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Many different strategies have been used to fight against the Coronavirus disease (COVID-19) pandemic as a therapeutics or prophylaxis approaches. However, not enough attention has been paid to general and specific immune factors and nutritional components found in hyper-immunized dairy products. Hyper-immune bovine colostrum (HBC) has been used against many different respiratory and gastrointestinal tracts infections during past decades. An isolated dairy farm was established, and nine mixed Holstein X Simmental dairy cattle in their 6–7 months of gestation period were chosen for hyper-immunization with inactivated Severe acute respiratory syndrome corona virus-2 (SARS-CoV-2). For this, six cows were inoculated with 2 ml of 109.4/ml (TCID50) of the virus. As a control group, three cows were inoculated with the carrier without virus. Specific IgG level against the SARS-CoV-2 was measured before and after immunization in the sera, and in the colostrum and milk following parturition in hyper-immunized cows using indirect Enzyme-linked immunosorbent assay (ELISA). Neutralizing antibodies in the serum and colostrum was measured by a quantitative ELISA. The safety of the product was determined in40 healthy volunteers aged between 18–65 years old (13 females and 27 males) in the phase 1 clinical trial (https://www.irct.ir/trial/51259). No adverse effects were observed in the experimental cows. A very high level of IgG was observed in the first colostrum that sharply decreased in the following 7 days in the milk. The titer of specific neutralizing antibody in the colostrum samples was 69 times higher than the sera. No adverse effects and clinical complications were reported by the authorized ethics committee, and an official certificate on the safety of the product was issued. Beside other strategies, this approach could be used for large-scale and low-cost production of immune components to be used as a nutritional supplement to confront current SARS-CoV-2 and future pandemics.

Clinical Trial Registration: [https://www.irct.ir/trial/51259].

Keywords: hyper-immune, bovine milk, nutritional, supplement, COVID-19, neutralizing, antibodies


INTRODUCTION

The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causing severe human respiratory infection (COVID-19) has become more than a global health crisis (1, 2). It has devastating effects on all aspects of life, from increasing family violence and abuses to the catastrophic effects on the world economy (3). In January 2020, the World Health Organization announced it as a public health emergency with international concern (4). Many scientists in different countries are engaged in intensive research work to solve the issue. Regardless of the availability of specific vaccines and antiviral drugs, COVID-19 continues to have a serious long term impact on human health around the world (5). Although much attention and debates have been focused on the efficacy of different vaccines against COVID-19, not much attention has been paid to nutritional components of dairies which might have immunological implications on the overall human immune response to COVID-19. In this regard, dairy products of hyper-immunized (creating an immune state greater than normal) dairy cows not only will provide massive specific immune components to the consumers, very high biological values of milk and colostrum, but can also enhance the host immune response to the infection. Considering the fact that people, especially children and elderly, in many undeveloped countries, are suffering from a poor diet with low protein and vitamin contents (6). Milk contains essential nutrients like high-quality protein, calcium, and potent antioxidants like vitamins A, D, and more (7). Therefore, using hyper-immune bovine milk, especially in developing countries, is a dual-purpose strategy to fight both COVID-19 viral infection and malnutrition in mothers, infants, children, adolescents, and the elderly. In this regards, the most potent vaccines might not work properly when there is a deficiency of essential nutrients (8).

Considering this, production of large amounts of specific antibodies in animal models such as dairy cattle could be used as an alternative approach against circulating pathogens during pandemics, especially in immunocompromised patients (9). By hyper-immunization of pregnant dairy cows in the late gestation period using specific antigens, the concentration of specific immunoglobulins (Igs) such as IgG in the sera is increased (10, 11). Antibody level, especially IgG1, is reduced in the bloodstream 2–3 weeks before parturition and actively transported through a receptor-mediated mechanism to the lacteal secretions following parturition (12). The total amount of IgG1 obtained from each lactation could be as high as 500 g (12, 13). Oral hyper-immune bovine colostrum (HBC) and milk not only can increase the mucosal immunity in the oral cavity, pharynx, and upper respiratory tract of humans, even could have immunomodulatory effects on the host immune system (14). IgG is one of the main components of immune activity found in milk and colostrum, which can bind to many gastrointestinal and respiratory pathogens that infect humans such as cryptosporidium, Shigella, rotavirus, respiratory syncytial virus, human immunodeficiency virus, influenza virus, enterotoxigenic Escherichia coli, and Clostridium difficile and supports the cross-species activity of bovine and human IgG (14–22).

