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Abstract

The whole world is confronting the pandemic of severe acute r espiratory syndrome coronavirus 2 (SARS-
CoV-2). Unfortunately, there is no vaccine to prevent novel coronavirus infection. Besides several experimen-
tal drugs, the strong immune responses and convalescent ser a are the current two potential options to tackle
coronavirus disease 2019 (COVID-19) infection. Innate imm une-mediated antiviral responses are initiated by
the recognition of viral invasion through pathogen-associ ated molecular patterns (PAMPs). In coronavirus,
the PAMPs are recognized by Toll-like receptors 3 and 7, endo somal ribonucleic acid receptors, RNA in
cytosol, and by pattern recognition receptor (RIG-1) in the alveolar cells and site of invasion. Nuclear factor-
κB and interferon regulatory transcription factor (IRF3) ar e activated in response to the above recognition
episode and translocate to nucleus. These transcription fa ctors in the nucleus initiate the expression of
interferon type 1 and pro-inflammatory cytokine storm, whic h leads to first line of defense at the site of viral
entrance. The effectiveness of innate immune system is grea tly relies on type 1 interferons and its cascade,
because of their role in the inhibition of viral replication and initiation of adaptive immune responses. The
successful interferon type 1 response put down the viral rep lication and transmission at prompt point.
Passive immunization is the administering of antibodies in to infected patients, which is taken from recovered
individuals. The convalescent sera of the recovered COVID- 19 patients are containing antiviral neutralizing
antibodies and are used therapeutically for infected indiv iduals by SARS-CoV-2 and for the purpose of
prophylaxis in exposed individuals. The convalescent sera is found effective when administered early at
the onset of symptoms.

Statement of Significance: The current article emphasizes o n the importance of innate immune-mediated
antiviral responses to SARS-CoV-2. In the absence of vaccin e and effective drugs to treat coronavirus
disease 2019 (COVID-19), the options to compete with COVID- 19 are: immune antiviral responses and
use of convalescent sera. The innate immune-mediated antiv iral responses greatly rely on the activation
of interferon type 1 and its downstream cascade mechanism. T he interferon and its downstream cascade
mechanism stop the viral replication. The current article a lso signifies the procedure of taking, screening
and use of convalescent sera to treat COVID-19 and associate d risks and benefits with it. Convalescent
sera have neutralizing antibodies and higher titer of neutr alizing antibodies help in viral neutralization.
In addition, the current article also addresses the immunop athology and immune evasion mechanism of
COVID-19.
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INTRODUCTION

As of December 2019, human population is facing
pandemic of severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2), which is responsible for causing
coronavirus infection, named as coronavirus disease 2019
(COVID-19). SARS-CoV-2 affected billions of people and
still spreading rapidly throughout the world. Though the
mortality of COVID-19 is far lower than SARS-CoV
and MERS, the transmission rate is very high [1]. The
deaths and confirmed cases are increasing day by day
[2]. Currently, there is no specific vaccine, monoclonal
antibody, and drugs for treatment, as this virus seems
to be novel [3]. Vaccines for COVID-19 are in rapid
developing stage and will be available soon [4]. The innate
immune responses have a key role in slowing down the
viral replication; the innate immune responses are stronger
in young population than aged population. Therefore
the mortality rate of SARS-CoV-2 is higher in old age
population than adult. The current situation proclaims
that passive immunization or passive antibody therapy is
the best option for the treatment and prevention of SARS-
CoV-2 disease. It would be possible only if large number
of recovered individuals donate their immunoglobulin
containing sera immediately [4, 5]. The current article
focused on how innate immune responses and convalescent
sera get to grip with SARS-CoV-2. The current article
also addresses associated risks and benefits with the use of
convalescent sera, immunopathology, and immune evasion
mechanism of COVID-19.

