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Abstract

Background: It  is  common  knowledge  that  vaccination  has  improved  our  life  quality  and
expectancy since it  succeeded in achieving almost eradication of several  diseases including
chickenpox  (varicella),  diphtheria,  hepatitis  A  and  B,  measles,  meningococcal,  mumps,
pneumococcal, polio, rotavirus, rubella, tetanus and whooping cough (pertussis) Vaccination
success is based on vaccine induction of neutralizing antibodies that help fight the infection
(e.g. by a virus), preventing the disease. Conversely, Antibody-dependent enhancement (ADE)
of a viral infection occurs when anti-viral antibodies facilitate viral entry into host cells and
enhance viral  infection in these cells.  ADE has been previously studied in Dengue and HIV
viruses and explains why a second infection with Dengue can be lethal. As already reviewed in
Part I and Part II, SARS-Cov-2 shares with HIV not only 4 sequences  in the Spike protein but
also the capacity to attack the immune system.
Objective: As HIV presents ADE, we wondered whether this was also the case regarding SARS-
CoV-2. 
Methods: A literature review was done through Google.
Results: SARS-CoV-2 presents ADE. As SARS, which does not have the 4 HIV-like inserts, has
the same property, ADE would not be driven by the HIV-like spike sequences. 
Conclusions:  ADE can explain  the  failure  of  herd  immunity-based  strategies  and  will  also
probably  hamper  anti-SARS-CoV-2  vaccine  development.  As  reviewed  in  Part  I,  there
fortunately  are  promising  therapeutic  strategies  for  COVID-19,  which  should  be  further
developed.  In  the  meantime,  complementary  countermeasures  to  protect  mainly  the  youth
from this infection are presented to be discussed in Part V Viewpoint. 

Keywords: 
SARS-COV-2; COVID-19; coronavirus; systemic persistent infection; immune system; antibody-
dependent  enhancement;  herd  immunity;  vaccine;  babies,  children,  youth  and  future
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Introduction

As it is clearly expressed in the Centers of Disease Control and Prevention (CDC) , there are
“14 diseases you almost forgot about”.  In fact, vaccination has improved our life quality and
expectancy since it  succeeded in achieving almost eradication of several  diseases including
chickenpox  (varicella),  diphtheria,  hepatitis  A  and  B,  measles,  meningococcal,  mumps,
pneumococcal, polio, rotavirus, rubella, tetanus and whooping cough (pertussis). Vaccination
success is based on vaccine induction of neutralizing antibodies that help fight the infection
(e.g. by a virus), preventing the disease. Conversely, Antibody-dependent enhancement (ADE)
of a viral infection occurs when anti-viral antibodies facilitate viral entry into host cells and
enhance viral infection in these cells. 

Methods

This review has been directed by key questions and does not intend to be exhaustive. In an
emergency context,  we have just advanced in reading just as far as reaching the necessary
information to answer specific questions. Thus, we may be unfair and we apologize to non-
cited scientists who have done important contributions to the field. 

This review is atypical since information sources have included not only scientific peer-
reviewed  journals  but  selected  webpages.  Most  searches  were  carried  in  English  through
Google, using combined clue words. Due to a problem regarding Google School indexing system,
webpages are identified in the text instead of being included as references. Due to the same
problem, in an attempt to overcome indexing this indexing issue, we decided to fragment in
Parts I-V the original, extensive manuscript.

Results 

1. Antibody- dependent enhancement (ADE) of SARS-CoV infection resembles Dengue and HIV, for
which an effective vaccine was never designed.

ADE has been previously studied in Dengue and HIV viruses  [1]. For example, it is well-
known that a second infection with Dengue can be lethal. For these viral infections, vaccines
have  never  been  successfully  designed.  A  dengue  vaccine,  Dengvaxia®  (CYD-TDV)  was
developed  by  Sanofi  Pasteur,  licensed  in  December  2015  and  was  approved  by  regulatory
authorities  in  ~20  countries.  In  November  2017,  the  results  of  an  additional  analysis  to
retrospectively determine serostatus at the time of vaccination were released.  The analysis
showed that the subset of trial participants who were inferred to be seronegative at the time of
first vaccination had a higher risk of more severe dengue and hospitalizations compared to
unvaccinated participants. At present, only people who do already have anti-dengue antibodies
are vaccinated because if they already have them, the vaccine does not increase their likelihood
of a worse outcome. This breathtaking information was extracted on May 29 th from a WHO
webpage entitled “Dengue and severe dengue”. 

