
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Contents lists available at ScienceDirect

Medical Hypotheses

journal homepage: www.elsevier.com/locate/mehy

Neutralizing antibodies mediate virus-immune pathology of COVID-19
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A B S T R A C T

SARS-CoV-2 is a novel beta-coronavirus causing over 200.000 lethal cases within six months of first infecting humans. SARS-CoV-2 causes COVID-19, a form of severe
acute respiratory syndrome (SARS). COVID-19 is characterized by two phases: the first resembles the flu with pneumonia, but after about seven or eight days the
disease suddenly worsens to a sepsis-like syndrome. It is difficult to explain this virus-immune-pathology sequence from virology or immunology only. This paper
hypothesizes that host-produced anti-spike protein antibodies are responsible for immune-induced viral dissemination. Subsequently, systemic distribution of virus-
antibodies complexes activates the immune pathology observed in severe COVID-19.

This hypothesis may be counterintuitive to immunologist that consider many anti-spike antibodies to be virus-neutralizing antibodies. Although anti-spike
antibodies may hinder infection of epithelial cells, antibody binding to the spike protein may facilitate virus infection of myeloid leukocytes. If myeloid leukocytes
reenter the circulation, they could spread the virus from a locoregional infection to a systemic disease. Disseminated virus in combination with antibodies results in
dispersed virus-antibody complexes that overstimulate the immune system.

The hypothesis aligns with the sequences of virus, immune and pathological events in COVID-19. The delay in onset from both syndromes results from an immune
system still naïve to the non-cross-reactive spike protein. Details of this hypothesis are in concordance with many clinical characteristics of COVID-19, including its
predominant lethality for the elderly, and the mostly asymptomatic course of disease in children. It predicts putative detrimental effects of vaccines that induce virus-
neutralizing antibodies against the spike protein, as has been shown for other coronaviruses.

This hypothesis has consequences for treatment of patients, evaluation of personal and herd immunity and vaccine development. In patients, cellular immunity
should be stimulated. Neutralizing antibodies might not be indicative for immunity. Vaccines should aim to stimulate cellular immunity COVID-19 and/or stimulate
humoral immunity against viral proteins except for the immunodominant spike protein.

Introduction

SARS-hCoV-2 (SARS-2) is a zoonotic beta-coronavirus that emerged
from bats, probably through an intermediate host, and should now be
considered as a serious human pathogen [1]. Human beta-cor-
onaviruses consists of three lineages. The A-lineage contains HCoV-
OC43 and HCoV-HKU1, two causative agents of the common cold. The
C-lineage contains MERS-CoV, a virus of zoonotic origin that caused a
severe disease in humans with 800 fatalities in 2500 cases in Saudi
Arabia from 2012. SARS-2 belongs to the B-lineage, and is most related
to SARS-CoV, the causative agent for SARS. SARS caused 800 fatalities
in 8000 cases in South-China in 2002–2003.

SARS-2 is a rapidly spreading pandemic virus infecting over 3.4
million people, causing a novel disease (COVID-19). COVID-19 has a
mortality of over 240 thousand people worldwide within half a year of
infecting the first human [2]. Thus the disease is rightfully considered a
severe pandemic by the WHO. The pathogenesis of COVID-19, and
especially its sudden immune-mediated disease aggravation, is only
partially understood. Improved understanding of the mechanisms
might help to improve medical intervention to achieve a relevant re-
duction in mortality and morbidity per case.

From a clinical perspective COVID-19 appears to be the sequence of
two syndromes. After the incubation period, a serious pneumonia-like
disease might develop. In a later stage, about 7–8 days after onset of the
disease, some patients suffer from a serious local and systemic immune
response, e.g. a form of sepsis. Physicians have great difficulties in
predicting and controlling disease progression. The clinical deteriora-
tion is often fatal and has strong an immunological component [3].
However it is unclear why and how suddenly a severe systemic immune
activation would be triggered [4].

Simple virologic and immunologic mechanisms of disease fail to
explain the delayed progression of disease and other observations, in-
cluding the sequence of events, epidemiologic data, observed differ-
ences in disease severity and immunological parameters. Based on in-
tegration of virologic and immunologic mechanisms, this paper
proposes an integrated model for a virus-immune-pathology sequence.

Virology shows that coronaviruses have four essential structural
proteins: the spike (S), the nucleocapsid (N), the membrane (M), and
the envelope (E) protein. Coronaviruses infect new cells after binding of
their spike protein to a target cell. The spike protein is at the outside of
the virus, dominant for antibody responses [5]. Many antibodies
against the spike protein are neutralizing antibodies which prevent
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virus infection of epithelial cells. These neutralizing antibodies are
considered crucial in immunological protection against SARS-2 [6].