Immunopathology of COVID-19

The COVID-19 initial site of infection and pathogenesis
is still under investigation; however, in most cases, the
lungs might be affected. Person-to-person transmission
by droplets, cough, sneeze, talk, and close contact is prime
mode of transmission. The incubation period is 2–14 days
[6], and the rapid reproduction rate is 2.2–2.6 [7]. In
total, 80% of the cases are asymptomatic or showing mild
symptoms, whereas 20% cases are critical, which means
that fatality and severity of SARS-CoV-2 are less than
MERS and SARS, however the SARS-CoV-2 presents
similar symptoms with SARS andMERS such as fever and
respiratory symptoms. The percentage of gastrointestinal
symptoms such as diarrhea in MERS and SARS is 20–
25%, but in COVID-19 these symptoms are rare [8]. Mostly
COVID-19 infected patients develop lymphopenia along
with pneumonia [9]. IL-2, IL-7, IL-10, G-CSF, IP-10,
monocyte chemoattractant protein (MCP)-1, macrophage
inflammatory protein (MIP)-1A, and tumor necrosis factor
alpha (TNFα) were also reported in severe infected patients
of COVID-19 [9]. These pro-inflammatory cytokine
storm may initiate viral sepsis and inflammatory-induced
lung injury, which results in acute respiratory distress
syndrome, pneumonitis, respiratory failure, shock, multiple
organ failure, and eventually death. The mortality rate
of SARS-CoV-2 is 2.4% [9]; this mortality rate is due
to organ failure in aged peoples having past complica-
tions of hypertension, diabetes, and cardiopulmonary
problems.

Potential immune evasion mechanisms of coronaviruses

The coronavirus have longer incubation period of 2–14 days
as compared with influenza, which is 1–4 days [10]. It is
due to the reason that coronaviruses dampen the immune
responses and adapt to evade the immune barrier. Most
evasion mechanisms involve the inhibition of interferon
type 1 protiens. The M protein of coronavirus has a key
role in immune modulation. The analysis of two MERS
cases revealed that infected patients have low titer of type
1 interferons, whereas the recovered individuals have high
titer of type 1 interferons [11]. When the dendritic cells and
macrophages get infected by coronavirus, it leads to the
down regulation of antigen presentation via MHC class I
and II and stop or diminish the activation of T-cells; thus
there will be no adaptive immunity to the virus [12].

INNATE IMMUNE-MEDIATED ANTIVIRAL
RESPONSES TO SARS-COV-2 INFECTION

Innate immune responses of host are the by birth immunity,
which present the first barrier to any kind of pathogen.
Although there is limited information on the innate
immune responses to COVID-19, but increase in neu-
trophils (38%), reduction in lymphocytes (35%), increased
serum interleukin-6 (52%), and increasedC-reactive protein
(84%) were also investigated in a study in Wuhan on 99
patients [13]. In another study of 41 patients in Wuhan,
increase in neutrophils and decrease in lymphocytes were
reported significantly different in intensive care unit (ICU)
and non-ICU patients. The increase and decrease in total
neutrophils and lymphocytes are correlated with fatality
of COVID-19 [14]. However, patients in ICU were found
having high level of innate cytokines, CXCL-10 or IP-10,
CCL2 or MCP-1, MIP-1A, and TNFα [15]. The above
information indicates the involvement of pro-inflammatory
cytokine storm in the severity and progression of COVID-
19. The effectiveness of innate immune system greatly
relies on type 1 interferons and its cascade, because of
their role in inhibition of viral replication and adaptive
immune responses. ACE-2 is the primary receptor site
of SARS-CoV-2 and expressed on type 2 alveolar cells
of lungs [9]. Innate immune-mediated antiviral responses
is initiated by the recognition of viral invasion through
PAMPs; in coronavirus the PAMPs are recognized by Toll-
like receptors3 and 7, endosomal ribonucleic acid receptors,
RNA in cytosol, and by pattern recognition receptor
(RIG-1). Nuclear factor-κB, and interferon regulatory
transcription factors (IRF3) are activated in response to the
above recognition episode and translocate to the nucleus.
These transcription factors in the nucleus initiate the
expression of interferon-1 and pro-inflammatory cytokine
storm, which leads to first line of defense responses
at site of viral entrance [16]. The Janus kinase–signal
transducer and activator of transcription (JAK–STAT)
pathway is activated by interferon type 1 via interferon
alpha/beta receptor, where phosphorylation of STAT1
and 2 occurs by JAK1, and tyrosine protein kinase 2.
Interferon regulatory factor 9 and STAT 1 and 2 form
a complex together, translocate to nucleus and start the



Antibody Therapeutics, 2020 215

transcription of interferon-stimulated genes under the
regulation of interferon-stimulated response element [17].
The successful interferon type 1 response put down the
viral replication and transmission at prompt point. SARS-
CoV-2 shares 79% genomic similarity with SARS-CoV-1
and 50% with MERS. 10b, 13, and 14 are the additional
gene regions reported in the genome of SARS-CoV-2.
Although some amino acid sequences of SARS-CoV-2
shows 68% similarity with SARS-CoV [18]. Therefore, by
the comparison of similar gene regions, it can be predicted
that how the novel virus (SARS-CoV-2)messes with innates
immune system of the host. However, it provides partial
explanation to the speculation that SARS-CoV-2 uses same
game plan to interfere with host immunity, may be it have
some unrevealed mechanism. Innate immune responses
play a major role in protective, destructive responses,
and immune mediation. Interferon type 1, macrophages,
and neutrophils are overproduced due to the active viral
replication and thus results in cytokine storm. During
COVID-19 the increase and decrease in total volume
of neutrophils and lymphocytes, probably SARS-CoV-2
induces delayed interferon type 1 responses and thus loss
of viral control occurs in prompt stage of infection. Elderly
people are more susceptible to COVID-19, but some severe
cases have also been reported in young population. Fig. 1.

