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ABSTRACT

The global fight against coronavirus disease 2019 (COVID-19) is largely based on strategies

to boost immune responses to severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and prevent its severe course and complications. The human defence may include
antibodies which interact with SARS-CoV-2 and neutralize its aggressive actions on multiple
organ systems. Protective cross-reactivity of antibodies against measles and other known
viral infections has been postulated, primarily as a result of the initial observations of
asymptomatic and mild COVID-19 in children. Uncontrolled case series have demonstrated
virus-neutralizing effect of convalescent plasma, supporting its efficiency at early stages

of contracting SARS-CoV-2. Given the variability of the virus structure, the utility of
convalescent plasma is limited to the geographic area of its preparation, and for a short
period of time. Intravenous immunoglobulin may also be protective in view of its nonspecific
antiviral and immunomodulatory effects. Finally, human monoclonal antibodies may interact
with some SARS-CoV-2 proteins, inhibiting the virus-receptor interaction and prevent tissue
injury. The improved understanding of the host antiviral responses may help develop safe and
effective immunotherapeutic strategies against COVID-19 in the foreseeable future.

Keywords: COVID-19; Comorbidities; Vaccination; Convalescent Serum; Antibodies;
Immunotherapy

INTRODUCTION

The global fight against coronavirus disease 2019 (COVID-19) requires concerted efforts of all
specialists with advanced knowledge and skills in public health, epidemiology, virology and
immunology. The improved understanding of the virus structure and its destructive actions
with hyperinflammation and dreadful systemic manifestations points to the necessity of a
multidisciplinary approach. Such an approach is required for timely diagnosis and treatment
of COVID-19 and preventing further spread of the virus in the community.

As of May 1, 2020, there are 3,319,856 globally recorded cases of contracting the virus and
234,279 related deaths.1 The USA, Italy, UK, Spain and France are now the five countries
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Disclaimer with the highest death toll. The high mortality figures in the developed countries can be

Allviews and opinions expressed in this associated with aging, reduced cardiopulmonary reserves, and immune dysregulations.2
article are those of the authors and do not
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necessarily reflect the official policy or

N I o Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the cause of the current
pOSItIOﬂ ofany institution or association.

pandemic, has distinctive genetic features, with two subtypes (L and S) and more than 140
Author Contributions mutation points, making it highly contagious and capable of spreading globally.3 Four main
Conceit“al'zat'or:‘:SiSpary anAY, Yessirkepov b roteins in the structure of SARS-CoV-2 are found responsible for human cell interaction
M, Zimba O. Methodology: Gasparyan AY, . C . . .

: i 08 Baspary and intracellular replication: membrane (M), envelope (E), nucleocapsid (N) and spike (S)
Misra DP, Zimba O. Writing - original draft: K o . . . R ] ;
Gasparyan AY, Zimba O. Writing - review & proteins. Scientists believe that there are mutation-resistant epitopes in the genes encoding
editing: Gasparyan AY, Misra DP, Yessirkepov S and N proteins that can be identified in experimental vaccine models and targeted by

M, Zimba O. antibodies (Fig. 1).4

Although all age groups are susceptible to the virus, the incidence of COVID-19 in children
(1.3%) is three times lesser than that in adults (3.5%).3 Also, with the exception of those with
cardiovascular and other comorbidities, children are generally less prone to severe COVID-19
and related mortality,5¢ which could be due to the peculiarities of their adaptive immune
system and low prevalence of cytokine storm syndromes.” Rare cases of COVID-19 in children
at the early stage of the pandemic are likely associated with lower exposure to the virus which
increased with exponential growth of the number of infected individuals.8
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Fig. 1. Structure of SARS-CoV-2 and potential antibody targets.

SARS-CoV-2 has four major targets: the N protein covering the viral ribonucleic acid (RNA), the E protein encompassing the viral envelope, the M protein
protruding from the cell membrane and the S protein that engages with the angiotensin-converting enzyme 2 receptor on host cells. Specific neutralizing 1gG
antibodies to N and S proteins, which are less prone to mutate, may provide successful host immunity; these are also potential targets for future vaccination
strategies (A). Antibodies to E and M proteins, which often mutate, may not be protective against SARS-CoV-2. Cross-reactive antibodies which are generated
in response to measles and other known viral vaccines may offer a degree of anti-SARS-CoV-2 protection (B). Intravenous immunoglobulin and neutralizing
antibodies in convalescent serum may block the virus entry to host cells (C) and dampen hyperinflammation (D).

SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, N = nucleocapsid, E = envelope, M = membrane, S = spike.
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Physiological disbalance in T-helper 1 and 2 reactions with dominance of the latter during
pregnancy makes pregnant women vulnerable to COVID-19 and other viral infections.?
Maternal antiviral antibody production can be suppressed until after delivery,10 further
complicating the serodiagnostics of COVID-19.

Patients with rheumatic diseases, particularly those on immunosuppressive therapies,
form another high-risk group. Preliminary observational research points to the risk of
severe COVID-19 and death in adult rheumatic patients with preexisting comorbidity (lung
involvement), although the true extent of such risk remains to be ascertained.1113

The most dreadful complication of COVID-19 is the cytokine storm syndrome, which is

often experienced by high-risk individuals with obesity, hypertension, diabetes, history of
smoking and lung disease. The syndrome rapidly develops as an excessive immune response
to the virus, triggered by inflammatory cells infiltration in the lungs, activation of T-helper

1 reactions and abundant release of proinflammatory cytokines into the circulation.14
Immunomodulatory and immunosuppressive drug therapies along with cardiorespiratory
fitness are viewed as potential strategies for limiting the destructive effects of cytokine storm
in COVID-19.15

While results of evidence-based research studies are expected to accumulate in the

coming weeks and months, physicians confronting COVID-19 are now offered practice
recommendations based on uncontrolled case series and expert opinion. In the absence

of the long-term prospective studies, hypotheses are generated to launch cohort studies
and trials on prevention and treatment of COVID-19. Some of these hypotheses may lack
justification and pose ethical challenges. The interpretation of such hypotheses needs to be
done through the prism of research reporting standards.16

In the absence of highly effective antiviral drugs and approved COVID-19 vaccines, the urgent
response to the virus spread may include boosting the immune system and utilizing virus-
neutralizing antibodies. In this article, we overview perspectives of antibody production and
immune therapy in COVID-19.

CROSS-REACTIVITY

A good example is a hypothesis associating mandatory vaccinations against measles and
other known viral diseases with cross-resistance to COVID-19 in children.!” The idea of

the cross-reactivity is based on an observation suggesting that subjects who recover from
measles and those vaccinated with measles, mumps and rubella vaccine produce antibodies
to a variety of HIV-1 proteins.18 This hypothesis might shed light on milder or asymptomatic
course of COVID-19 and low mortality in Chinese children who are mandatory vaccinated
against measles.19 Although harshly criticized and withdrawn for revision, a preprint of
structural similarities between some glycoproteins of the novel coronavirus and HIV-1

may provide a point further stimulating the global interest toward the cross-reactivity
phenomenon.20 The hypothesized structural similarities may justify the empirical use

of HIV protease inhibitors, such as lopinavir and ritonavir, that proved effective in some
COVID-19 patients.21 Additionally, the first case of early clearance of the novel coronavirus in
a patient with HIV and hepatitis C virus co-infection and successful recovery from COVID-19
pneumonia also points to a crucial role of cross-reactive antibodies.22
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BCG VACCINATION

An interesting hypothesis is generated suggesting that multiple doses of tuberculosis vaccine
bacillus Calmette-Guérin (BCG) could be protective against COVID-19 due to the so-called
trained immunity phenomenon.2?3 The same strategy is proved to be safe and effective in
autoimmune disorders, such as type 1 diabetes mellitus and multiple sclerosis. A recent
preprint revealed nonspecific beneficial effects of universal BCG vaccination on hindering
COVID-19 spread and its complications in some countries (e.g., Japan).24 The observed
differing COVID-19 mortality rates across countries allow hypothesizing that increasing/
implementing BCG vaccination may be protective during this pandemic, particularly in
countries with no mandatory vaccination policy. The nonspecific protective effect of BCG
vaccine can be clarified when results of the two ongoing trials become available.2526 Both are
phase 3 studies associated with vulnerability at hospital settings, particularly due to the no
intervention.