Igs in breast milk are IgA, IgG1, IgG2, and IgM. IgG1 is the main Ig in cow’s milk, and colostrum, while the concentration of IgM, IgA, and IgG2 are lower (23). The concentration of IgG1 in colostrum is 100 times higher than in milk (10). Besides specific antibodies, bovine colostrum contains many essential nutrients and bioactive components, including growth factors, lactoperoxidase, lysozyme, lactoferrin, cytokines, nucleosides, vitamins, peptides, and oligosaccharides. These components are highly related to human health. For example, vitamin D level which is found in higher concentration in bovine colostrum than in ordinary milk has been shown to be associated with severity of COVID-19 illness (24). IgG from unimmunized cattle can interact with different types of pathogens, including viruses (14).

In relation to immune-modulatory effects of bovine colostrum, it is shown that bovine colostrum increased the proportion of CD8 + T-cells after virus attack in mice (14). Bovine colostrum-derived IgG can inhibit the NF-κB signaling pathway and inhibit the production of proinflammatory cytokines in intestinal cells (25). Hyper-immune bovine IgG can directly bind to pathogenic organisms, including viruses, and prevent adhering to intestinal epithelial cells (20, 26, 27). It has been reported that bovine colostrum-derived IgG is resistant to proteolysis, which supports the view that colostrum contains trypsin inhibitors, which can promote these antibodies to survive throughout the gastrointestinal tract (28, 29).

Therefore, considering previous work on prophylactic and therapeutic effects of bovine colostrum-derived immunoglobulins on different infectious organisms, the same approach was used against COVID-19 infection (14, 16, 18, 21–23, 28, 30–32). This research focuses on the production and safety of hyper-immune milk or colostrum collected from cows vaccinated with SARS-CoV-2 in healthy individuals. By this approach, large-scale and low-cost production of immune components can be achieved to confront pandemics such as SARS-CoV-2.



MATERIALS AND METHODS


Bovines

Nine mixed Holstein X Simmental in their 6–7 months of gestation period aged 3–4 years were chosen for hyper-immunization with inactivated SARS-CoV-2. Their health status was examined by laboratory check outs and clinical examination. The stage of gestation was examined by palpation and sonography by a dairy farm veterinary specialist. An isolated and very well-protected dairy farm was selected and equipped for the experiment in the Zardanjan area in the East of Isfahan-Iran. Animals were kept under close daily observation for adaptation to the new environment. An experienced animal husbandry engineer was employed to supervise dairy cows during the experiment. A special diet for the dry period was purchased from the Vahdat company, Isfahan. One month after arriving, the cows were divided into two treatment (n = 6) and control (received vaccine ingredients without the virus) (n = 3) groups. Animal experimentation was approved by the ethics committee of the Isfahan University of Medical Sciences (IR.MUI.MED.REC.1399.1029).



Virus Preparation and Inactivation

The virus was produced according to the protocol of influenza vaccine production, and FDA approved adjuvant (Montanide oil) was used as well. Briefly, the virus was isolated from the nasopharynx samples taken from COVID-19 positive patients, cultured on the WHO Vero cell line according to Kim et al. (33). The presence and purity of SARS-CoV-2 were checked by RT-PCR, Nano-Sensor (34), and serum neutralizing tests. Each ml of the preparation contained 109.4 (TCID50) of SARS-CoV-2. For viral inactivation formaldehyde was used. Inactivation was tested in mouse, rat and Syrian hamsters in groups of five (35, 36).

Bacterial culture was performed on nutrient broth, blood agar, tryptic soy broth, thioglycolate broth, PPLO broth media in aerobic and anaerobic conditions. Also, sabourauddextrose agar was used to test the presence of fungi.



