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Is antibody-dependent enhancement playing a
role in COVID-19 pathogenesis?
Negro Francesco
Divisions of Gastroenterology and Hepatology and of Clinical Pathology, University Hospitals, Geneva, Switzerland

The pathogenesis of COVID-19 is currently believed to
proceed via both directly cytotoxic and immune-mediated
mechanisms [1]. An additional mechanism facilitating viral cell entry and subsequent damage may involve the
so-called antibody-dependent enhancement (ADE). ADE
is a very well-known cascade of events whereby viruses
may infect susceptible cells via interaction between virions
complexed with antibodies or complement components
and, respectively, Fc or complement receptors, leading to
the amplification of their replication [2] (fig. 1). This phenomenon is of enormous relevance not only for the understanding of viral pathogenesis, but also for developing antiviral strategies, notably vaccines.

Role of ADE in human infections: the example
of Dengue
ADE was initially reported for a variety of members of
the Flaviviridae family, and formally proven in an in vitro

experimental model of West Nile fever virus infection by
blocking the Fc receptors with anti-FcRIgG or their Fab
fragments [3]. Subsequently, ADE was observed in vitro
for an ever-growing number of human and animal viral infections, including the human immunodeficiency virus and
the Ebola virus, although the clinical impact of these findings remains in most cases unclear [2]. At least one human
infection, the Dengue fever, stands out, however, owing to
its significant consequences on vaccination programmes.
The Dengue virus is a flavivirus transmitted to humans
by female mosquitoes of the Aedes type. Clinical manifestations include fever, headache, vomiting, arthromyalgias and skin rash. Severe forms are referred to as Dengue
haemorrhagic fever and Dengue shock syndrome, mostly
affecting the youth. The Dengue fever concerns tropical
countries and is the most frequent human arbovirus disease
worldwide, with 100 million new infections and 40,000
deaths annually [4]. There are four serotypes of Dengue

Figure 1: Schematic representation of antibody-dependent enhancement as reported for the Dengue virus (DV). Virions are recognised by
heterotypic antibodies from a previous infection. Complexes bind then to the Fcγ receptor on the surface of macrophages, and internalized.
DV replication leads to an increased viral load and a functional switch of macrophages towards a proinflammatory cytokine secretory profile.
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virus, all eliciting protective immunity. However, although
homotypic protection is long-lasting, cross-neutralising antibodies against different serotypes are short-lived and may
last only up to 2 years [5]. In Dengue fever, reinfection
with a different serotype runs a more severe course when
the protective antibody titre wanes. Here, non-neutralising
antibodies take over neutralising ones, bind to Dengue virions, and these complexes mediate the infection of phagocytic cells via interaction with the Fc receptor, in a typical
ADE. In other words, heterotypic antibodies at subneutralising titres account for ADE in persons infected with a
serotype of Dengue virus that is different from the first infection. Cross-reactive neutralising antibodies are associated with decreased odds of symptomatic secondary infection, and the higher the titre of such antibodies following
the primary infection, the longer the delay to symptomatic
secondary infection, as shown in a paediatric cohort from
Nicaragua [6]. Indeed, in the same cohort, these same authors noticed a protection against all Dengue diseases
when antibody titres were elevated, but at the same time
the hazard of severe Dengue fever forms (both Dengue
haemorrhagic fever and shock syndrome) increased by
about 8 times in children with lower levels of antibodies
[7]. In a more recent work, the authors showed also that the
viral load at presentation and the odds of a severe course of
disease were higher in persons with low/intermediate titres
of antibodies elicited by a previous Dengue infection, and
vice versa, confirming previous data from a children cohort
from Thailand [8] and thus providing an additional, elegant
supporting evidence of ADE in Dengue fever [9]. The most
worrisome aspect of this phenomenon was observed during
the Dengue vaccine development. Efficacy trials in Asia
and Latin America led to the licensing of the first recombinant, live, attenuated, tetravalent Dengue vaccine in 2015
[10]. Its safety became a focus of scrutiny when follow-up
data were published. The rate of hospitalisation for Dengue
in year 3 for children who were 9 years old or younger
was higher in vaccine recipients than among controls, although the numbers were small [11]. The likely explanation for these occurrences was that vaccination was mimicking a primary infection, and that waning of immunity may
have exposed some children to the risk of ADE in the event
of secondary infection. A post hoc analysis of efficacy trials, using an anti-nonstructural protein 1 immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA)
to distinguish antibodies elicited by wild-type infection
from those following vaccination, showed that the vaccine
was able to protect against severe Dengue those who had
been exposed to the natural infection before vaccination,
and that the risk of severe clinical outcome was increased
among seronegative persons [12]. Based on this, a Strategic Advisor Group of Experts convened by World Health
Organization (WHO) concluded that only Dengue seropositive persons should be vaccinated whenever Dengue control programmes are planned that include vaccination [10].
Furthermore, the vaccine is not indicated for children under the age of 9 years.

