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Historically,  vaccine development is a high risk, long-term and costly
initiative. Nevertheless, there is hope for an unusually fast solution.

In April 1984, as the global AIDS pandemic was just heating up, US Health and
Human Services Secretary Margaret Heckler expressed hope that a vaccine against
AIDS could be produced within two years. Thirty-six years later, the world is still
searching for a safe and e�ective HIV vaccine. Today, the world is in the early phase
of the COVID-19 pandemic,  with SARS-CoV-2 more easily transmissible than HIV,
deadlier  than in�uenza, and causing signi�cant  morbidity and mortality in
vulnerable groups including  people  with  pre-existing co-morbidities, aging
populations and those living in low and middle income countries. 
 
In the best-case scenario, Dr. Anthony Fauci, director of the U.S. National Institute
of Allergy and Infectious Diseases (NIAID), predicts that a SARS-CoV-2 vaccine will
take a minimum of 18 months. Governor Andrew Cuomo of NY, who is leading the
�ght at the center of the US epidemic, reminds New Yorkers to “plan for the worst,
and hope for the best”. Which seems like sage advice, too, for global e�orts in SARS-
CoV-2 vaccine development.

Hope for the Best
 
There is certainly reason to hope for the best. At last count, at least 78 experimental
SARS-CoV-2 vaccines were in development, with �ve already in early Phase 1 human
safety testing, and several others likely to enter clinical trials in the coming
months. 

These experimental vaccines include a diversi�ed set of platforms such as live
attenuated and inactivated approaches, similar to those successfully developed for
polio and    other pathogens; recombinant protein subunits and virus-like particles
similar to those    developed for hepatitis B and human papillomaviruses; and a
spectrum of other platforms including nucleic acid (DNA and mRNA) and viral
vectors recently developed in response to global health prevention e�orts for AIDS,
TB and malaria, and peptide-based vaccines. 

The �ve candidates which have advanced to Phase 1 testing include an mRNA
vaccine encoding the viral spike (S) protein from Moderna; Adeno-type 5 vector
vaccine expressing the S protein from CanSino Biologicals; a DNA plasmid encoding
the S protein and delivered by electroporation from Inovio Pharmaceuticals; and
two cell-based approaches where antigen presenting cells are modi�ed by lentiviral
vectors to express SARS-CoV-2 genes from Shenzhen Geno-Immune Medical
Institute. 

In addition, while SARS-CoV-2 is an enveloped RNA virus that is capable of variation
via genetic mutations, it is unlike HIV, in�uenza, or hepatitis C, where extensive
hypervariability has been a major obstacle for universal vaccine development.
Protection against related coronaviruses that caused Middle Eastern Respiratory
Syndrome (MERS) and SARS has been successfully demonstrated in preclinical
animal model studies, and adaptive clinical trial designs may enable initial
assessments of vaccine e�cacy within the next 12 to 18 months. Collectively, these
studies and ongoing vaccine development e�orts provide hope for the best. 

Plan for the Worst

Historically, however, vaccine development is a high risk, long-term and costly
initiative, with less than 10 percent  of candidates in development ever achieving
licensure, and often taking more than a decade. The COVID-19 pandemic has
already highlighted signi�cant limitations in global pandemic preparedness, and
challenges for vaccine development. 
 
These include: the current lack of understanding of how to generate long-term
protective immune responses in vulnerable aging populations and those living in
low and middle income countries who have co-morbidities and weakened or sub-
optimal immune systems;  safety concerns for SARS-CoV-2 vaccines related to
potential immune enhancement or allergic in�ammation caused by T cell
immunopathology 
and the lack of an ideal animal model for comparison and prioritization of vaccine
candidates.

While the global R&D community is focused on SARS-CoV-2 vaccine development,
work is occurring in a fragmented, competitive and piecemeal fashion. The
recent  call for a Manhattan Project for COVID-19  highlights the need for greater
coordination and facilitation of global e�orts to optimize the potential for success. 

In addition to the R&D challenges, there are a number of key advocacy and policy
issues that need to be addressed in parallel, to ensure that when a vaccine is
developed it can be deployed e�ectively across the globe. This will be the topic of a
future editorial. 

