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ABSTRACT

Background: Antibody dependent enhancement (ADE) is a unique immunopathological
phenomenon in which pre-existing immunity to a viral agent accentuate disease severity
upon secondary exposure. Multiple viruses have been shown to demsotrate ADE with no
clear understanding of the underlying mechansims. Recently, with the emeregence of Se-
ver acute respiratory syndrome-2 (SARS-CoV2) and the need for rapid vaccine prodcution,
ADE have emerged as an important issue that need to be assessed. Objective: The aim of
this study was to review ADE, proposed mechanisms and impact of ADE in the era of rapid
SARS-CoV2 vaccine production. Methods: Review of existing published literature on ADE
and SARS-CoV2 and identify facts that support or otherwise contradict the impact of ADE
on SARS-CoV2 vaccination. Results: SARS-CoV2 demonstrate high genetic homology to
other members of the Coronaviridae viral family and animal studies and studies on SARS-
CoV, another member of the Coronaviridae have been shown to induce ADE. In addition sev-
er SARS-CoV2 infection have been associated with high antibody titer. Yet vaccine efficacy
studies and studies on breakthrough infection showed reduced severity in individual with
preexisting immunity Conclusion: Although evidence exist to support ADE in SARS-CoV2,
multiple studies do not support its occurrence, indicating the need for more case control
studies to understand the role of high antibody titer and disease severity and compare
disease severity in patient with preexisting immunity vs naive individuals.
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1. ANTIBODY DEPENDENT ENHANCEMENT (ADE)

Antibody dependent enhancement (ADE) is a unique immunopathologi-
cal phenomenon, described as early as 1964 (1), in which the presence of
non-neutralizing antibodies to a viral agent leads to enhancement of viral
replication upon secondary exposure to the virus. This phenomenon requires
sensitization to the viral agent by either previous infection with antigenically
similar virus, active or passive vaccination. ADE has been associated with
production of suboptimal level of neutralizing antibody or production of an-
tibodies with reduced specificity of binding which, instead of neutralizing the
virus, cause enhancement of infectivity, increase viral production and incre-
ase severity of disease.

Following viral infection, multiple arms of the immune system is activa-
ted including cellular and humoral immunity. Antibody production occur
following clonal activation of B cells leading to production of polyclonal anti-
bodies directed against multiple viral epitopes. Some antibodies are neutra-
lizing while other are not. On the other hand, vaccination which can be done
using whole live attenuated viral vaccine, whole killed inactivated vaccine,
subunit vaccine, viral vector vaccine and the most recent mRNA vaccine will
not be as effective in producing wide spectrum of antibodies and mostly used
to produce a specific neutralizing antibody. Yet selection and preparation
of the vaccine need to preserve the conformational antigenic structure and
must be evaluated for their efficacy in producing optimal level of neutralizing
antibodies. In addition, vaccines must be assessed for their abilities to produ-
ce disease enhancing antibodies which can detrimental.

2. MECHANISM OF ADE

Multiple mechanisms have been proposed to explain ADE including IgG
and IgM antibody-enhanced entry to macrophage and subsequent replica-
tion via Fc receptors, enhancement of C1q complement activation by anti-
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body-antigen complexes, induction of conformational
changes and affinity to co-receptors and inhibition of
antiviral cellular response via inhibition of gene expre-
ssion (2, 3). Antibodies represent a vital component in
mediating these changes, and therefore they are called
antibody dependent enhancement. Furthermore, anti-
bodies and Fc receptors need to be of the same phyloge-
netic class in order to interact together as original stu-
dies on fowls antisera against a number of arboviruses
induces ADE only in chick embryo cell and not in mouse
or rabbit derived cells (1, 4)

In addition, disease enhancement can be explained
by broadening the type of cells targeted by the virus via
facilitating entry through Fc receptors and complement
receptors available on wider range of cells such as the
complement mediated entry of parvovirus B19 in to
endothelial cells not harboring blood group P antigen
commonly targeted by the virus (5)

Two types of ADE have been described, intrinsic and
extrinsic. Intrinsic type is caused by enhanced internali-
zation of macrophage tropic virus into the macrophage
following Fc receptor binding and phagocytosis leading
to inhibition of innate immune response and IL-10 pro-
duction and increased viral production. Extrinsic ADE,
on the other hand, is associated with increased phago-
cytosis of virus-antibody complexes and increased num-
ber of virally infected cells (5-7).