PASSIVE IMMUNIZATION OR PASSIVE
ANTIBODY THERAPY

Administration of antibodies to the susceptible individu-
als to a disease for the purpose of prevention and treat-
ment is called passive antibody therapy, and the process
is called passive immunization. In active immunization or
vaccination, the triggering of immune responses to develop
took much time and differs according to the recipient.
Thus, the immediate way to prevent the susceptible pop-
ulation is passive antibody therapy. In 1890 foregoing to
the happening of antimicrobial therapy in 1940, the passive
immunization was considered the sole mean of handling
defined infectious diseases [18, 19]. In case of SARS-CoV,
it found that the convalescent sera contain nAbs to the
concern virus [20]. The mechanism of action is same for
SARS-CoV-2, the passive immunization initiate protection
by viral neutralization. However, Ab-dependent cellular
cytotoxicity and phagocytosis pathways are also to be con-
sidered. For SARS-CoV-2 the possible source of antibodies
are human convalescent sera or to generate it in animal
host, just like genetically engineered cow that produces
human Abs [21]. The only immediate available antibody
is human convalescent sera; however, many preparatory
methods will be available soon (Fig. 2). The number of
likely and potential donors is directly proportional to the
number of recovered individuals. The effectiveness of pas-
sive antibodies is more for prophylaxis than for disease
treatment. The antibody therapy is efficient when injected
just after the appearance of signs and symptoms. The causes
for temporary differences in effectiveness are not known
properly but passive immunization works by viral neutral-
ization [22], the antibody also works by modification of
initial inflammatory responses [23]. The passive antibody
therapy was found effective for pneumococcal pneumonia,

when administered immediately just after the appearance
of signs and symptoms, the antibody is found non-effective
when administered after 3 days of onset of symptoms [24].
The effectiveness of antibody also depends on its amount
to be administered. The administered antibody circulates
in the blood of susceptible person and when reach tissues
it initiates protection against infection. The duration of
affectivity can last from weeks to months depending on the
antibody composition and quantity.

HISTORICAL EXAMPLES AND EVIDENCES WITH
THE USE OF PASSIVE IMMUNIZATION

Outbreaks of viral diseases in onset of the 20th century, con-
valescent sera were used against viral infection of measles
[25, 26], poliomyelitis [27], influenza [28], and mumps [29].
During 1918 H1N1 influenza pandemic, the convalescent
sera were found effective in lowering the mortality rate [30].
In 2009–10 H1N1 influenza pandemic, convalescent sera
were taken by apheresis and were utilize to cure individuals
required intensive care, treated individuals were noted with
reduced viral load, inflammatory responses, and mortality
[31]. In 2013,West African Ebola epidemic, patients treated
with convalescent sera showed longer survival [32], two
patients in the USA survived when cured with a combina-
tional therapy of convalescent sera and experimental drug
[33]. Convalescent sera were found effective and saved life
of many patients in the H5N1 [34, 35] and H7N9 [36]
outbreaks. Although there are differences in every viral
disease and epidemic, the important historical approaches
give evidences and will be useful to protect population that
is confronting COVID-19 pandemic.

CONVALESCENT SERA BASED PASSIVE
IMMUNIZATION AGAINST CORONAVIRUSES:
SOME FORMER EXPERIENCES

There have been two epidemics in the 21st century the
SARS-CoV-1 andMERS. The SARS epidemic is continued
but the MERS is endemic now. Due to the mortality and
unavailability of vaccine, it leads to the use of convales-
cent sera in both outbreaks. In SARS-CoV-1, epidemic
the largest study was held in Hong Kong in which 80
patients were treated with convalescent sera before day 14
and discharged from hospital before day 22 with improved
prognosis; it revealed that the early administration of con-
valescent sera is more effective than later [37]. Three SARS-
CoV-1 infected patients were treated with 500 mL of con-
valescent sera, the reduction in viral titer and mortality
were recorded [38]. Three MERS infected patients were
also treated with convalescent or passive antibody therapy,
two of them produce nAbs and remaining one not [39],
this study highlights the limitation in using of convalescent
sera it means that the recovered individual may not have
enough titer of nAbs [40]. In continuance with the above
point, in a study neutralizing antibodies were found in 87
cases out of 99 with a geometric mean titer of 1:61 that
were analyzed for the presence of neutralizing antibodies
[20]. This study suggests that some patients produce high-
titer responses or antibody decline with time. Possibility is
there for the production of non-nAbs [41–43]. In china,
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Figure 1. Innate immune responses to SARS-CoV-2.

