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ABSTRACT

Antibody-dependent enhancement (ADE) is an atypical immunological paradox commonly associated
with dengue virus re-infection. However, various research models have demonstrated this phenomenon
with other viral families, including Coronaviridae. Recently, ADE in SARS-CoV-2 has emerged as one
hypothesis to explain severe clinical manifestations. Whether SARS-CoV-2 is augmented by ADE remains
undetermined and has therefore garnered criticism for the improper attribution of the phenomenon to
the pandemic. Thus, critical evaluation of ADE in SARS-CoV-2 vaccine development will be indispensable
to avoid a global setback and the erosion of public trust.

© 2020 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.

Antibody-dependent enhancement (ADE) of SARS-CoV-2 infec-
tion has recently emerged as one hypothesis to explain the severe
clinical manifestations associated with COVID-19 [1—4]. Simply
put, ADE is an immunological phenomenon whereby a previous im-
mune response to a virus can render an individual more susceptible
to a subsequent analogous infection [5]. Rather than viral recogni-
tion and clearance, the prior development of virus-specific anti-
bodies at a non-neutralizing level can facilitate viral uptake,
enhancing replication; a possible immune evasion strategy avoid-
ing intracellular innate immune sensors, or pattern recognition re-
ceptors [6,7]. Contributing to pathology, ADE can be driven by
antibody-dependent complement activation resulting in exacerba-
tion of the virus-mediated disease in the presence [8] and absence
of significantly enhanced viral replication [9,10]. ADE has been
extensively studied in flaviviruses and is associated with 90% of
Dengue virus (DENV) hemorrhagic fever and DENV shock syn-
drome cases [11]. ADE is thought to have contributed to the severity
of the Latin American Zika virus (ZIKV) epidemic via DENV sero-
cross reactivity [12,13]. Furthermore, in vivo ADE of Murray Valley
encephalitis virus has been demonstrated in mice that have been
passively immunized with Japanese encephalitis virus serum [14].

However, suggestions of ADE of COVID-19 have garnered justifi-
able criticism due to little evidence and the lack of a robust demon-
stration in animal models, as in vitro evidence for coronaviruses are
not indicative of disease pathology in the absence of ongoing and
comprehensive innate and adaptive immunity in the dish [15].
This is of course a rational and appropriate concern that spans all
in vitro research. However, in vitro research is a fundamental pre-
requisite for animal models and an ethical checkpoint. In fact,
without cell culture experiments exploring ADE in arboviruses,
we would lack a critical understanding of the fundamental molec-
ular interactions contributing to ADE. Additionally, in vivo evidence

https://doi.org/10.1016/j.micinf.2020.06.006

for ADE is not limited to flaviviruses and has been demonstrated in
coronavirus animal models as well. New Zealand white rabbits
exposed to a primary single intranasal MERS-CoV infection lacked
neutralizing antibodies, were not protected from re-infection, and
showed enhanced pulmonary inflammation [16]. The investigators
concluded that people exposed to MERS-CoV who fail to develop
neutralizing antibodies may be at an increased risk for severe
lung disease. Feline infectious peritonitis, a disease caused by coro-
naviruses, has also been enhanced by vaccines that fail to induce a
robust level of protective antibodies [17—19]. ADE of SARS-CoV has
also been described through a novel FcyRII-dependent and ACE2-
independent cell entry mechanism [20]. The authors state that
this warrants concern in the safety evaluation of any candidate hu-
man vaccines against SARS-CoV, though their intervention did offer
protection. This also illustrates that ADE is not always indicative of
disease pathology but raises concern for the immunocompromised.
It should also raise concern for the improper attribution of ADE in
the absence of robust demonstration in animal models, as clearly
articulated by Sharma recently in, “It is too soon to attribute ADE
to COVID-19” [15], which could certainly hinder the development
and/or uptake of any SARS vaccine. However, a double-
inactivated SARS-CoV vaccine has also been shown to provide
incomplete protection in aged mice and induce an increased eosin-
ophilic pro-inflammatory pulmonary response [21]. A clear demon-
stration of the importance for critically evaluating safety across
demographics.

Immunization is arguably the greatest medical advance in the
history of civilization. In the face of the COVID-19 pandemic, a vac-
cine that elicits robust SARS-CoV-2-specific neutralizing antibodies
will be the most effective way to produce herd immunity, mini-
mizing COVID-19-related deaths. We agree with Sharma [15] that
improper attribution of ADE in the absence of a robust

1286-4579/© 2020 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.
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demonstration in animal models would undoubtedly slow progress
in the development and implementation of effective vaccines
against SARS-CoV-2. However, we caution that fundamental
cellular and molecular mechanisms are ascertained through
in vitro research and should not be considered extraneous to our
understanding of COVID-19, but rather leveraged appropriately
and in context. If there is any reason to suspect ADE from a
COVID-19 vaccine, it should be met with a critical eye rather than
irrational exuberance for a fast-tracked vaccine rollout. Dengvaxia,
the first live-attenuated vaccine for DENV, was shown to protect
previously infected DENV children, but put DENV-naive individuals
at risk for disease [22,23]. This later resulted in vaccine hesitancy
and a lack of trust in public health in the region where Dengvaxia
was administered [24—26]. Clearly, vaccine administration without
time to fully understand resultant health implications would cause
an even greater global setback to the current pandemic [27]. As the
entire world sits on the edge of a knife watching the scientific com-
munity race toward a solution, delivery of a suboptimal COVID-19
vaccine would significantly contribute to erosion of public trust in
scientific pursuit and public health [24,25,27], and jeopardize the
integrity and success of immunization programs around the world,
especially in this era of mis/disinformation. As others have sug-
gested [28,29], ADE should be given full consideration when evalu-
ating the safety of any candidate SARS-CoV-2 vaccine.