After  SARS-CoV  outbreak in  2003,  NIH provided  financial  support  through a  2  million
dollars project running in the period 2005-2010 in Beijing (1U01AI061092-01). The aim of the
project  was  the  development  of  a  peptide-based  vaccine.  It  was  very  ambitious,  including
combinatorial  synthesis  of  an  overlapped  peptide  library,  identification  of  B-  and  T-cell
epitopes  directly,  selection  of  neutralizing  antigens  and  immunization  of  animals.  1938
individual peptides (10 aminoacids in length) would be synthesized to cover potential human
immune-recognizing domains of SARS-CoV-2 spike glycoprotein (S),  membrane protein (M),
envelope protein (E) and nucleocapsid protein (N). After individual and combinational testing,
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the  plan  did  also  involve  the  conjugation  of  multiple  pre-selected  antigens  onto  a  protein
carrier to maximize immunogenicity and animal tests of the presumed vaccine. The result of
this  project  was  a  paper  published  in  2016  (after  11  years  of  intense  work)  entitled:
“Inmmunodominant  SARS  Coronavirus  Epitopes  in  Humans  Elicited  both  Enhancing  and
Neutralizing Effects on Infection in Non-Human Primates” [2]. In this work, the authors literally
declare that “evidence of antibody-dependent enhancement (ADE) of coronavirus infection in
vitro and in non-human primates clouds the prospects of a safe vaccine”. Vaccine candidates
included DNA, a live attenuated strain, inactivated whole virions, and vector vaccines. Safety
concerns about a SARS-CoV-2 vaccine have been raised. Evidence of ADE includes antisera from
SARs patients,  ADE in other coronavirus infections,  and ADE by inactivated SARS-CoV 2 in
rhesus macaques. Other works have also added evidence demonstrating the existence of ADE in
human  MERS-CoV  [1] and  SARS-CoV  [3] and  ADE  mechanisms  are  just  beginning  to  be
unraveled.

Antibody titers of convalescent COVID-19 patients are variable, from 1:32 to higher than
1:160. However, patients in intensive care units (ICU) can have high anti-SARS-CoV-2 antibody
titers, such as 1:640  [4]. A recent indispensable work from a multidisciplinary group in the
University of Zurich, entitled “Systemic and mucosal antibody secretion specific to SARS-CoV-2
during  mild  versus  severe  COVID-19”  has  been  recently  posted  as  a  pre-print.  Among  a
plethora  of  data  and  comparisons,  it  should  be  noted  that  independently  of  age  and
comorbidities, unlike mildly affected patients, the ones with severe COVID-19 showed a highly
significant increase of SARS-CoV-2-specific serum IgA and IgG titers since symptom onset [5].
The work evidences a correlation that poses the question if a weaker infection may lead to
milder symptoms and to lower immunoglobulin levels. Alternatively, if antibodies are infection-
enhancing, then less antibody production could lead to less infection and milder symptoms. In
any case, even in the case neutralizing antibodies are produced during a mild infection, their
level may be low enough to be difficult to detect by standard kits (explaining kits “failures”) and
to prevent a second infection. Therefore, this is an important and interesting open issue.

A pilot study claims that convalescent plasma (CP) therapy shows a potential therapeutic
effect and low risk in the treatment of severe COVID-19 patients. Aside from the low patient
number,  the fact  that 8/10 patients were <60 years and the exclusion of cases with severe
organ dysfunction which were considered not suitable for CP transfusion, more caveats can be
identified.  For  the  (historic)  control  group  there  is  only  baseline  data.  As  CP  therapy  was
added/superimposed  to  other,  say  conventional,  therapies,  that  were  also  available  for  the
control group, a fair comparison should have included data from control patients before and
after  the  conventional  therapies.  As  no  patient  died,  the  transfusion  was  considered  safe.
Interestingly, several parameters were measured in 10 patients “before and after” CP therapy
(not explained exactly when), including oxyhemoglobin saturation (SaO2), C-reactive protein
(CRP),  total  bilirubin  (TBIL);  alanine  aminotransferase  (ALT);  aspartate  aminotransferase
(AST);  and  lymphocytes  (Lym).  Clinical  improvement  was  defined  as  temperature
normalization,  relief  of  dyspnea,  and  oxygen  saturation  normalization,  while  radiological
improvement  was  defined  as  different  degrees  of  absorption  of  lung  lesions.  Fever,  cough,
shortness of breath, and chest pain, disappeared or largely improved within 1 d to 3 d upon CP
transfusion. Thus,  all  patients were considered “improved” and some were even discharged
despite the following facts: (i) 4/10 ¨improved”patients had higher CRP levels than before CP,
indicating an ongoing increasing inflammatory response; (ii) 4/10 had quite low Lym levels
(3/10, lower than before CP); (iii) 4/10 had high TBIL, ALT or AST indicating putative liver
involvement. Moreover, anti-SARS-CoV-2 antibody titers of 7/10 patients remained unchanged,
suggesting  that  if  convalescent  serum  helps,  it  may  be  due  to  other  factors  rather  than
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antibodies  themselves  [4].  To  test  this  hypothesis,  antibodies-depleted  convalescent  serum
could be tried.  

