in tripli-

cates in comparison to the number of cells without viral antigen treatment.

2.2 | Phase I/IIa clinical trial

2.2.1 | Study design

The clinical trial was a phase I/IIa open-label study to examine the

safety and efficacy of IMM124E oral administration in healthy volun-

teers. The subjects were enrolled in a single-center trial at the

Hadassah-Hebrew University Medical Center in Jerusalem, Israel. The

trial was registered at ClinicalTrials.gov (NCT04643561).

2.2.2 | Study population

Eligible subjects were healthy males between 18 and 45 years with no

acute chronic disorders and did not receive any immunomodulatory
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medications. Exclusion criteria included any acute illness resulting in

emergency department (ED) evaluation or hospitalization in the last

6 months or any acute illness in the month before enrollment. Sub-

jects were excluded if they had any evidence of chronic or acute

infections, malignant, autoimmune, hepatic, renal, or other systemic

diseases. Subjects were excluded if they ever used chronic drug ther-

apy, took over the counter medication 4 weeks prior to enrollment,

had an allergy to milk, or had substance abuse for at least a year prior

to enrollment. Volunteers were also excluded if they participated in

any other clinical trial within 30 days prior to the intervention. All

subjects provided written informed consent.

2.2.3 | Efficacy and safety assessment

The primary endpoint was the efficacy and safety of IMM124E in

enhancing the immune response to SARS-CoV-2 spike proteins. Effi-

cacy was demonstrated by measuring the IFNγ response after the

exposure to SARS-CoV-2 proteins using an ELISPOT assay before and

after the treatment with IMM124E in healthy volunteers. Safety was

assessed by monitoring adverse events (AEs) throughout the interven-

tion phase. AEs were defined as any unfavorable and unintended

signs, symptoms, or disease that appeared during the study period,

regardless of whether they were related to the study drug, accidental

injuries, changes in medications, reasons for admission to the hospital,

reasons for surgical procedures, and any laboratory abnormality.

2.2.4 | Intervention

Five healthy volunteers meeting the inclusion criteria were recruited

and received IMM-124E at a daily dose of 600 mg for four consecu-

tive days and 1200 mg for an additional day. Blood was collected in

lithium-heparin tubes before and after IMM-124E treatment. Ficoll

gradient separation was performed on 15 mL blood samples within

1 h of collection to isolate PBMCs.

2.2.5 | ELISPOT assay using SARS-Cov-2 spike
protein

IFNγ SFC were determined using an IFNγ Human ELISPOT kit

(Abcam, UK). In brief, 96-well PVDF bottomed plates precoated by

the manufacturer with human anti-IFNγ antibodies were used as

described above.

Triplicates of 1.5 � 105 PBMCs from each subject were treated

with SARS-CoV-2 spike protein (10 μg/ml, S1 + S2 ECD, His tag, Sino

Biological, China), Hepatitis B (1 μg/ml, surface antigen EngerixTM,

GSK), or RPMI without antigen at a total volume of 100 μl/well. Plates

were incubated for 20 h at 37�C and 5% CO2. Following washing,

dilute biotinylated antibodies were added to the plates, which were

incubated for 1.5 h at room temperature. Following washing, 100 ml

of streptavidin-alkaline phosphatase was added, and the plates were

incubated for 1 h at room temperature. After washing, a substrate

was added (BCIP/NBT, BioRad, Richmond, USA) for 15 min until

dark red purple spots emerged, indicating IFNγ-secreting clones.

Dark spots were counted using a dissection microscope. Results are

expressed as percentage mean increase in SFC after a 5-day treat-

ment of IFNγ-secreting cells per 1.5 � 105 PBMCs in comparison to

that the cell numbers without viral antigen treatment.

2.2.6 | Statistical analysis

Statistical analysis was performed using the Student's t-test. Statistical

significance was set at p < .05.

3 | RESULTS

IFN induction plays a key role in the defense against coronavirus infec-

tions (Nezhad et al., 2020; Yoshikawa et al., 2010). We have assessed the

effect of HBC oral administration on the generation of antiviral specific

IFNγ producing clones in animal models, and against SARS-CoV-2 spike

proteins in healthy humans. The aim was to determine the ability to acti-

vate a systemic antiviral immunity by targeting the gut immune system.