BCG-CORONA (Reducing Health Care Workers Absenteeism in COVID-19 Pandemic
Through BCG Vaccine) trial is expected to enrol 1,500 healthcare workers exposed to the
virus within the coming 6 months and randomize them into BCG intradermal vaccination
and placebo groups; number of days of unplanned absenteeism for any reason is primary
outcome of the trial.25 BRACE trial (BCG Vaccination to Protect Healthcare Workers Against
COVID-19) is set to enrol 4,170 participants, randomize them into intervention and no
intervention groups, and record COVID-19 incidence and its severe course in the 12 months
following randomization.26 These studies testing the effects of the nonspecific vaccination
on the course of COVID-19 in adults may raise serious ethical concerns due to the risks of
exposing vaccinated and non-vaccinated to the virus.

VACCINATION AGAINST INFLUENZA AND PNEUMOCCAL
PNEUMONIA

In the face of the current pandemic, it is recommended to optimize coverage of healthy
children and adults with influenza and pneumococcal vaccinations to mitigate the effects of
community-acquired pneumonia.2’ The same vaccination strategy is strongly recommended
for the majority of patients with autoimmune inflammatory rheumatic diseases prior

to the administration of immunosuppressive therapy.28 However, there are no studies
suggesting the cross-resistance to SARS-CoV-2 in individuals vaccinated against influenza or
pneumococcal pneumonia.

INTRAVENOUS IMMUNOGLOBULIN

An entirely different approach is proposed by experts hypothesizing that intravenous
immunoglobulin (IVIg) can be effective for the treatment of COVID-19.29 Currently marketed
IVIg preparations contain antibodies that cross-react against SARS-CoV-2 and other virus
antigens in-vitro.30 IVIg preparations that contain proteins collected from thousands of
healthy donors ameliorate the course of autoimmune inflammatory rheumatic diseases by
blocking Fc-gamma receptors and neutralizing inflammatory cytokines. The safety profile of
IVIg therapy can be improved by switching to subcutaneous administration. The initial cases
of high-dose IVIg therapy (25 g/day for 5 days) combined with antivirals (lopinavir/ritonavir)
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and methylprednisolone in severe COVID-19 in Wuhan, China demonstrated elevation of
lymphocyte counts, decrease of inflammatory markers, partial/complete resolution of specific
lung affections, and negative nasal and oropharyngeal swab tests within a few days of therapy.31

CONVALESCENT SERUM

To increase the efficiency of the virus-neutralizing antibody therapies, it is proposed to
collect and utilize hyperimmune IgG antibodies from subjects who have recovered from
COVID-19 and produced high amount of the antibodies.32 Due to the existence of different
strains of the virus variably spread across cities and countries, potential plasma donors
should be from the same geographical area as the recipient patients. Passive antibody therapy
can modulate phagocytosis and cytotoxicity and exert additive virus-neutralizing effect in
combination with antiviral drugs.33

The required amount of antibodies in convalescent serum and duration of therapy depend
on the viral load and severity of COVID-19. It is believed that virus-neutralizing antibodies,
even in small quantities, can be effective when used for prevention or treatment of early
symptoms of COVID-19. The emergency administration of the serum is primarily indicated
in individuals with chronic underlying diseases, healthcare workers, and healthy subjects
who have contacted infected patients. The resultant passive immunity may last for weeks
and months.33 Although antibodies can be collected and stored for a long time, timing

for their optimal use depends on the likelihood of mutations that may change the virus
characteristics. Ideally, antibodies should be used within days of collection. The same
antibodies cannot be effective if used beyond a seasonal outbreak.34

A big issue is the shortage of convalescent serum with high titers of virus-neutralizing
antibodies. An unpublished study of 175 Chinese patients who recovered from mild COVID-19
revealed that about 6% of the patients do not produce detectable level of neutralizing
antibodies and about 30% of them present with very low titers.35 In all these patients,
antibody production increased at day 10 to 15 after disease onset. Surprisingly, elderly (60-85
years) and middle-age (40-59) patients, who presented with lower lymphocyte counts and
higher level inflammatory markers, produced significantly higher amounts of neutralizing
antibodies than younger (15-39) patients.35 Another Chinese cohort study demonstrated

that 9% of recovered patients repetitively present with SARS-CoV-2 positivity and COVID-19
symptoms within 17 days of recovery, pointing to high baseline viral load, various immune
dysfunctions, and virus persistence.36 Interestingly, a large Chinese study (n = 173) of
seroconversion and SARS-CoV-2 RNA detection rates revealed that total antibodies against
the virus were present in about 40% of patients within 1% week of disease onset and in all
patients after 2 weeks.37 During the same periods, RNA detectability decreased from 67%

to 45%,36 raising concerns that not all specific antibodies are able to neutralize the virus.
Variable timing and deficiency of antibody production in a sizable proportion of COVID-19
patients pose yet another challenge, questioning the utility of antibody tests and related
“immunity passports” in the general population.38