Virus Inoculation

Six dairy cows were inoculated with 2 ml of SARS-CoV-2 and two boosters in 2 weeks intervalsintramuscularly in the thigh muscle as a treatment group before parturition. Three cows in the control group were inoculated with all the ingredients except for the virus.



Clinical Observation

Before and after virus inoculation, pregnant cows were closely monitored daily for any changes in behavior such as occasional systemic shock, itching, swelling, or any adverse effects in the vaccination site in the thigh muscle. Also, they were monitored for any change in water and feed consumption, restlessness, and increase in body temperature.



Blood Samples

All laboratory experiments were conducted in the Virology Research Center of the University of Isfahan in conjunction with Zeitoon Isfahan Vaccine Innovators Company facilities. Blood samples were collected at weekly intervals from the milk vein and kept at room temperature for 30 min to coagulate, and then centrifuged at 2,500 g for 15 min at room temperature. Sera were removed and stored in aliquots at –20°C before use.



Preparation of Colostrum and Milk

HBCs were collected immediately after parturition and quickly pasteurized at 60°C for at least 60 min [Low-temperature long time (LTLT)]. After pasteurization, the colostrum temperature was brought to 4°C, and transferred to the laboratory to keep at –20°C, until use. The same was performed for milk preparation collected at 3, 5, and 7 days after parturition. Frozen colostrum samples were thawed, centrifuged at 11,000 g for 15–30 min at 4°C. After removal of fat, the supernatants were collected.



Severe Acute Respiratory Syndrome Coronavirus 2 Antibody In-Direct Enzyme-Linked Immunosorbent Assays

The milk, sera and colostrum supernatants were diluted 1/100, 1/200 1/400, and 1/1,000 using kit diluent, and specific IgG was measured using an in-direct ELISA. ELISA was performed according to ELISA Kit SARS-CoV-2 IgG (Pishtazteb, Iran) protocol with some modification. The diluted test samples (100 μl) were added to the wells pre-coated with N antigen of the virus at 37°C for 30 min. After washing of the plates, horseradish peroxidase-conjugated anti-bovine IgG antibody (Sigma) (100 μl) was used as the secondary antibody and incubated at 37°C for 30 min and after washing, 100 μl of chromatogen-substrate solution (tetramethyl bezidin) was added, then 100 μl of the stop solution was added and test was read at 450 nm wavelength. Duplicate positive controls containing anti-SARS-CoV-2 IgG and negative controls (without IgG antibody) were included in the test.


Neutralizing Antibodies

Selected serum samples before and after vaccination, and colostrum supernatants were used to measure neutralizing antibodies. A quantitative competitive ELISA kit of PishtazTeb (Tehran, Iran) was used to measure neutralizing antibodies. Six wells were used for different standards (50 μl) (0, 1, 2.5, 5, 10, and 40 μg/ml of neutralizing antibodies) negative and positive control were included according to the manufacturer instructions for preparation of standard curve. Briefly, receptor binding domain (RBD) coated wells were filled with either serum samples, milk or colostrum samples (50 μl). Angiotensin-converting enzyme 2 (ACE2) conjugated with HRP (50 μl were added to the wells simultaneously) were shaken for 15 s and incubated at 37°C for 30 min. Neutralizing antibodies against RBD-SARS-CoV-2 present in serumand colostrum samples were attached to the antigens (RBD) and prevented the conjugate from joining RBD. Following washing, with 30 μl of washing buffer for five times, 100 μl of chromagen (blue dye) was added to the wells and were incubated at room temperature for 15 min, covered to avoid light exposure. There was an opposite correlation between immune complex formation at the bottom of the wells and the intensity of dye color. By adding 100 μl of the stop buffer, the blue color turned to yellow, and the best absorbance was detectable at 450 nm wavelength. All standards, positive and negative controls, and tests were performed in duplicate.