3.1 | Preclinical study

In naïve mice, 5 days of HBC oral administration augmented the

number of IFNγ-positive viral-specific T cell clones as compared to

that in the control mice (Figure 1).
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F IGURE 1 The effect of oral administration of IMM124E on

antiviral T cells immunity. Mice were fed with HBC for 5 days,
followed by an ELISPOT assay to assess the number of T cell clones
secreting IFNγ in response to two strains of influenza and CMV viral
proteins. Data are presented as the average of triplicates of the
number of T cell clones compared to those in mice fed with water.
CMV, cytomegalovirus; ELISPOT, enzyme-linked immune absorbent
spot; IFNγ, interferonγ
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3.2 | Clinical trial

Among the five healthy volunteers who received IMM124E HBC

orally, mild side effects such as tiredness, abdominal discomfort, and

increased acne were noted in three subjects. One of the volunteers

developed flu-like symptoms on the final day of HBC administration

and thus was unable to complete the trial.

In the four subjects that completed the trial, a marked increase in

the number of IFNγ-secreting T cell clones in PBMCs incubated with

SARS-CoV-2 spike protein before and after IMM124E treatment was

observed (Figure 2). Administration of IMM124E was associated with

increased SFC, which was further increased by exposure to viral anti-

gens. The number of SFC in PBMCs incubated with HBV virus surface

antigen resulted in an 85%–100% increase in IFNγ SFC (Table 1).

4 | DISCUSSION

The results of the preclinical studies presented above show that

IMM124E is a potent medication to enhance antiviral immunity across

viral strains, by increasing the number of IFNγ-secreting T cell clones

in response to CMV and influenza viral antigens. The clinical data sup-

port a similar effect in humans in augmenting antiviral response

against COVID-19 and Hepatitis B.

Oral immunotherapy has been previously shown to be effective

in augmenting antiviral immunity in preclinical models and humans

(Gotsman et al., 2000; Gotsman et al., 2002; Ilan, 2002; Israeli

et al., 2004; Safadi et al., 2003). It is a mean for altering the systemic

immunity by targeting the gut immune system.

HBC contains sphingolipids that carry immune-regulatory func-

tions. Sphingolipids have been shown to play a major part in innate

and adaptive cells, which drive the initial antiviral response and may

F IGURE 2 The effect of oral administration of IMM124E for 5 days on the number of T cell clones secreting IFNγ in response to the
treatment of the spike antigen of SARS-CoV-2 (10 μg/ml). (a) Representative pictures of the clones in each of the four subjects prior to and after
5 days of IMM124E oral administration. (b) The percentage of increase in the number of IFNγ SFC clones on the last day of the study minus the
number prior to drug administration in comparison to the number in negative controls. Percentages of increase in IFNγ SFC are presented after

treatment following subtraction of the negative controls. IFNγ, interferonγ; SFC, spot forming colonies

TABLE 1 The number of SFC in human PBMCs incubated with
HBV surface antigen likewise resulted in an 85%–100% increase in
IFNγ SFC before (A) and after (B) treatment with IMM124E

A: Average # of spots before IMM124E

Negative Covid-19 Hepatitis

Patient 1 0 1.0 0.3

Patient 2 0.5 1.3 0.3

Patient 3 0.5 4.3 2.3

Patient 5 0.5 2.7 2.0

B: Average # of spots after IMM124E

Negative Covid-19 Hepatitis

Patient 1 9 14.3 13.7

Patient 2 3.5 7.3 5.0

Patient 3 22 34.7 65.3

Patient 5 30 54.3 41.7
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later induce target organ damage including acute respiratory distress

syndrome (ARDS).

Glycosphingolipids (GS), such as beta-glucosylceramide (GC), are

sphingolipids with the addition of a sugar moiety, and have also been

proposed to promote an immune balance by changing different stages

of the immune system in opposing environments (Ilan, 2019a). Evi-

dence indicates that its beneficial effects may be mediated by (natural

killer T) NKT cells, lipid rafts, and various signaling pathways including

STAT (Bandyopadhyay et al., 2016; Ilan, 2019b; Lalazar et al., 2009;

Shuvy et al., 2009).