convalescent sera were used for the treatment of COVID-
19 [44]. In other countries, trials are started on convalescent
sera. The available information on the use of convalescent

sera or passive immunization for the treatment of SARS-
CoV-2 suggests that early administration of convalescent
serum reduces viral abundance and was found safe.
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Figure 2. Mechanism of processing and injection of convalescent sera.

PASSIVE IMMUNIZATION AND CONVALESCENT
SERA DEPLOYMENT AND ITS PROPOSED USE
FOR COVID-19

Some conditions are required for the deployment of passive
immunization which are the following: (i) recovered donor
population, (ii) facilities for processing serum, (iii) facilities
for serological and virological assays, (iv) a well-established
molecular lab, (v) facilities for clinical trials, and (vi) reg-
ulatory resources. All the facilities and conditions should
be available in the area of deployment. Takeda pharmaceu-
tical company aims to isolate and prepare highly purified
antibody from convalescent serum against COVID-19 [45].
Safer and high titer of nAbs in convalescent sera are prefer-
able against COVID-19. COVID-19 recovered individuals
should be screened for viral nucleic acids of SARS-CoV-
2, if virus not detected, considered the individual for the
donation of sera. The sera must be isolated by apheresis
approach shown in Fig. 2 and scanning must be done for
possible residing pathogens in the donor sera. It should

be make sure that the sera have high titer of neutralizing
antibodies. Similarly, we do not know that what doses
would be therapeutically effective. A total of 10–40 cc doses
were used against measles for the sake of prevention [26].
On the other hand, in 1918 influenza outbreak, 100 mm of
convalescent serum was used to cure soldiers having severe
infectious diseases [46]. In past studies, convalescent sera
were found effective without knowing the antibody titer.
This makes a sense that the prophylactic doses could be
smaller than dose uses therapeutically. Convalescent sera
could be utilized for prophylaxis and to cure disease. How-
ever, it could be administered at early onset of symptoms.
Our health care providers are at high of exposure to SARS-
CoV-2; if some get infection, he/she must be quarantined
that will affect the health care system in turn. Convales-
cent serum can help to prevent SARS-CoV-2 infection if
administered to health care providers and members of the
family taking care of SARS-CoV-2 infected patients at
homes, so this may allow them to continue their health care
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Table 1. Some Proposed treatments options and their Mechanism of Action for COVID-19 [48]

Drug Classification Mechanism of action against SARS-CoV-2

Lopinavir HIV protease inhibitor Suppress coronavirus replication by binding to enzyme Mpro

Chloroquine Antimalarial Not understood

Hydroxychloroquine Antimalarial Not understood

Azithromycin Macrolide Antibacterial Inhibition of mucus hypersecretion, decreased production of

Reactive oxygen specie (ROS), accelerating neutrophil apoptosis,

and blocking the activation of nuclear transcription factor (TF).

Remdesivir Nucleoside Analogue Inhibitor of RNA-dependent RNA polymerases

Tocilizumab Interleukin-6 (IL-6) Receptor-Inhibiting

Monoclonal Antibody

Inhibits IL-6-mediated signaling by competitively binding to

both soluble and membrane-bound IL-6 receptors.

HIV, human immunodeficiency virus.

Table 2. Some under Processing Vaccines for COVID-19 [5]

Vaccine Phase Clinical trial number

DNA Phase II (NCT03721718)

Viral vector Phase I (NCT03399578, NCT03615911)

Subunit Preclinical stage Not assigned

Inactivated Preclinical stage Not assigned

Live-attenuated virus Preclinical stage Not assigned

Virus-like particles Preclinical stage Not assigned

duties. It is clear that convalescent sera prevent infection
and we are already confronting the COVID-19 pandemic.
The federal and local government institutions should start
the preparation for passive immunization immediately, as
we have no vaccine till date. Some other proposed treatment
options are shown in Tables 1 and 2.