Multiple virus families have been associated with ADE
in human and animals including Flaviviridae, Retrovi-
ridae, paramyxoviridae, and Cornonaviridae (table.1).
One of the best studies models of ADE is dengue he-
morrhagic syndrome/ dengue shock syndrome (DHF/
DSS) seen in patients with secondary infection with he-
terologous dengue virus infection, due to the presence
of non-neutralizing antibody (8). Yet its crucial to know
that not all secondary dengue infection are associated
with DHF/DSS, it is only reported in 0.5-2% of the ca-
ses. In addition children who received whole inactivated
measle or RSV virus demonstrated more sever disease
upon exposure to the agent, due to conformational dif-
ference between the vaccine and the virus inducing non-
-neutralizing antibodies, in comparison to children with
past natural infection (9). These conformational chan-
ges affect innate immune response via interference with
toll-like receptor stimulation and dendritic cell activa-
tion (10) . yet this enhancement is not seen with other
whole inactivated vaccines. Furthermore, influenza tri-
valent inactivated vaccine (2008-2009) was observed to
be associated with increased risk of medically attended
HINI infection(11) and extrinsic ADE was suggested by
the increased number of infected cell rather that increa-
sed viral load in cells treated with human sera (12)

These viruses share some features in that they are
RNA enveloped viruses. In fact, disease enhancing an-
tibodies has been linked to surface antigen such as en-
velope glycoproteins but not internal antigens (13). On
the other hand, enhancement in not seen in all patients
and therefore critical analysis of the evidence to support
or otherwise defer the argument is essential. This review
will focus on discussing coronavirus associated ADE in
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the era of rapid vaccine development to combat the CO-
VID-19 (Coronavirus disease 2019) pandemic.

3. ADE AND SARS-COV2

Coronaviridae is a viral family of enveloped single-
-stranded RNA viruses characterized by a large geno-
me. The family is subdivided in to Coronavirinae and
Torovirinea subfamilies. Coronavirinae, which include
human pathogens, is further subclassified in to four
genera: alpha, beta, gamma, and delta which include a
number of respiratory and enteric viruses. Majority of
human infections caused by coronaviruses are mild with
the exception of Sever acute respiratory syndrome cau-
sed by (SARS-CoV), Middle East respiratory syndrome
caused by (MERS-CoV) and more recently Sever acute
respiratory syndrome-2 (SARS-CoV2) (18). Despite ye-
ars of research for MERS-CoV and SARS-CoV vaccine,
an efficient and safe vaccine was not produced (19). This
can be partly explained by the reduced need to produ-
ce vaccines for diseases with limited geographical dis-
tribution, but more studies are needed to clarify the
challenges faced. Genetic homology of coronaviruses
and associated antibody cross reactivity among different
members of the family, raises concerns about possibility
of disease enhancement by antibodies directed against
a specific coronavirus upon exposure to other members
of the family. This phenomenon is well described for the
four dengue viruses, in which infection with one seroty-
pe, leads to enhanced disease severity during infection
with another serotype (16). In addition, children born
with low titer maternal antibody to dengue develop den-
gue hemorrhagic fever (20). Furthermore, studies have
shown that Zika virus, another member of the Flavivi-
ridae, can induce ADE in patient with previous dengue
virus infection (16).

What support ADE in SARS-COV2?

