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One of the most important questions of the COVID-19 debate is: Can people
who were already infected be re-infected? The answer will have far-reaching
consequences, not only for medicine, but also for politics and the global
economy as well.

A �erce debate is raging in the scienti�c community about whether people that
have been infected with SARS-CoV-2 acquire lasting immunity against re-infection.
SARS-CoV-2 is a new virus in the coronavirus family of bat viruses, and humans
have no pre-existing immunity. Experience with other viruses shows that following
infection, most people, if not all, develop an antibody response that can last months
to years in many cases. This natural antibody response is considered a good
starting point to design and develop a vaccine. But is it?
 
Politicians around the world are paying close attention to ongoing studies of
immunity because the socio-economic consequences of future scienti�c results
may be immense. If, for example, 50 percent of a nation’s population were shown to
have acquired immunity, and this immunity was longer term, this would certainly
shape the debate about when and how to reopen this nation’s economy. Then,
there is the question of what kind of vaccine will be developed: one that requires
seasonal vaccination like in�uenza, or one that delivers lifelong protection?
 
What we know about the antibodies so far
 
According to a study by Quan-xin Long from the research group of Ai-long Huang of
the Chongqing Medical University, more that 80 percent of SARS-CoV-2-infected
individuals either seroconvert for IgG antibodies or had a four-fold rise in IgG
antibodies against either the nucleocapsid or the spike protein or both. Antibodies
against the spike protein, in particular against the so-called Receptor Binding
Domain (RBD) on the spike protein, are considered the main targets of virus
neutralizing antibodies. Most scientists in the �eld consider neutralizing antibodies
(NAbs) a key prerequisite for protection against coronaviruses like the one we are
currently dealing with.
 
NAbs have the capacity to block viral infection of susceptible cells in the lab, and
such functional antibodies have been shown to protect against infection by many
viruses in animal models. While numerous in-vitro studies of SARS-CoV-2 have been
conducted, the development of animal models for the virus are still in very early
stages. A team at Erasmus University in the Netherlands led by Bart Haagmans
showed that serum IgG antibodies to the spike were strongly associated with the
virus-neutralizing ability of the same sera; and a growing number of monoclonal
antibodies that bind to the RBD of the virus have been recovered from infected
individuals and described. Of course, there is more to immunity than antibodies,
but using the spike protein inducing NAbs might be one way to make a SARS-CoV-2
vaccine.
 
Natural immunity is not a given
 
One observation is that people with a higher viral load, who often present with
severe disease, react with the highest titers of spike antibodies and NAbs. The next
question is if NAbs protect against the spike or the RBD protect against reinfection?
We do not yet know how many neutralizing epitopes the spike contains and if
binding to each of these epitopes or combinations of binding antibodies confer
more or less protection in animal models. We will need to closely monitor
previously infected individuals as the pandemic progresses.  
 
Because of the lack of immunity data on SARS-CoV-2, the next question is: To what
coronavirus can we compare the current pandemic virus? There are two schools of
thought. One likens the natural history and the pathogenesis of SARS-CoV-2 to the
human coronaviruses causing a cold; the other to SARS and MERS, both causing
serious pneumonia and respiratory distress. If you compare the current virus
causing COVID-19 to the four human coronaviruses that cause cold-like illnesses of
the upper respiratory tract, natural immunity, at least in the longer term, is not a
given. In the 1990s, David Tyrrell of the MRC Common Cold Unit in the UK
experimentally challenged 15 volunteers with the human coronavirus 229E. Ten of
the participants got infected, and eight had symptoms of a cold. Six of the nine who
were challenged again a year later became infection for a second time. In all of
these cases, the antibody titer dropped signi�cantly in that year, indicating a
threshold above which you might be protected and below which you are
susceptible to the virus again.
 
Increased investment and e�ort should be placed into
research to answer the key questions of immunity
 
Another experiment was done with the human coronavirus, HCOV-NL63, a virus
discovered by the Dutch scientist Lia van der Hoek of the University of Amsterdam.
This virus, unlike 229E, utilizes the same receptor (ACE2) to enter cells as SARS-CoV-
2 and is associated with a cold-like disease in young children. The genetically stable
HCOV-NL63 causes seasonal epidemics in 2-year cycles, suggesting that immunity
does not last longer than two years. Taken together, these data suggest that re-
infection occurs with human coronaviruses that infect particularly the upper
respiratory tract. 
 
This contrasts substantially with SARS-CoV-2, SARS, and MERS, which target more
speci�cally the lower respiratory tract, often causing severe disease. Seventeen
years after the original 2003 SARS epidemic, SARS has not returned. The case for
MERS is di�erent. Following the original epidemic in 2012, MERS caused regular
yearly outbreaks in the region, mostly in Saudi Arabia, and small outbreaks at
distant locations such as in South Korea in 2015. Recently, a study from China
showed that SARS-COV antibodies are still detectable 12 years after the study
subjects were infected, but the titers of IgG antibodies drop precipitously at a
constant rate over the years.
 