GC increases the potency of antiviral vaccination by exerting a

potent adjuvant effect (Mizrahi et al., 2008). Oral administration of

GC could augment anti-HBV immunity to viral proteins. Sphingolipids

have also been shown to alter viral binding to cell membranes to pre-

vent viral entry at the receptor level (Adar et al., 2020).

Exogenous sphingolipids are thought to modulate “sphingolipid
rheostat,” a balance of pro/anti-inflammatory and pro�/anti-survival
sphingolipids (Ilan, 2019a; Ishay, Nachman, et al., 2020). The addition

of sphingolipid ceramide species drives cellular apoptosis and exerts

anti-inflammatory signaling (Gomez-Munoz et al., 2010).

HBC induces T regulatory cells (Tregs) and affects NKT cell distri-

bution and functions, which have been associated with alleviated

inflammation in animal models of colitis, immune-mediated hepatitis,

and type 2 diabetes (Adar et al., 2012; Ben Ya'acov et al., 2015). The

anti-inflammatory effect of IMM124E in humans has been shown to

be mediated by promoting Tregs while altering NKT cell distribution,

and has been associated with significant improvement of inflamma-

tion indicated by reduced pro-inflammatory cytokines and improved

inflammation-associated organ damage in the liver, pancreas, and adi-

pose tissue (Adar et al., 2012; Mizrahi et al., 2012).

In addition, the antibody content in HBC may also contribute to

its immunomodulatory effects. Antibodies directed at common gut

bacteria may reduce chronic inflammation and gut permeability—two

conditions associated with inflammation—and may improve responses

toward acute insults such as viral infections.

Clinical trials in humans have shown that HBC has a high-safety

profile and can alleviate systemic inflammation and associated immune-

mediated organ damage via promoting Tregs and altering NKT cell distri-

bution (Abdelmalek et al., (2018); Mizrahi et al., 2012).

In a controlled clinical trial in patients with chronic liver inflam-

mation and type II diabetes, patients with biopsy-proven non-

alcoholic steatohepatitis (NASH) were orally administered with GC

daily. No treatment-related AEs were observed, and GC decreased

the hepatic fat content as measured using MRI compared to that in

the placebo. HbA1C and HDL levels also decreased in patients

treated with GC. The beneficial effects were associated with the

alteration of NKT distribution (Ilan, Maron, et al., 2010; Ilan,

Zigmond, et al., 2010).

In a multicenter prospective randomized double-blind placebo-

controlled multidose study, 133 patients with histologically proven

NASH received placebo (n = 44), IMM124E 600 mg TID (n = 43), or

IMM124E 1200 mg TID (n = 46) for 24 weeks. Both doses of HBC

were well tolerated and safe comparable to that of placebo. A trend

for a reduction in ALT by >30% was observed in both drug arms. In

patients with baseline ALT levels higher than 50 IU/L, IMM124E

(1200 mg) decreased ALT by >30% in 36.4% of the patients in com-

parison to 13.6% of placebo-treated subjects. IMM124E (1200 mg)

also improved aspartate aminotransferase (AST), CK18, interleukin

(IL)-1β, IFNγ, and IL-17 (Manal, 2018).

Recent data have suggested that using digital systems-based ther-

apies might improve the response to antiviral agents and specifically

against COVID-19 (Gelman et al., 2020).

Taken together, the data of the preclinical and clinical studies sug-

gest that IMM124E can be used to augment antiviral effectiveness

against SARS-CoV-2 and other respiratory viruses, and reduce the

incidence and/or severity of the associated immune-mediated ARDS

and organ damage, while potentially enabling the immune system to

overcome viral resistance mechanisms.

The high-safety profile of IMM124E enables its administration to

patients at all disease stages to reduce disease severity. In addition, it

may allow its application to prevent the transmission of SARS-CoV-2

and other respiratory pathogens in densely populated areas, among

household contacts of infected patients, and among medical personnel

and other workers who are at high risk of exposure to infected patients.

The relatively low cost of IMM124E can potentially minimize care pro-

vider burdens and costs, and enable its global application. Future studies

will assess the effect of IMM124E in patients infected with COVID-19

to determine its ability to treat and prevent further infections.
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