SARS-CoV, MERS-CoV, and SARS-CoV2 demonstra-
te 82-90% sequence homology (21). Antibodies directed
against SARS-CoV2 cross react with SARS-CoV but not
MERS-CoV, yet these antibodies were non neutralizing
(22, 23). Furthermore, adaptive immune response in
the form of reactive CD4 cells were detected in patients
with no prior history of SARS-CoV2 infection sugges-
ting cross reactivity with circulating coronaviruses (24).
This antigenic similarity between the three most viru-
lent coronaviruses and the presence of non-neutralizing
antibodies raises concern of enhancement of infection
by other coronaviruses.

Multiple in vitro and in vivo studies supported the
possibility of ADE in coronaviruses infection in both
animals and humans. In cats, vaccination against feline
coronavirus with recombinant spike protein vaccine was
associated with sever disease (25). Furthermore, studies
on SARS-CoV recombinant vaccine in rodents showed
that prior vaccination facilitated the entry of SARS-CoV
to non ACE-2 (angiotensin converting enzyme-2) bea-
ring immune B cells, therefore expanding the types of
cell targeted by the virus (26). This means antibodies can
facilitate the uptake of viruses into new types of cells not
bearing the virus receptors allowing more cells to be in-
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fected. Although the impact of this broader targets was
not linked directly to disease enhancement in human, it
could facilitate our understanding of the immunopatho-
logical changes seen in sever SARS-CoV infection and
other respiratory viruses.

Furthermore, in human, COVID19 is found to be less
sever in pediatric age group indicating key role of the
immune system in the pathogenesis of sever disease(27)

In addition, studies on the association of SARS-COV2
antibody titer and disease severity indicated that disease
severity was directly related to high total anti-spike pro-
tein antibodies (28, 29), and that high IgG is detected in
patient with critical illness (30). furthermore, IgM anti-
bodies level was higher in sever COVID-19 in compari-
son to mild COVID-19 (22, 23). One study on 113 pati-
ent found direct association between high anti-receptor
binding domain (RBD) antibodies and disease severity
(31). Another study on 10 children with multisystem in-
flammatory disease (MIS-C), a serious complication of
COVID-19, demonstrated that anti-RBD was significa-
ntly higher in MIS-C than in children with COVID-19,
Kawasaki disease and controls (p value <0.001)(32). in
comparison with dengue virus enhancement, which is
one of the most wildly studied model of ADE, high ne-
utralizing antibody titers were actually associated with
disease protection and ADE were observed in a narrow
range of antibody titer (33, 34)

What is against ADE in SARS-COV2?

Despite multiple studies suggesting possible role of
ADE in sever SARS-COV?2 infection and post-vaccina-
tion, one study in UK demonstrated that administration
of convalescent sera to COVID19 patient was safe with
no evidence of ADE, yet no control group was inclu-
ded in the study (35). Studies on breakthrough infecti-
ons among individual who received COVID-19 vaccine
showed that most cases are asymptomatic or mild di-
sease with few persistence infection (36, 37) and case
control studies showed that disease severity, and hospi-
talization is less in vaccinated versus unvaccinated (38,
39). Thus, neither previous infection, not active/passive
immunization against SARS-CoV2 have been shown to
be directly associated with enhanced disease severity in
human.

4. CONCLUSION

Coronaviruses have demonstrated the ability to indu-
ce antibody enhanced infection in animals and in-vivo
and with the emergence of novel coronaviruses, and the
need for vaccines, assessment of the safety and efficacy
of the vaccine is needed. Although multiple studies have
correlated high SAR-CoV2 antibody titer with severity,
the role of these antibodies in disease enhancement have
not been explained. Furthermore, high neutralizing an-
tibody titer have always been correlated with protection
in other virus models and the need to better characterize
the types and role of these SARS-CoV2 high antibodies
is highly needed. Studies on breakthrough infections did
not support the possibility of ADE nor does studies on
the use of monoclonal antibodies. Further studies the-
refore are needed to characterize the role of high anti-

REVIEW | MED ARCH. 2022 OCT; 76(5): 383-386

bodies titer in sever COVID-19 and further explore the
immunopathological basis of severe illness.
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