Potential serum donor candidates are individuals who have recovered from COVID-19
with high SARS-CoV-2 IgG antibodies (above 1:160) and free of any viral and bacterial
infections.39 An initial uncontrolled case series of 5 critically-ill Chinese patients with
COVID-19 demonstrated the efficiency and safety of convalescent plasma with high levels
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of SARS-CoV-2 IgG antibodies combined with antivirals and methylprednisolone.40 Plasma
transfusion resulted in improving the patients' clinical status, decreasing viral load, and
increasing titers of neutralizing antibodies within 12 days.

Another study of 6 cases of plasma therapy in patients with COVID-19 and respiratory failure
at a median 21.5 days after the virus detection in nasopharyngeal swabs demonstrated viral
clearance within 3 days in all patients.41 Eventually, only 1 patient recovered and 5 patients
died, possibly due to the delayed transfusion of convalescent plasma.

Finally, a case series of 10 patients with severe COVID-19 treated with convalescent plasma
revealed clinical and chest radiology improvement in all patients. Two out of three patients
who required mechanical ventilation could further be weaned off this.42

Major limitation of all reported case series is the absence of matched control subjects who
were not on convalescent plasma therapy. Although empirical experience with plasma
therapies during previous coronavirus epidemics alerted physicians of the risk of anaphylactic
reactions, transfusion-related acute lung injury, and hemolysis,*3 no serious adverse effects
have been reported during the current pandemic.

MONOCLONAL ANTIBODIES

Specific human monoclonal antibodies (mAbs) blocking SARS-CoV-2 interaction with
angiotensin-converting enzyme 2(ACE2) receptors and virus entry to human cells may offer
more targeted options.44 Collecting B lymphocytes from patients who have recovered from
COVID-19, identifying cells capable of producing the required neutralizing antibodies, and
cloning blocking mAbs is a labor-intensive task. Identifying and standardizing the required
mAbs is even more sophisticated task since the variability of the receptor-binding proteins
canyield irreproducible results.45 One of the initial in-vitro studies that aimed to clone mAbs
reported high titers of IgG antibodies against SARS-CoV-2 spike (S) 1 subunit of the surface
protein and its receptor-binding locus in the majority of recovered patients.46 Reportedly,
only a small fraction of these antibodies potently blocks the interaction with ACE2. The
results of harvesting these blocking mAbs by using human B cells are promising, although no
any attempt has been made to conduct related clinical study and explore the risk of adverse
effects such as transfusion-related acute lung injury.

CONCLUSION

The COVID-19 pandemic necessitates mobilizing all available resources for containing

the virus spread. It is apparent that isolation, social distancing, use of personal protective
equipment, and proper individual and population hygiene decrease exposure to the deadly
virus and minimize risk of severe COVID-19. Such protective measures can primarily save
lives of high-risk individuals, such as children, pregnant women, medics, patients with
underlying immunosuppressive and other chronic diseases, and the elderly. It is hypothesized
that individuals regularly vaccinated against some infections, such measles and tuberculosis,
may demonstrate better outcomes when exposed to SARS-CoV-2. Considering all safety
issues, high-risk populations should undergo regular vaccinations to train their immunity
and actively produce antibodies that may cross-react with SARS-CoV-2. Given the limitations
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of the cross-reactivity, particularly exhaustion of active immune response over time and
with aging, passive antibody therapy can be indicated in subjects with early symptoms of
COVID-19 and those with recent contacts with patients. Observational studies suggest
that convalescent plasma with high amount of virus-neutralizing antibodies is effective for
emergency use, well before the virus-related multiple organ affections become evident.

Several attempts are being made to use IVIg and monoclonal antibodies in COVID-19.
However, both approaches are expensive. Additionally, SARS-CoV-2 is capable of mutating,
further challenging the use of specific antibody therapies.
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