Declaration of Competing Interest

The authors declare no competing interests.

Acknowledgement

We thank Brock University for support of this work.

References

[1] Peron JPS, Nakaya H. Susceptibility of the elderly to SARS-CoV-2 infection:

ACE-2 overexpression, shedding, and antibody-dependent enhancement

(ADE). Clinics (Sao Paulo) 2020;75:e1912. https://doi.org/10.6061/clinics/

2020/e1912. Online ahead of print.

Fu Y, Cheng Y, Wu Y. Understanding SARS-CoV-2-mediated inflammatory re-

sponses: from mechanisms to potential therapeutic tools. Virol Sin 2020:1—6.

Peeples L. News Feature: avoiding pitfalls in the pursuit of a COVID-19 vac-

cine. Proc Natl Acad Sci U S A 2020;117:8218-21.

Tetro JA. Is COVID-19 receiving ADE from other coronaviruses? Microb Infect

2020;22:72-3.

Tirado SMC, Yoon K-J. Antibody-dependent enhancement of virus infection

and disease. Viral Immunol 2003;16:69—86.

Khandia R, Munjal A, Dhama K, Karthik K, Tiwari R, Malik YS, et al. Modulation

of dengue/zika virus pathogenicity by antibody-dependent enhancement and

strategies to protect against enhancement in zika virus infection. Front Immu-

nol 2018;9:597.

Modhiran N, Kalayanarooj S, Ubol S. Subversion of innate defenses by the

interplay between DENV and pre-existing enhancing antibodies: TLRs

signaling collapse. PLoS Neglected Trop Dis 2010;4:e929.

Willey S, Aasa-Chapman MM, O’Farrell S, Pellegrino P, Williams I, Weiss RA,

et al. Extensive complement-dependent enhancement of HIV-1 by autologous

non-neutralising antibodies at early stages of infection. Retrovirology 2011;8:

16.

Rao GK, Prell RA, Laing ST, Burleson SCM, Nguyen A, McBride ]M, et al. In vivo

assessment of antibody-dependent enhancement of influenza B infection.

Toxicol Sci 2019;169:409—21.

[10] Monsalvo AC, Batalle JP, Lopez MF, Krause ]JC, Klemenc ], Hernandez JZ, et al.
Severe pandemic 2009 HIN1 influenza disease due to pathogenic immune
complexes. Nat Med 2011;17:195-9.

2

3

[4

[5

[6

[7

[8

[9

[11] Guabiraba R, Ryffel B. Dengue virus infection: current concepts in immune
mechanisms and lessons from murine models. Immunology 2014;141:
143-56.

[12] Bardina SV, Bunduc P, Tripathi S, Duehr ], Frere ]J, Brown JA, et al. Enhance-
ment of Zika virus pathogenesis by preexisting antiflavivirus immunity. Sci-
ence 2017;356:175—80.

[13] Dejnirattisai W, Supasa P, Wongwiwat W, Rouvinski A, Barba-Spaeth G,
Duangchinda T, et al. Dengue virus sero-cross-reactivity drives antibody-
dependent enhancement of infection with zika virus. Nat Immunol
2016;17:1102-8.

[14] Wallace MJ, Smith DW, Broom AK, Mackenzie JS, Hall RA, Shellam GR, et al.
Antibody-dependent enhancement of Murray Valley encephalitis virus viru-
lence in mice. ] Gen Virol 2003;84:1723—8.

[15] Sharma A. It is too soon to attribute ADE to COVID-19. Microb Infect
2020;22(4):158. https://doi.org/10.1016/j.micinf.2020.03.005.

[16] Houser KV, Broadbent AJ, Gretebeck L, Vogel L, Lamirande EW, Sutton T, et al.
Enhanced inflammation in New Zealand white rabbits when MERS-CoV rein-
fection occurs in the absence of neutralizing antibody. PLoS Pathog 2017;13:
e1006565.

[17] Takano T, Kawakami C, Yamada S, Satoh R, Hohdatsu T. Antibody-dependent
enhancement occurs upon re-infection with the identical serotype virus in fe-
line infectious peritonitis virus infection. ] Vet Med Sci 2008;70:1315—-21.

[18] Vennema H, de Groot R], Harbour DA, Dalderup M, Gruffydd-Jones T,
Horzinek MC, et al. Early death after feline infectious peritonitis virus chal-
lenge due to recombinant vaccinia virus immunization. ] Virol 1990;64:
1407-9.

