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Abstract: In March 2020, the WHO declared the COVID-19 disease as a pandemic disease.
There have been studies on the COVID-19 to ﬁnd a certain treatment, but yet, there is no certain
cure. In this article, we present a possible way to treat severe cases of COVID-19. Based on the
previous studies, there are similarities between the spike antigens of SARS-CoV and SARSCoV-2 viruses. It is expected that these similarities (structural and afﬁnity to the receptor of
ACE2) can lead to the same pathophysiological activity of the virus by the use of ACE2 and
FcγRII (the antibody-dependent enhancement mechanism). Therefore, we propose a way of
washing out (by plasmapheresis) the possible antibodies against the spike protein of the virus out
of patients’ plasma to stop the antibody-dependent enhancement (ADE)-mediated infection of
the immune system cells at the ﬁrst phase of the treatment and simultaneous use of the anti-ACE2
with anti-FcγRII monoclonal antibodies at the second phase. We propose these procedures for the
patients that have no signiﬁcant response for typical anti-viral, ARDS and conservative therapies,
and the disease persists or progresses despite sufﬁcient therapies.
Keywords: COVID-19, SARS-CoV-2, antibody-dependent enhancement, plasmapheresis,
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December of 2019 has become a malign month for global health by emerging
ofCOVID-19 (corona virus disease 2019), in mainland China, at present involving
many other countries by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).1–3 The WHO declared the situation as a pandemic due to the
118,000 cases reported globally in 114 countries on March 11, 2020.4
Recent studies on SARS-CoV-2 as well as past studies on the SARS-CoV virus
demonstrated that the viruses use the angiotensin-converting enzyme receptor 2
(ACE2) as a receptor (by binding to the spike protein or S protein of the virus) to
enter the cells. Also, studies have shown that SARS-CoV-2 and SARS-CoV bind with
similar afﬁnities to ACE2 with the same downstream (TMPRSS2 serine protease)
activation to priming the S protein.5–9 Hoffman et al have shown that inhibiting the S
protein of SARS-CoV-2 by the same antibodies of SARS-CoV can protect the cell
against COVID-19. The mechanism was explained by Yip et al and indicated that antispike protein antibodies were responsible for the immune system cells infection.10–12
The effector mechanisms of the immune system to some viral or bacterial pathogens
may lead to life-threatening consequences to the host. For example, the overexpression
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and release of cytokines (cytokine storm) following inﬂuenza
virus infection can increase the severity of the disease.13 Also,
it is known that several viral diseases are mediated by antibody-dependent enhancement (ADE), a mechanism in which
antiviral antibodies facilitate host cell infections (mostly nonneutralizing proteins). With this process, the virus can infect
the cells that have no typical receptor for it by intermediation
of FcR (Fc Receptor).14–16 Jaume et al have shown the pathway of FcγRII (CD32) as a novel non-ACE2 mediated endosomal/lysosomal pathway for SARS-CoV infection in
immune cells.12 Due to the similarity of the SARS-CoV and
SARS-CoV-2,17 the study of Hoffman et al, proposing the use
of TMPRSS2 Protease Inhibitor (the intracellular serine protease priming the spike-protein of SARS-CoV and SARSCoV-2), cannot respond completely in clinical trials by considering the ADE pathway of FcγRII (CD32).
The mechanism of ADE-FcγRII can also be responsible
for lymphopenia in COVID-19 patients. Also, our hypotheses
for high mortality in the older patient are the high amounts of
serum immunoglobins from other types of Coronaviridae
family,18–20 with a wide spectrum of afﬁnities, would trigger
the ADE mechanism, cytokine release syndrome, and elevated IL-6, which leads to multi-organ failure (High clinical
SOFA or Sequential Organ Failure Assessment scores in
patients).21 Therefore, it is expected that the SARS-CoV-2
virus would be covered by antibodies that have produced

against other viruses during the lifetime of the patient. Then,
the virus can use either the ADE-FcγRII pathway (mostly in
macrophages) or ACE2 pathway to enter cells by the spike
protein. Moreover, chloroquine efﬁcacy against COVID-19
may be attributed to the blocking of endocytosis dependent
virus entry to macrophages.22 However, after several months
of study on chloroquine/hydroxychloroquine efﬁcacy on
COVID-19, there are still controversies on it. Meanwhile, in
a study published by the LANCET infectious disease, it has
been indicated that after 2 weeks on symptom onset, serum
antibodies were positive for 94% for anti-NP IgG, 88% antiNP IgM, 100% for anti-RBD IgG, and 94% for anti-RBD
IgM, but still the disease was active and severe in clinical
assessment.23 So, the COVID-19 disease may not be an
ordinary viral disease that could be cured by ordinary immune
pathways (Figure 1).