ADE in coronavirus infections
The feline infectious peritonitis virus (FIPV) is a highly
virulent variant of feline coronavirus, an alphacoronavirus
that is highly prevalent in both wild and domestic cats [13].
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Immunisation against FIPV paradoxically increases the
disease severity [14]. In vitro infection of macrophages by
FIPV can be enhanced by non-neutralising monoclonal antibodies against the spike viral protein, and this phenomenon may occur even with highly diluted neutralising antibodies, whereas pretreatment with protein A prevents the
enhancement [15]. In addition, as many as 50% of cats passively immunised with anti-FIPV antibodies develop peritonitis when challenged with the same FIPV serotype [16].
An attenuated virus vaccine is currently available in several countries for intranasal delivery, but its use is still
deemed controversial by some experts, both in terms of
safety and efficacy.
ADE has been reported also for a human coronavirus infection, severe acute respiratory syndrome (SARS). Antibodies elicited by a SARS-CoV vaccine [17] enhanced
infection of B cell lines in spite of protective responses
in the hamster model. The mechanism was later shown
to be dependent on the expression of the Fcγ receptor II,
and it is interesting to remark that virion cell uptake did
not use the endosomal/lysosomal pathway exploited by the
angiotensin 1 converting enzyme 2 (ACE2)-based mechanism [18]. These results were confirmed using a HL-CZ
human promonocyte cell line. Here, infection with SARSCoV was neutralised by concentrated antisera against the
spike protein, but higher dilutions not only failed to prevent infection, but even facilitated it and induced higher
levels of apoptosis. Conversely, anti-nucleocapsid antibodies did not exert any effect − they neither neutralised infection nor caused viral ADE. Again, HL-CZ cells were
shown to express both ACE2 and Fcγ receptors [19]. Another troublesome FcγR-associated phenomenon observed
in a macaque model of SARS is the skewing of the woundhealing response in lung-infiltrating macrophages towards
a proinflammatory profile concomitant with the appearance of anti-spike IgG [20]. The same authors reported
similar observations in patients deceased of SARS. Thus,
the interaction with Fc receptors of anti-SARS-CoV antibodies complexed with virions may lead to both an enhancement of viral cell entry and replication, and a clinically impactful modulation of the local cytokine response.

Is there a role for ADE in COVID-19?
ADE has been proposed to account for the severity also
of COVID-19 cases initially observed in China compared
with other regions of the world [21]. In particular, it was
suggested that prior infection with other coronaviruses,
from the agents of the common cold to the SARS-CoV,
may have primed COVID-19 patients, predisposing them
to the development of severe disease once infected with
SARS-CoV-2. Although severe cases of COVID-19 have
later been reported from all over the world, the above hypothesis cannot be completed dismissed. Cross-reactivity
of antibodies against the spike protein of SARS-CoV-2 and
SARS-CoV is common, and some preliminary data claim
that they seem to be rarely cross-neutralising [22]. Priming may also occur with other bat coronaviruses, on the assumption that the recent spillover has occurred previously,
albeit in a clinically silent form, and appropriate serosurveys may address this point in the future. If occurring in
COVID-19 patients, ADE may account for some severe
outcomes occurring later during the natural course of the
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disease. The protean clinical features that seem to be associated with autopsy reports should probably be investigated, since the expression of Fc receptors is widespread
in nonimmune cells, including intestinal epithelial, kidney
and endothelial cells [23–26]. On the other hand, ADE
may affect safety and efficacy of passive and active immunisation schedules. A recent work reported the development of neutralising antibodies in most patients recovered
from mild COVID-19 [27]: since patients with progression
to a severe course were not studied, it was impossible to
establish an association between this humoral response and
disease. The authors cautioned that the variability of neutralising antibody development may raise a concern about
their role on disease progression. Nonetheless, the use of
convalescent plasma has been encouraged and reported recently in a prospective study of 10 patients with severe
COVID-19 [28]. In this uncontrolled trial, the administration of plasma containing high titres of SARS-CoV-2 neutralising antibodies was shown to be effective on several
clinical, biochemical and radiological parameters, in parallel with a prompt viral suppression. Importantly, no severe adverse effects were observed. Wider implementation
of this approach should however be conducted with caution. On the other hand, the need for rapid development of
a COVID-19 vaccine has been literally met with a worldwide race among dozens of research teams [29]. However, it has been stressed that a hasty development of such
vaccines may be risky [30], and that only rigorous research
can lead to a safe and effective management of the current
pandemic.
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