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Introduction

The adaptive resilience of humans has gone beyond 
the usual due to the appearance of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). The synergistic 
epidemic has more extensive ranges than a coronavirus 
disease. SARS-CoV-2 has crumbled the world’s lifestyle 
from research exceptionalism to conspiracy theories. The 
airborne transmission of the virus and its ability to spread 
from asymptomatic individuals have been underestimated. 
While researchers and governments struggle to find 
more efficient treatments and suitable epidemiological 
surveillance systems, the virus has taken advantage of 
such disparity in criteria to unleash chaos. SARS-CoV-2 
has already mutated thousands of times and seems to be 
here to stay. In retrospect, evidence for the failure of the 
classical epidemiological perspective as the only way to 
address this issue is overwhelming. Scientists realized that 
much remains unknown about SARS-CoV-2 (1). The road 
ahead is, therefore, challenging.

The ability of SARS-CoV-2 to adapt and re-establish 
infection in patients has caused periodic outbreaks. 
The virus has severely damaged the environment and 
political, social, economic, and cultural development (2). 
People’s well-being deteriorates because of uncertainty, 
confinement, poverty, financial crisis, social or traditional 
media misinformation, stressors, and inadequate care 
for comorbidities (3). One solution to curb the spread of 
coronaviruses involves behavioral science, community 
engagement, and social discipline, coupled with an ethical 

and multidisciplinary scientific vision without borders. 
This approach allows the coronavirus to be socially 
contextualized (4). 

Research teams have been working to create effective 
vaccines against the virus due to the severity of the 
pandemic, with a focus on the spike (S) protein of SARS-
CoV-2, which is essential for virus-cell absorption. To meet 
the demands of this pandemic, new plant-based platforms 
have arisen in addition to the conventional technologies 
used for generating medications or vaccines as an effective 
approach for bulk production. (5–7). Tobacco, potato, 
and turnip are models of plants employed in producing 
vaccines (5). For example, the production of virus-
like particles (VLPs) formed by the Hepatitis E virus in 
Nicotiana benthamiana was carried out, resulting in high 
levels of Hepatitis E-specific serum antibodies in VLPs 
immunized mice (8). Similarly, N. benthamiana produced 
hemagglutinin antigens from seasonal influenza viruses, 
which induced high serum HI antibody responses (9).

Various strategies for transient expression systems to 
produce VLPs by plants as an alternative to SARS-CoV-2 
treatments have been reported. In this context, in 2022, 
Jung et al. studied the expression of the native version of 
the S protein of SARS-CoV-2 in Nicotiana benthamiana 
and evaluated the resulting VLPs (10). They reported 
significant levels of VLPs when the S protein is expressed 
in the absence of E and M proteins; interestingly, this 
protein S was recognized by antibodies in human sera 
from convalescent patients. These results suggested that 
the protein S expressed in plants presented biological 
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characteristics like the parent virus. Similarly, other studies 
have been carried out using N. benthamiana to express the 
receptor binding domain of the S protein (11,12). Here, the 
perspective of recombinant antibodies is argued in light of 
facing the SARS-CoV-2 syndemic. 

The immunologists’ perspective 

Albeit more research has yet to be conducted, it is 
known that antibodies can inhibit the S1 domain binding 
to angiotensin-converting enzyme 2 (ACE2)/ ACE 
enzyme complex, which leads to therapeutic alternatives. 
Also, envelope (E), membrane (M), and nucleocapsid (N) 
proteins are potential targets. Bamlanivimab illustrates 
the successful use of Immunoglobulin G (IgG) against 
the Spike (S) glycoprotein of SARS-CoV-2. Recombinant 
antibodies (rAb) arise from B cells and antibodies of 
convalescent patients. Intravenous Immunoglobulin 
(IVIG) used to address SARS-CoV-2 has shown the 
drawback of only partially protecting patients. However, 
IVIG can be beneficial in preventing and decreasing the 
viral burden (13). Therefore, the current epidemic situation 
requires original approaches to face uncertainty.

The role of antibodies 

Unfortunately, the role of the antibodies in treating 
SARS-CoV-2 remains uncertain. The antibody response 
is affected by ethnicity, gender, age, virus variations, 
comorbidities, waning immunity, and infection severity. 
Notably, adult patients with serious COVID-19 (even those 
dying) exhibit high viral loads and high titers of antibodies 
to SARS-CoV-2 (14,15). Contrariwise, other patients with 
documented COVID-19 have low antibody production but 
mild or moderate symptoms or are asymptomatic (16–18). 
Likewise, children are generally less severely affected 
than adults and present lower antibody levels (19,20).

Similarly, the levels of specific neutralizing antibodies 
do not necessarily mirror protection against the severity of 
the infection. Therefore, these findings put doubts about 
the protective role of humoral immunity. On the other hand, 
other reports suggest that a robust T-cell response may 
benefit COVID-19 patients (21,22). Thus, these apparent 
inconsistencies in neutralizing antibody titers could be 
attributed to T cell responses to SARS-CoV-2 under 
diverse host and viral risk factors. Also, the antibodies 
produced for specific epitopes revealed antibody-
dependent enhancement. Antibodies wane in long-term 
or chronic COVID-19 patients but are advantageous for 
immunodeficient individuals. This outcome underscored 
the significance of the T-cell assay for SARS-CoV-2 (23).