[19] Weiss RC, Scott FW. Antibody-mediated enhancement of disease in feline in-
fectious peritonitis: comparisons with dengue hemorrhagic fever. Comp
Immunol Microbiol Infect Dis 1981;4:175—89.

[20] Kam YW, Kien F, Roberts A, Cheung YC, Lamirande EW, Vogel L, et al. Anti-
bodies against trimeric S glycoprotein protect hamsters against SARS-CoV
challenge despite their capacity to mediate FcgammaRII-dependent entry
into B cells in vitro. Vaccine 2007;25:729—40.

[21] Bolles M, Deming D, Long K, Agnihothram S, Whitmore A, Ferris M, et al. A
double-inactivated severe acute respiratory syndrome coronavirus vaccine
provides incomplete protection in mice and induces increased eosinophilic
proinflammatory pulmonary response upon challenge. ] Virol 2011;85:
12201-15.

[22] Halstead SB. Dengvaxia sensitizes seronegatives to vaccine enhanced disease
regardless of age. Vaccine 2017;35:6355—8.

[23] Santos TG. Pharma firm issues caution on use of anti-dengue vaccine. 2017.
https://technology.inquirer.net/69907 /pharma-firm-issues-caution-anti-
dengue-vaccine-sanofi-dengvaxia-vaccine-health-dengue. [Accessed 25 May
2020].

[24] Fatima K, Syed NI. Dengvaxia controversy: impact on vaccine hesitancy. ] Glob
Health 2018;8:010312.

[25] Parents still scared of govt's free vaccines a year after Dengvaxia scare. Rap-
pler; 2018. http://www.rappler.com/nation/212927-child-vaccination-rate-
philippines-as-of-september-2018. [Accessed 25 May 2020].

[26] Smith N. Philippines immunisation rates plummet amid Dengue vaccination
scare. The Telegraph; 2018. https://www.telegraph.co.uk/news/2018/02/05/
philippines-immunisation-rates-plummet-amid-dengue-vaccination/.
[Accessed 25 May 2020].

[27] Jiang S. Don’t rush to deploy COVID-19 vaccines and drugs without sufficient
safety guarantees. Nature 2020;579:321.

[28] Iwasaki A, Yang Y. The potential danger of suboptimal antibody responses in
COVID-19. Nat Rev Immunol 2020;20:1-3.

[29] Negro F. Is antibody-dependent enhancement playing a role in COVID-19
pathogenesis? Swiss Med Wkly 2020;150:w20249.

Jeremia M. Coish™*, Adam ]. MacNeil
Department of Health Sciences, Faculty of Applied Health Sciences,
Brock University, St. Catharines, Ontario, L2S 3A1, Canada

* Corresponding author.

** Corresponding author.
E-mail addresses: jc11yv@brocku.ca (J.M. Coish),
amacneil@brocku.ca (A.J. MacNeil).

8 June 2020
Available online 24 June 2020


https://doi.org/10.6061/clinics/2020/e1912
https://doi.org/10.6061/clinics/2020/e1912
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref2
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref2
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref2
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref3
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref3
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref3
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref4
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref4
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref4
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref5
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref5
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref5
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref6
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref6
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref6
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref6
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref7
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref7
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref7
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref8
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref8
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref8
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref8
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref9
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref9
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref9
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref9
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref10
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref10
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref10
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref10
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref11
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref11
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref11
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref11
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref12
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref12
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref12
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref12
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref13
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref13
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref13
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref13
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref13
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref14
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref14
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref14
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref14
https://doi.org/10.1016/j.micinf.2020.03.005
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref16
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref16
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref16
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref16
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref17
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref17
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref17
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref17
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref18
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref18
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref18
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref18
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref18
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref19
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref19
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref19
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref19
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref20
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref20
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref20
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref20
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref20
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref21
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref21
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref21
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref21
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref21
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref21
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref22
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref22
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref22
https://technology.inquirer.net/69907/pharma-firm-issues-caution-anti-dengue-vaccine-sanofi-dengvaxia-vaccine-health-dengue
https://technology.inquirer.net/69907/pharma-firm-issues-caution-anti-dengue-vaccine-sanofi-dengvaxia-vaccine-health-dengue
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref24
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref24
http://www.rappler.com/nation/212927-child-vaccination-rate-philippines-as-of-september-2018
http://www.rappler.com/nation/212927-child-vaccination-rate-philippines-as-of-september-2018
https://www.telegraph.co.uk/news/2018/02/05/philippines-immunisation-rates-plummet-amid-dengue-vaccination/
https://www.telegraph.co.uk/news/2018/02/05/philippines-immunisation-rates-plummet-amid-dengue-vaccination/
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref27
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref27
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref28
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref28
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref28
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref29
http://refhub.elsevier.com/S1286-4579(20)30124-6/sref29
mailto:mailtosouheilzayethnfcfr
mailto:mailtosouheilzayethnfcfr