The spike protein is the site of major antigenic variation and has low
amino acid sequence homology between coronaviruses. From an im-
munological and evolutionary perspective, cross-reactivity between
epitopes of the spike protein of different coronaviruses is extremely
unlikely. Thus each host should be regarded as immunologically naïve
with respect to neutralizing antibodies against the spike protein. Other
structural proteins and the RNA directed RNA polymerase are more
likely to yield cross-reactive immune responses resulting from other
coronavirus infections [7]. The appearance of antibodies is delayed
compared to the onset of first clinical symptoms [8]. Its timing seems to
coincidence with the extravagation of the disease. Merging these im-
munological events with known virological mechanisms in the se-
quence of the pathology gave rise to the hypothesis of this paper.

Outline of the hypothesis

SARS-CoV-2 probably has an easy and efficient entry in the human
body, like in nasal epithelial cells [10] as has been suggested by its very
high reproduction number, i.e. R0 between 4.7 and 6.6 [9]. During this
asymptomatic phase, local virus production will yield increase in-
tranasal virus titres. After some days, the virus may spread regionally to
the lung causing the symptomatic pneumonia (see Fig. 1).

When the host has generated SARS-CoV-2 spike-protein-specific IgG
antibodies, FcγRII-mediated antibody-dependent infection of human
macrophages may occur. This antibody-dependent infection has been
described for the spike protein of similar beta-coronaviruses, i.e. SARS-
CoV-1 [11,12] and MERS [13]. The FcγRII receptor is widely expressed
on myeloid leukocytes. Infected myeloid cells might return to circula-
tion in the peripheral blood and transport the virus to distant organs of
the host. Thus, antibodies directed against the SARS-2 spike protein
could cause viremia and disseminate virus particles through the whole
host.

In various organs of the body some cells express the ACE2 receptor
[10], where the virus might replicate after transportation by myeloid
immune cells. At the dispersed locations throughout the body, anti-
virus-virus immune complexes could activate the innate immune
system by compliment activation, binding to platelets, or by binding to
myeloid immune cells. This would cause disseminated inflammation
and thrombosis, as a systemic disease with a major impact on the lungs,
i.e. the main site of virus replication.

Evaluation of the hypothesis

Integrating virology and immunology allows the explanation of a
sudden unexpected increase in disease severity of COVID-19. A central
role for neutralizing antibodies has been suggested.

Patients with agammaglobulinemia lack B lymphocytes and anti-
bodies, and they are vulnerable to many infections that could be re-
solved by antibodies. In contrast to the expectations yielded by their
immunodeficiency, these patients have only a mild form of COVID-19,
indicating the detrimental role of antibodies in COVID-19 [14]. Studies
with a feline coronavirus causing infectious peritonitis, showed de-
creased survival after vaccination related to antibody-mediated en-
hancement of infection [22].

Immune cross reactivity

The spike protein has very limited amino acid homology between
coronaviruses [15], making cross-reactivity for anti-spike antibodies
between viruses highly unlikely. In serological assays cross-reactivity
between anti-SARS-2 and other corona-virus antibodies shows up. Most
likely this cross-reactivity could be attributed to other virus proteins,
that have an amino acid homology that is high enough to allow im-
munological cross reactivity. This could be the viral RNA polymerase or
structural proteins like the nucleocapsid, the membrane protein and the
envelope protein. Although these antibodies may not directly neutralize
the virus, they may synergize with the innate immune to eliminate viral
particles.

Many beta-coronaviruses cause frequent infections like the common
cold, and especially in children [16,17]. Research on SARS infection,
showed that T-cell immunity remained for at least ten years post in-
fection, while antibodies are lost within two years [18,19]. If some
antibodies and cytotoxic T lymphocytes against other beta-cor-
onaviruses might cross react against SARS-2, these would not include
immune responses against the spike protein. Such non-neutralizing
antibodies might offer some protection in children and others that have
recently encountered a common cold coronavirus.