In the absence of a safe and e�ective vaccine for SARS-CoV-2, e�orts continue in
the search for antiviral and immune-based therapeutics to prevent and control
severe COVID-19 disease. In the interim, our best prevention methods remain
public health diligence towards social distancing and hand washing and, yes, hope
for the best.

Spotlight

The new Human Immunomics Initiative will focus on the population particularly vulnerable to diseases like COVID-

19: Aging adults.

Protecting Aging Populations 
 
This week the Human Vaccines Project and the Harvard T.H. Chan School of Public
Health announced the creation of the Human Immunomics Initiative, a global e�ort
to determine the principles of e�ective immunity in aging populations. Integrating
systems biology, large-scale longitudinal cohorts and AI, the initiative will seek to
determine why some older adults respond e�ectively to vaccination, while others
do not. This question of immunity and aging is one of the central challenges in
vaccine design—and particularly in current COVID-19 vaccine development. 
 
Age has been identi�ed as the largest risk factor in  hospitalization,  critical
illness and death for COVID-19. E�ectively reducing global mortality and morbidity
—and rapidly ending the COVID-19 pandemic—will require protecting aging adults.
The challenge is that vaccine-induced immunity is not just a challenge for a SARs-
COV-2 vaccine, but a problem that has vexed vaccine designers in general.
 
Underlying this challenge is that the immune system declines as we age, though
this varies greatly by individual. Termed  immunosenescence, this age-related
decline is manifested in increased dysfunction across the innate and adaptive arms
of the immune system, and associated with  increased in�ammation, a condition
underlying many of the co-morbidities which heighten risk in COVID-19 disease. 
 
This aging of the immune system is associated with signi�cant increases in
morbidity and mortality across a wide range noncommunicable and infectious
diseases. In the case of seasonal in�uenza older adults make up by far the largest
portions of  hospitalizations, ICU admissions and deaths. Working to mobilize a
declining immune system, vaccines  often do not perform  as well in the  aging
populations most vulnerable to disease,  though there are some important
exceptions. 
 
Without yet understanding the immunological signatures necessary for protection
of older adults, vaccine developers have taken a number of paths to better protect
older populations. These have fallen in three categories which include 1) increasing
the dose of the vaccine (live attenuated zoster vaccine, trivalent inactivated
in�uenza, avian �u), 2) changing the route of vaccination (intradermal for  trivalent
inactivated in�uenza), and 3) vaccine adjuvants. In the case of the latter,
the Shingrix vaccine for shingles is 90% e�ective in adults over the age of 70, and
relies on a powerful adjuvant  developed by GSK. GSK along with other companies
are now making a range of adjuvants available help speed COVID-19 vaccine
development, and we will look at this topic in future issues of Spotlight.
 
As COVID-19 vaccine candidates move to clinical testing, e�cacy in older adults
most at risk for disease will be closely watched as  a key component in limiting the
impact of the current pandemic.
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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.

An article by Wrapp, D., et al. in  Science  outlines the structure of the 2019-
nCoV spike trimer. As the spike will likely be a key target for Covid-19 vaccines
and therapeutics, understanding its structure could yield important insights
for vaccine development.
An article in Cellular and Molecular Immunology by Zheng, HY et al. suggests
certain immune risk factors, including the role of T-cell immunity, are
associated with severity of COVID-19 pneumonia independent of age and
chronic aliment. 
A pre-print article by Kinfu, Y., et al. forecasts disease burden and mortality of
the Covid-19 epidemic in Africa  using a co-variate-based regression
model.  Their modeling indicates that while lower socio-economic
development might initially lead to slower transmission, the same factors will
also impede e�ective interventions.
Lynne Peeples,  writing a feature in PNAS, outlines the importance of 
understanding how the immune system interacts with potential vaccines to
avoid the risk of immune enhancement with future Covid-19 vaccine
candidates.
The World Health Organization published a Target Product Pro�le  for Covid-
19 vaccines, outlining their perspective on key  criteria for consideration as
they assess potential Covid-19 vaccine candidates.

COVID-19 in Numbers

Daily Deaths by Country
 

Data Source: FT, European Centre for Disease Prevention and Control  (April 12th 2020)
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