Clinical Trial Phase I

Forty healthy volunteers, aged 18–65 years (Table 1), with no background medical complications, were participated in the trial under the supervision of the ethical committee for research projects in biological sciences with an ethical code of IR.MUI.REC.1399.672 of Isfahan University of Medical Sciences and Iranian clinical trials registry No: IRCT20200927048849N1. Each individual signed the consent form before entering phase 1 of the clinical trial. Volunteers were given 150 ml per day of colostrum enriched milk for up to 30 consequent days. Name, national ID numbers, and phone numbers of the participants were given to the ethics committee of Isfahan University of Medical Sciences for further follow-up. After 14 days, their clinical status (necessity of emergency medical service, gastrointestinal disorders, hospitalization, and any medical problem) was assessed through phone interview by expert medical personnels from independent investigation team of the ethics committee.


TABLE 1. Age and sex distribution of participants in phase 1 of the clinical trial.
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RESULTS


Virus Inoculation and Inactivation

The isolated virus was adapted to vero cells by several passages reaching to the TCID 50 of 109.4. The presence of the virus was confirmed by RT-PCR (Ct-10) and serum neutralizing test. No virus was detected by RT-qPCR in pharyngeal swabs and blood samples of the mice, rats and Syrian hamsters inoculated with the inactivated virus at least 2 weeks post-inoculation. Furthermore, no clinical signs were observed. No bacterial and fungal contamination were detected in the virus preparation.



Bovines


Clinical Observation

Veterinary and laboratory check outs of the pregnant animals and their fetus did not show any abnormalities before and after vaccination. No changes were observed in the behavior and clinical signs such as body temperature, feed, and water consumption of inoculated pregnant animals. Also, adverse tissue reactions were not detected on the injection site in the thigh muscle after the virus inoculation.



Enzyme-Linked Immunosorbent Assay

Comparison of dynamism of specific IgG level (mean) among the sera collected before and at parturition is shown in Figure 1. As it is shown, in Figure 1 there is a sharp increase in the specific IgG level against SARS-CoV-2 following the first booster. Just before parturition it was decreased sharply.


[image: image]

FIGURE 1. Mean specific IgG level in different sera dilutions of six treatment and three negative control pregnant cows before parturition, using in-direct ELISA test. TG, Treatment group; CG, Control group; Week 0, First virus inoculation; Week 2, First booster; Week 4, Second booster; P, Parturition.


Immediately after parturition first colostrum samples were collected. Also milk was collected up to 7 days after parturition. A very high level of IgG was observed in the first colostrum samples that sharply decreased in the following 7 days in the milk (Figure 2). A high level of mean specific IgG was detected in the lowest dilution of the first colostrum (1/1000).
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FIGURE 2. Mean specific IgG level in different colostrum and milk dilutions of six treatment and three negative control pregnant cows after parturition, using in-direct ELISA test. TG, Treatment group; CG, Control group.




Neutralizing Antibody Assay

Comparison of mean neutralizing antibody titers in the sera of pregnant inoculated before and at parturition in treatment and control group cows are shown in Figure 3. Comparison of mean of neutralizing antibodies in the colostrum samples of treatment and control cows is shown in Figure 4. The titer of the neutralizing antibodies in treatment cows was 89 times higher than the control.
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FIGURE 3. Mean SARS-CoV-2 neutralizing antibody in different sera dilutions of six treatment and three negative control pregnant cows before and at parturition, using ELISA test. TG, Treatment group; CG, Control group; Week 0, First virus inoculation; Week 2, First booster; Week 4, Second booster; P, Parturition.
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FIGURE 4. Mean neutralizing antibody titers in the colostrum samples of inoculated and control groups.



Clinical Trial Phase I

No adverse effects and clinical complications were reported by the ethics committee and an official certificate on the safety of the product was issued.






DISCUSSION

During exposure of the body to infectious organisms, an additional burden is imposed on the immune system. Therefore, the balance of nutrients intake could help infected patients to more efficiently produce appropriate immune components, biochemical molecules and to facilitate specific immune cells to proliferate (37, 38). It is noteworthy to mention that the impact of diet quality on the severity of SARS-CoV-2 infection is getting more attention by the medical community. Therefore, even ordinary bovine milk, which has high biological value, could provide nutrients such as antioxidants, amino acids, vitamins, macro, and micronutrients needed for the immune system to answer extra metabolic demands required to fight pathogenic organisms (39, 40).