In spite of all the ADE evidence, an amazing number of research and development groups
are devoted to vaccine development, involving live attenuated virus, inactivated viral particles,
non-replicating  viral  vectors,  replicating  viral  vectors,  recombinant  proteins,  peptide-based
vaccines, virus-like particles, DNA or RNA approaches [6,7]. For example, a recent paper (May
20th)  in  the  prestigious magazine Science,  entitled “Development  of  an inactivated vaccine
candidate for SARS-CoV-2” refers to the achievement of “a partial or complete protection in
macaques against SARS-CoV-2 challenge”. Rhesus macaques are exposed to three doses of the
presumed vaccine (at days 0, 7, and 14), challenged with 106 TCID50/ml SARS-CoV-2 virus (at
day 22) and sacrificed one week later (day 29). On day 29, viral loads are fortunately lower in
these young vaccinated monkeys than in non-vaccinated ones. Safety evaluation of the vaccine
is carried out at different time points after vaccination in Macaques exposed to low dose (1.5

g  per  dose),  high dose  (6  g  per  dose)  of  PiCoVacc or  adjuvant  only  (sham) or  placebo,μ μ
apparently as a toxicity assay rather than after viral challenge (neither Figure 4 nor Figure S4
legends cite a viral challenge). Of note, this study is done with an attenuated vaccine, long-term
effects are unknown and the authors explicitly state that “the possibility of manifestation of
ADE cannot be ruled out in this study” [8].

2. The tricky invoked“solution”called Herd Immunity

A strict definition of herd immunity is: “the proportion of subjects with immunity in a given
population”. It can be measured by testing a sample of the population for the presence of the
chosen immune parameter (e.g. a specific neutralizing antibody). In turn, herd effect is “the
reduction of infection or disease in the unimmunized segment as a  result  of  immunizing a
proportion of the population”, which can be measured by quantifying the decline in incidence in
the unimmunized segment  of  a  population in  which a successful  immunization program is
instituted  [9].  The  concept  is  that  if  enough people  can't  get  the  disease  –  either  through
vaccination or  natural  immunity  –,  then even the people  who are  vulnerable  are  relatively
protected. 

The so-invoked herd immunity,  which would be herd effect if  we follow the definitions
above, is a dangerous misconception according to Johns Hopkins University experts (see: “Early
Herd Immunity against COVID-19: A Dangerous Misconception”). Gideon Meyerowitz-Katz, an
epidemiologist  at  University  of  Wollongong,  Sydney  who  also  belongs  to  the  Australian
Academy of Sciences, has written a pretty clear blog article entitled “Why Herd Immunity Won’t
Save Us From The COVID-19 Pandemic”. He reasons that COVID-19 estimated R0 is roughly 3.
With this  number,  the proportion of people who need to be infected to achieve herd effect
would be around 70% of the entire population, assuming that those who recover are carriers of
antibodies that will protect them from future infection (neutralizing antibodies). If 70% of an
entire population gets sick, as the best estimates put COVID-19 infection fatality rate at around
0.5-1.0% that means that between 0.35-0.7 % of everyone in a country could die. Although
alternative  assumptions  and  mathematical  models  lead  to  more  optimistic  simulations,
requiring lower herd immunity to achieve herd effect, none of the models takes into account
what happens if infected people do not become immunologically protected. Increased testing
will help us better understand the scope of infection, but it is clear this pandemic is still only
beginning to unfold. Even if neutralizing antibodies were produced in all infected individuals,
herd immunity is not a preventative measure. Moreover, WHO continues to review the evidence
on  antibody  responses  to  SARS-CoV-2.  Although  most  people  who  have  recovered  from
infection have antibodies to the virus,  neutralizing antibodies levels are low. As of 24 April
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2020,  no  study  has  evaluated  whether  the  presence  of  antibodies  to  SARS-CoV-2  confers
immunity to subsequent infection by this virus in humans. On June 17 th the Who webpage still
reads: “At this point in the pandemic, there is not enough evidence about the effectiveness of
antibody-mediated immunity to guarantee the accuracy of an “immunity passport” or “risk-free
certificate.” People who assume that they are immune to a second infection because they have
received a positive test result may ignore public health advice. The use of such certificates may
therefore increase the risks of continued transmission.  As new evidence becomes available,
WHO will update this scientific brief”.

Conclusions

Evidence  regarding  the  production  of  anti-SARS-CoV-2  antibodies,  its  correlation  with
symptoms, and the existence of ADE is reviewed. Interestingly, the results obtained in trials
done using COVID-19 convalescence serum do not correlate with anti-SARS antibody titers,
suggesting that other serum factors rather than antibodies may be helpful in the successful
cases.  For  this  reason,  it  would be worth trying the effects  of  antibody-depleted COVID-19
convalescence serum. 

As SARS, which does not have the 4 HIV-like inserts, presents ADE like SARS-CoV-2, ADE
would not be driven by the HIV-like spike sequences. 

ADE  can  explain  the  failure  of  herd  immunity-based  strategies  and  will  also  probably
hamper anti-SARS-CoV-2 vaccine development.  As  reviewed in Part  I,  there  fortunately are
promising  therapeutic  strategies  for  COVID-19,  which  should  be  further  developed.  In  the
meantime, complementary countermeasures to protect mainly the youth from this infection are
presented to be discussed in Part V Viewpoint. 

Fortunately, there are ways of preventing infections from spreading and avoiding getting
infected,  which  depend  both  from  governments  and  from  individual  responsibility.  These
include test to identify, isolate, contact trace, and quarantine infected people and their social
contacts. Other simple countermeasures will be suggested in Part V.
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