Hypothesis
According to the mentioned subjects, hereby we propose
clinical treatment for severe patients. At the ﬁrst point, for
stopping the virus proliferation cycle, we must eliminate all
possible antibodies that could trigger the ADE-FcγRII pathway (endosomal/lysosomal pathway). The plasmapheresis
would be a great choice for removing the plasma contents of
cytokines, interleukins, antiviral proteins, γ-globin and antibodies, acute phase reactants, etc., with a privilege that there is

Figure 1 Cell entry and infection mechanism of SARS-CoV-2.
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no need to recognize speciﬁc low-afﬁnity different antibodies
that persist in the serum for long times. In addition to viremia
removal, this process could stop or at least delay the ARDS
Acute Respiratory Distress Syndrome injury and multi-organ
failure process.24,25 The second phase must be the simultaneous use of the anti-ACE2 with Anti-FcγRII monoclonal
antibodies (Figure 1). The reasons we emphasis on monoclonal antibodies rather than TMPRSS2 Protease Inhibitor alone
are as follows:
1. We should be certain that the downstream of the
ACE2 pathway is completely blocked and the virus
cannot use the three-dimensional molecular ACE2
as a target antigen for spike-protein.
2. ACE2 is not the only target of the virus to infect
cells. In macrophages FcγRII endosomal/lysosomal
pathway had been spotted as a great infection gap
for the immune system itself that tries to neutralize
and ingest it by antibody-mediated opsonization.
Besides, neutrophils also may use this pathway to
neutralize the virus, which plays a great role in
ARDS, alveoli injury and respiratory failure.26
The important point is that the anti-ACE2 monoclonal antibody must be against the 723 lengths
amino acid topological domain that is extracellular
(position of 18–740).27
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In addition, we should say, the plasmapheresis may cause the
patient to undergo an immuno-compromised state that might
make them susceptible to concomitant viral or other types of
infections. But there are two points that we may consider; 1.
The plasmapheresis must be used just for speciﬁc severe
cases that do not show signiﬁcant clinical response to typical
anti-viral, ARDS and conservative therapies. 2. The plasmapheresis effects minimally on the cellular immunity, but
again after the lowering the disease severity, the humoral
immunity against speciﬁc disease (due to the patient, region,
disease history, etc.) must be supported to prevent concomitant viral or other types of infections till the effect of antiACE2 with Anti-FcγRII monoclonal antibodies would be
gone and humoral immunity, reconstruct itself.
The risk for activation/inhibition of angiotensin-converting enzyme 2 must be acceptable. Because we are aiming the
3-dimensional extracellular structure of ACE2 to prevent the
virus usage of it, and typically, it should not target the enzymatic purpose of ACE2. But still, in the case of lowering the
blood pressure by inhibition of ACE2 enzyme, lower afterload for the heart with well-supported cardiopulmonary ventilation may have positive effects on the patients, especially
patients with hypertension, heart failure, etc. that are great
mortality risk factors for COVID-19.28 However, the in-vivo,
primary and preclinical studies must identify the potential
clinical risks and conﬁrm the effect of used antibodies on

Figure 2 Mechanism of plasmapheresis and monoclonal antibodies (anti-ACE2 with anti-FcγRII).
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human ACE2 (hACE2). We propose these procedures for the
patients that have no signiﬁcant response for typical antiviral, ARDS and conservative therapies and the disease
persists or progresses despite sufﬁcient therapies. In addition
to ACE2 and possible pathway of FcγRII, there are novel
proposed pathways to SARS-CoV-2 infection such as CD147
and CD209.29,30 However, more speciﬁc studies are expected
before judge about plasmapheresis and FcγRII, CD147, and
CD209 targeting (Figure 2).
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