Pregnant cows behaved normally following inoculation of inactivated SARS-CoV-2 and did not show any clinical signs and mortalities. There was no abortion, fever or changes infeed and water consumption and tissue reaction in the inoculation sites.

The safety of the product was approved in phase I of the clinical trial during this study.

Although many FDA-approved and investigational antiviral drugs, alone or in combination, are in use during the ongoing SARS-CoV-2 pandemic, none of the clinical trials so far have used bovine colostrum-based immune components against COVID-19 (41). Immunomodulatory effects of HBC have already been studied in different stages of various diseases (10–13, 15–17). The application of bovine Ighas been used in many respiratory and gastrointestinal tracts infections during the last two decades (14, 20–22, 29, 34). For more than 100 years, it has been recognized that milk and colostrum provide passive immunity to a newborn infant via the transfer of bioactive factors and Igs (42). The unique physiology of antibody transfer from placenta of mother to neonate in ruminants which does not allow passage of immunoglobulins from dam to fetus, provides all immune components in the colostrum. This phenomenon provides the dairy industry with massive amounts of antibodies, immediately after parturition (12). By hyper immunization of pregnant cows in their late gestation period, we can increase the specificity of immune components available to us after parturition. Perhaps because of this unique function, ruminant neonates are borne without Igs, and 70–80 percent of total protein content in their colostrum are Igs (11, 43).

The results of the current study show that the IgG level in the sera starts to decline 2–3 weeks before parturition, and this is because of active receptor-mediated transfer of the antibody from the blood stream to the mammary glands. These results are in agreement with previous research by Burton et al. (12).

The level of IgG in the bloodstream did not increase after the second booster. This could be due to a limited time period before parturition.

High IgG level obtained even in the lowest dilution of the sera and colostrum, shows that the inactivated virus inoculation method used in this study has been able to induce a proper humoral immune response and the titer of specific neutralizing antibody in the colostrum samples was 69 times higher than the sera and 89 times higher than control colostrum samples.

Phase one of the clinical trial was conducted to determine the safety of hyper-immune bovine milk. Using 150 ml of the product daily for up to 30 consequence days did not have any adverse effects in healthy volunteers aged between 18–65 years.

In addition to currently approved antiviral therapies, passive transfer of immune components through the oral route of dairy products could be an alternative strategy against viruses, including the SARS-CoV-2 (14, 44). Although several new therapeutic strategies are emerging in this desperate time, none have been based on specific bovine-derived immunoglobulins.

Application of immunoglobulins by oral route has no contradiction with vaccination, and US food and drug administration (FDA) has approved the safety of hyperimmune milk on the basis of clinical studies (39, 40). It is proved that orally ingested HBC immunoglobulins are functionally active during passage through the gastrointestinal tract and, along with other components, can prevent upper respiratory and gastrointestinal tracts infections and also lipopolysaccharide-related inflammation. Partial immune exclusion of pathogens happens when milk passes through the nasopharynx, especially if it is kept there for a while before swallowing (22). Besides neutralizing activity of bovine IgG, Fc of bovine IgG can bind to Fc-gamma receptors (FcγRII) of human monocytes, macrophages, natural killer cells, and neutrophils. Attachment of Fc to the FcγRII, along with the killing of the pathogens by phagocytosis, and antibody-dependent cellular toxicity, initiates antigen presentation, which may increase adaptive immunity by enhancing T and B cell responses and production of pathogen-specific IgA antibodies (14). Therefore, it can be hypothesized that oral consumption of BHC against SARS-CoV-2 infection before and during initial infection of the nasopharynx and intestinal tract may be able to reduce the active virions by neutralizing them and also initiate innate and adaptive immune responses at mucosal surfaces of respiratory and gastrointestinal tracts. However, this should be confirmed for SARS-CoV-2 by further studies.

In conclusion, generation of IgG and neutralizing antibodies was successful in the bovine colostrum which is safe for consumption.
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