Cellular immunity

Neutralizing IgG antibodies can prevent virus infection of epithelial
cells, by blocking the spike protein in its entry though the ACE2 re-
ceptor. But anti-spike antibodies might also be the mediators of

Fig. 1. Hypothesis of virus-immune pathology of
COVID-19. Sequence of events. 1. SARS-CoV-2
infects nasal epithelial cells to produce virus ti-
tres. 2. The virus spreads locoregional to infect
the lungs. 3. When antivirus antibodies are pre-
sent, antibody-dependent infected myeloid leu-
kocytes could transport the virus through the
lymph and blood circulation, resulting in a dis-
seminated infection. 4. Disseminated virus-anti-
body complexes results in amplification of acti-
vation cycles of the complement system, innate
immune cells and cytokines resulting in systemic
immune pathogenesis. Because of high virus ti-
tres in the lungs, this will also result in sever
acute respiratory syndrome. 5. The alternative
route would be effective clearance of the virus
by cytotoxic T lymphocytes (and/or antibodies
devoid of the capability to induce antibody-de-
pendent infection).
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antibody-dependent infections of myeloid leukocytes. In a study, neu-
tralizing antibody titres correlated negatively with blood lymphocyte
counts and positively with blood CRP levels in COVID-19 patients. This
suggests that the humoral response might play an important role when
cellular response was dysfunction or impaired [20]. It yields the un-
expected conclusion that stimulating cellular immunity might avoid
immune overstimulation.

Virus infections cause antibody responses and cytotoxic T lympho-
cytes. Both immune responses have been reported to be important for
virus clearance of the related SARS-CoV-1. Cytotoxic T lymphocytes can
eliminate infected cells by recognizing viral peptides in MHC I (HLA)
context. Killing the cells that produce new virus particles would effec-
tively avoiding virus release. Elderly people have decreased cellular
immunity [21]. Most likely their immune responses shift towards an-
tibody-mediated immunity to eliminate virus particles. The proposed
hypothesis would predict that elderly would suffer more often from the
lethal form of COVID-19.

Consequences of the hypothesis

This hypothesis considers virus neutralizing antibodies to be not
beneficial but even detrimental for COVID-19 patients. Such a view has
major consequences for the strategy against COVID-19 regarding
therapy of patients, evaluation of personal and herd immunity, and for
the development of SARS-2 vaccines.

Firstly, viral diseases are cured by antigen-specific immunity of the
patients. Because of the dangerous side effects of neutralizing anti-
bodies, stimulating cellular immunity seems like a wise strategy. In
elderly and other patients with diminished immune functions cellular
immunity might be stimulated using vitamin D or low doses of inter-
leukin-2 (IL-2). Restoring normal levels of vitamin D could be crucial
for the elderly to restored their immune functions [23,24]. Indeed, vi-
tamin D3 supplementation has been advised for respiratory RNA virus
infections [25,26]. Cellular immunity could also be boosted by sub-
cutaneous application of low dose IL-2 in the early stages of disease, as
has been shown for other viruses like HIV [27], and the DNA and RNA
viruses causing hepatitis B and C, respectively [28].

Secondly, antibodies after a COVID-19 infection might be no more
than an epiphenomenon that might occur in the development of anti-
virus immunity. The SARS-2 virus would be eliminated by successful
cellular immune responses. Antibody titres might be associated more
with disease severity than with immunological efficacy. Thus patients
that recovered a low or asymptomatic COVID-19 infection might have
low or even no neutralizing antibodies [29]. This would be a contra-
indication for the the approach to measure antibodies to indicate per-
sonal or herd immunity against SARS-2. The WHO correctly stated that
“no study has evaluated whether the presence of antibodies to SARS-
CoV-2 confers immunity to subsequent infection by this virus in hu-
mans” [30].”

Lastly, this hypothesis implies rethinking our vaccine strategy
against the SARS-2 virus. Default vaccination wisdom says: the spike,
nucleocapsid and membrane protein are most abundant in SARS [31]
and akin SARS-2 and thus should be incorporated in the vaccine. In-
jecting inactivated viruses or viral proteins would mainly trigger anti-
body responses. Since antibodies against the viral spike protein might
be detrimental, immune responses might be triggered to other viral
proteins. The nucleocapsid [32] and the membrane protein are also
immunodominant for antibodies, and these could be a good candidate
for a vaccine.

Alternatively, vaccination could focus at cellular immunity, as has
been done against other coronaviruses, like SARS [33]. Cellular im-
munity builds on antigen processing in the context of MHC class I and
II. This facilitated by protein production within an infected cell, but
some cross-priming of dendritic cells may occur. In vaccine technology,
this would imply strategies that allow vaccine RNA transcription in the
host. That would imply strategies like attenuated viruses or genetically

modified vaccines, i.e. conditionally infectious vectors, DNA or RNA
vaccines. A cytotoxic T lymphocyte response could be induced by
structural or non-structural virus proteins, as has been shown in the
immunity to SARS [19,34].
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