Antibiotics are vital in infection control, therapeutic 
design, or adjuvant therapy. In the case of monoclonal 
(mAbs) and polyclonal (pAbs) antibody therapy for 
COVID-19, the main benefit implies reducing viral load, 
hospitalizations, and deaths. Despite this therapy’s low 
risks, adverse injection and infusion-related reactions are 
the most common side effects. A study in vitro revealed 
that a human mAb neutralizes SARS-CoV-2 and SARS-
CoV (24). The ability to cross-neutralize the virus is 
related to the antibody (47D11) binding a conserved 
epitope on the spike receptor binding domain (RBD) by 
an independent receptor-binding inhibition mechanism. 
Interestingly, therapeutic antibodies failed to recognize 

new SARS-CoV-2 variants, so flow cytometry-based novel 
mAb binding assays have been developed to neutralize 
emerging threats (25).

Furthermore, antibodies show limitations such as 
size, stability, and possible immunogenicity. A promising 
alternative to avoid these disadvantages is using 
nanobodies, which are variable domains of camelid heavy 
chain-only antibodies (26). Nanobodies presented low 
immunogenicity and high specificity and were obtained 
easier and lower cost than conventional antibodies. Huo et 
al. reported using four nanobodies with affinity to the RBD 
domain of the spike protein of SARS-CoV-2 (27). Their 
preliminary results evaluated one of these engineered 
nanobodies in Golden Syrian hamsters inoculated with 
SARS-CoV-2, observing that those treated with 4 mg/kg 
of the nanobody presented a reduced pulmonary infection 
than those without treatment. In addition, the treatment 
induced a strong macrophage response.

Discussion

mAbs have helped treat a number of diseases, and 
the FDA permitted them to be used as a therapy for 
SARS-CoV-2 (23). Thus, the urgency of producing more 
therapeutic options on a massive scale has focused on 
repositioning indoor farms into biomanufacturing facilities 
(28–30), the utility platform: Nicotiana benthamiana. The 
agroinfiltration technique in Nicotiana benthamiana has 
allowed the production of two anti-SARS-CoV-2 mAbs on 
a pilot scale (CR3022 and nanobody 72), with a production 
capacity of grams in an estimated time of 6 weeks. CR3022 
antibody is an ScFv-Fc IgG1 (VL-Linker-VH) with a size 
of 56.2 kDa and targets RBD (SARS-CoV and SARS-
CoV-2), and nanobody 72 is a VHH-Fc IgG1 with a size 
of 43.3 kDa and also targets RBD (SARS-CoV and SARS-
CoV-2) with neutralizing activity (31). The authors cloned 
and assembled the antibodies using the GoldenBraid 
assembly system (32) and improved cloning prediction 
using the Codon Optimization Tool (Integrated DNA 
Technologies). The Codon Optimization Tool rebalances 
codon usage for a sequence from one species to that of 
the organism chosen for expression based on a codon 
sampling strategy in which the reading frame is recorded 
based on the frequencies of each codon’s usage in the 
new organism. The prediction is strengthened because the 
algorithm eliminates codons with less than 10% frequency 
and re-normalizes the remaining frequencies to 100%, 
removing the presence of repeats, hairpins, and extreme 
GC content (31). However, it appears that mAbs are not 
sufficiently successful regarding hospital admissions or 
mortality of patients with COVID-19 (33).

On the other hand, encouraging results have been 
recently revealed from rAb research. The use of universal 
libraries has allowed the generation of antibodies from 
only healthy human donors in an easy, quick, and efficient 
strategy (34)—these SARS-CoV-2 neutralizing human 
rAbs bind to the receptor-binding domain (RBD)-ACE2 
interface. Also, recombinant hyperimmune globulins have 
been generated from various B-cell repertoires from the 
rAb molecular genomics strategy (35). Hyperimmune 
globulins offer immediate defense against the disease (but 
in the short term). These are usually obtained from newly 
vaccinated people or immunizing animals; however, this 
method exhibits some drawbacks, including impurities, 
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manuscript writing. 
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allergic reactions, and low potency. In the method 
described by Keating et al., B cells from mice or donors are 
processed in a microfluidic platform, and light and heavy 
chain immunoglobulin sequences are bonded to create 
antibody repertoires (35). As a result, these repertoires are 
mass-produced into constructs for full-length expression. 
The full-length antibody expression constructs are then 
site-directedly and stably inserted into Chinese hamster 
ovary (CHO) cells. The scientists claim that this method 
combines the benefits of plasma-derived antibodies with 
the advantages of rAbs (purity, consistency, and potency, 
and efficacy). Therefore, the research on B cells receptor 
sequencing combined with target–ligand blocking is critical 
for discovering more efficient neutralizing antibodies (36). 

In hindsight, the rAb are detected more easily than 
mAbs and are produced using coding genes. It can be 
obtained from plants with rapid scale-up and reduced 
animal experiments. The rAb can be harnessed to create 
models of targeted and fast responses to future pathogens 
(SARS-CoV-2 variants). Furthermore, the upcoming 
rAb biotechnology is likely linked to mammalian cells, 
but it may also involve conjugating the antibodies 
with nanoparticles or biomatrixes to create therapeutic 
biomolecules. Therefore, it is tempting to speculate that 
using rAbs may prove crucial, feasible, and helpful in 
facing the SARS-CoV-2 syndemic over time. In this 
context, since the vaccine-induced antibodies appear to 
wane out, the concomitant use of rAb therapy and SARS-
CoV-2 vaccine boosters could be efficacious in preventing 
severe cases of COVID-19 in this “new normal” syndemic 
stage.

Conclusions

In conclusion, from the routes reviewed, the most 
appropriate appears to consider any variant as a new viral 
infection contextualized in each social environment and 
perform large-scale antigen and viral screening, followed 
by a vaccine boost combined with rAb adjuvant therapy. 
In only three months, the hyperimmune globulins method 
engages high neutralizing activity against SARS-CoV-2. 
Therefore, it is the most promising rAb method considering 
potency, reduction of the manufacturing timeframe, and 
sample readiness.
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