RISKS AND BENEFITS ASSOCIATED WITH THE
USE OF CONVALESCENT SERA AND PASSIVE
IMMUNIZATION

The convalescent serum fromCOVID-19 recovered individ-
uals can be either used for prophylaxis or the treatment of
disease. Benefits in prophylaxis, the administration of con-
valescent sera can halt infection and prevent getting of dis-
ease in those individuals who are at higher risk for infection,
such as patients with intensive care or serious health condi-
tions, paramedical staff and health care providers because
of their higher exposure to COVID-19. Passive antibody
administration is already in use such as hepatitis B immune
globulin (HBIG) for hepatitis B and human rabies immune
globulin (HRIG) for rabies virus. Passive antibody is used
as a treatment in respiratory syncytial virus (RSV) infected
high-risk infants, polyclonal RSV-IG were prepared from
donors samples having high serum titers of respiratory syn-
cytial virus nAbs and given to infected individuals at higher
risk to get disease. The respiratory syncytial immunoglob-
ulin has now been replaced with palivizumab, a humanized
murine monoclonal antibody. Convalescent sera therapy
would be utilize in clinical infection to reduce the rate of
mortality and to eliminate signs and symptoms. Controlled
clinical trial would be perform to evaluate the efficacy
of these approaches. Historical experiences suggest that

antibody administration showmore effectiveness in preven-
tion from infections rather than treatment of diseases [28].
Risks of passive immunization are known and theoretical.
Known risks are associated with blood transfusion, which
includes pathogens in blood, non-compatibility of blood
groups and immunological disturbance such as serum sick-
ness. Modern techniques of blood screening reduce the
chances of infection, non-compatibility of blood groups
and serum sickness. The theoretical risk includes antibody-
dependent enhancement phenomena. Antibody-dependent
enhancement (ADE) involves the enhancement of disease
due to the presence of certain antibodies it occurs in certain
viral diseases. There is a theoretical approach for coro-
naviruses that Abs to one type could enhance infection
to other strain of coronavirus. As proposed for MERS
the risk of Ab-dependent enhancement of SARS-CoV-2
may be possible experimentally [45]. The proposed use of
passive immunization for SARS-CoV-2 and minimizing of
ADE would depend on its composition and preparations,
having high quantity of nAbs against it. Evidences are
there that the use of convalescent antibodies in infected
individuals with SARS-CoV-1 and the Middle East respi-
ratory syndrome [47], an anecdotal evidence is there from
utilizing of convalescent serum in 245 patients infected with
SARS-CoV-2 [44] suggests it is safe. Attenuation of immune
responses is another theoretical risk, antibody administra-
tion to SARS-CoV-2 exposed individuals to prevent dis-
ease, and it leads such individuals susceptible to reinfec-
tion. Passive antibody administration before vaccination
with RSV was reported to attenuate antibody mediated or
humoral immunity rather than cellular or cell mediated
immunity [47]. It could be investigated by the assessment
of immune responses of SARS-CoV-2 exposed individuals
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and convalescent sera treated individuals in clinical trials.
If the risk exists, the patients could be immunized against
COVID-19 as the vaccine get at hand. Historical experi-
ences and current available information suggest that passive
immunization is safe for COVID-19 patients at higher risk
and elderly people with chronic diseases. However, for all
cases, convalescent serum therapy and its administration
are considered a risk–benefit assessment.

CONCLUSION
• The innate immune-mediated antiviral responses
against coronavirus greatly rely on downstream cascade
mechanisms of type 1 interferon, increase, and decrease
in total blood neutrophils and lymphocytes.

• Pro-inflammatory storm IL-2, IL-7, IL-10, G-CSF, IP-
10, MCP-1, MIP-1A, and TNFα in severe infected
patients of COVID-19 may initiate viral sepsis and
inflammatory-induced lung injury, which results in
acute respiratory distress syndrome, pneumonitis,
respiratory failure, shock, multiple organ failure,
and eventually death. The innate immune responses
are stronger in young age individuals than old age;
therefore, the severity and fatality is more in aged
individuals > 57 years.

• The fatality is also associatedwith chronic diseases. His-
torical precedents and former experiences with the use
of convalescent sera proved its prophylactic and thera-
peutic efficacy. The convalescent sera are more effective
when administered just after the onset of symptoms.

• The neutralizing antibody titer must be higher to cope
with the virus. The convalescent sera are the safe and
proved way to tackle SARS-CoV-2. However, a large
number of recovered patients and expertise are required.

• Local and federal governments are advised to start
immediate trials on this type of treatment because we
have no vaccine yet.
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