Based on what we know of other similar viruses, it is fair to say that IgG antibodies
after natural infection likely protect against re-infection as long as the functional
antibody titers remain high enough, however it  is  unknown what the cut-o� is
between protective and non-protective titers. Understanding immunity to SARS-
CoV-2 will be vitally important to mitigating the mid- to long-term public health and
economic impacts of the COVID-19 pandemic.  As such, increased investment and
e�ort should be placed into research to answer these key questions.

Spotlight

Just two months into the COVID-19 pandemic, China’s CanSino Bio is already starting human testing of a
recombinant vaccine. (Photo: CanSino Bio)

The Power of Platforms  
As the COVID-19 pandemic unfolds, scientists are working not just against the virus
and the clock, but also to change a century-old vaccine development
paradigm  where most candidates fail and development often takes more than a
decade. Increasingly, they are turning to a platform approach that has helped bring
�ve vaccine candidates to human testing in less than four months (See COVID-19 in
Numbers).
 
A vaccine platform is essentially a core technology that  serves as a common
backbone for vaccines against a range of diseases by inserting genetic material or
proteins from a speci�c pathogen.  Common platform technologies include DNA,
mRNA, replicating and nonreplicating vectors, and virus-like particles. Once
established, these platforms can be rapidly modi�ed to target a desired pathogen
with minimal changes in  chemistry and manufacturing  helping to simplify the
regulatory process and eliminate years and complexity from traditional
development timelines. Furthermore, as platforms often  engage the immune
system in di�erent ways,  they can help improve the chances of success by
expanding avenues for mobilizing the immune system.
 
For speed in early development, a vaccine platform cannot be matched. Ongoing
technical improvements have allowed developers to steadily reduce the time
between the initial viral sequence to launch of Phase I testing in humans, going
from 20 months in the 2003 SARs outbreak, to just over  three months in the 2016
Zika outbreak, to two months in the COVID-19 pandemic, achieved by two
companies Moderna and CanSino Biologics. 

Moderna’s mRNA platform delivers genetic fragments of SARS-COV-2 to
human cells instructing them to produce immune responses against the
pathogen. This approach has been applied to everything from cancer to Zika
vaccines, though none has yet been approved for licensure.
CanSino Biologics  uses a adenovirus vector platform that modi�es the  virus
which causes the common cold to carry key structural genes from SARS-COV-
2. Adenovirus vectors have been used for a number of vaccines such as
Ebola, come in a variety of forms, and are considered very promising. Using
this approach,  Oxford University  recently entered Phase 1 trials for a COVID
vaccine,  and J&J announced a billion dollar collaboration with BARDA  to
leverage this technology.  

Vaccine development remains an unpredictable process, yet  scientists through
innovations like platform technologies are beginning to change a century-old
paradigm and bring hope that an e�ective COVID-19 will arrive sooner rather than
later. 
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Must Read

The following articles cover important research around coronavirus immunity. This
research has potential implications for vaccine design, therapeutic development as
well as new ways to diagnose infection.

Guo et al. show in their preprint article that  IgG antibodies to SARS-CoV can
persist for at least 12 years, as seen in a long-term prospective cohort of
healthcare workers infected during the 2002/3 outbreak.  This study may
provide valuable information to interpret the durability of antibodies against 
SARS-CoV-2.
A pre-print article Weisz et al. introduces the concept of ‘shield
immunity'  which utilizes serological testing to identify recovered individuals
with protective antibodies to SARS-CoV-2 who are then deployed to essential
sectors of society.  Used in parallel with social distancing, shield immunity
may reduce the length and overall burden of an outbreak.
Adamik et al. conclude that a herd immunity strategy for COVID-19 is likely to
fail in a pre-print study looking at simulations at Germany and Poland. 
In their preprint modeling study, Lourenco et al. highlight the urgent need for
serological tests to identify individuals susceptible, infected and recovered
from COVID-19, and underscore the need for rapid assessment and scaling of
tests to inform policy measures like social distancing. 
In a 2016 article, Netea et al. describe the phenomenon of ‘trained immunity,’
where  innate immunity is modulated by previous pathogenic
exposure. Trained immunity may o�er potential novel approaches for curbing
SAR-COV-2 infections including the use of the existing BCG vaccine.
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COVID-19 in Numbers

COVID-19 Vaccine Candidates by Platform/Type

Data Source: WHO, ClinicalTrials.gov, smartpharmtx.com, investors.translate.bio, israb.se, upi.com
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