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Because an e�ective vaccine against SARS-CoV-2 is likely more than a year
away, it is crucial to study  the e�cacy of passive immunization in older
adults.

Almost four months into the COVID-19 pandemic, it is clear that   the highest risk
factor of a SARS-CoV-2 infection requiring hospitalization and ventilation is older
age.  Immune responsiveness to infection and vaccination wanes with advancing
age, and the level of responsiveness to any future SARS-CoV-2 vaccine might also
decrease with age as has been seen with in�uenza. 
 
Passive immunization with antibodies to prevent the virus from reaching the lower
respiratory tract might e�ectively prevent severe disease and death in elderly
populations. It has the advantage of being e�ective within hours, in contrast to a
vaccine that requires days. Monoclonal antibodies, single or in combination, may be
the best way to passively immunize the elderly, but the development of such a
remedy may take as much time as a vaccine to develop. As such, we should
consider the potential of hyperimmune globulins to protect the elderly.
 
How Hyperimmune Globulin Therapy Works
 
Polyclonal mixtures of antibodies, so-called immunoglobulins, are one of the oldest
and fastest routes to a treatment, but are more di�cult to standardize than
monoclonal antibodies and may vary from batch to batch. Hyperimmune globulin
preparations are made from blood plasma of people who have either recovered
from infection or have been vaccinated against infection. Ideally, the
immunoglobulins are puri�ed from pooled plasmas of donors with high titers of
protective antibodies. In practice however, the selection of donors is based on a
correlate of protection. In the case of SARS-CoV-2, this correlate is antibody binding
to the spike of the virus, speci�cally to the receptor-binding domain. 
 
For proof of concept, individual plasmas are administered to patients with
worsening disease. Convalescent anti-SARS-CoV-2 plasma is obtained from people
recovered from a con�rmed infection containing virus speci�c IgG above a certain
titer, with the threshold established either by functional tests or a viral binding
assay. Patients receive individual units of plasma, and may be early in symptomatic
infection or later in the course of infection when disease worsens. This variation
makes studies of limited power di�cult to evaluate.
 
What We Can Learn From In�uenza Studies
 
There is a long history of using convalescent plasma for the prevention and
treatment of respiratory virus infections. Convalescent plasma was used during
outbreaks of in�uenza in the 1910s and measles in the 1920s with variable success.
Although in general the experience was positive, at the time methods to measure
plasma antibody titers were non-existent and the clinical trials were not
randomized or blinded.
 
The most rigorous studies were done with in�uenza by John Beigel of the National
Institute of Allergy and Infectious Diseases in Bethesda, Maryland, and the therapy
was not shown to be e�ective.  Beigel and coworkers conducted an  open-label,
multicenter, phase 2 randomized study of 98 individuals with con�rmed in�uenza,
and showed that plasma with a minimum titer of 1:80 did not shorten the days of
hospitalization or days on ventilation. Subsequently,  the same group at NIAID
showed two years later  in a double-blind, randomized, placebo-controlled trial of
308 people that a hyperimmune globulin (FLU-IVIG) did not a�ect the course of their
infection. 
 
These studies however have several drawbacks. First, the selection of the plasmas
was based on strain-speci�c antibodies against the head of the hemagglutinin
molecule, and not on other functional antibodies such as hemagglutinin stem
antibodies, which can provide broader protection across in�uenza strains through
both neutralization and antibody-dependent cellular cytotoxicity (ADCC). Second,
the cut-o� value of the hemagglutinin antibodies may have been too low or the
product was given too late, as the entry criterium was hospitalization for a proven
in�uenza infection. Finally, the variability of both the hemagglutinin and the
neuraminidase molecules of in�uenza viruses may impair the e�cacy of plasma
therapy even more, and such therapies may be more e�ective in the context of less
variable viruses.
 
The First Results on COVID-19 Patients 
 
The �rst reports have appeared on the treatment of COVID-19 patients with
convalescent plasma. In China,  Kai Duan and coworkers describe a pilot study in
ten severe COVID-19 patients.  They infused 200mL convalescent plasma with a
neutralizing antibody titer uniformly above 1:640 on top of supportive therapy.
Clinical symptoms improved in all ten, including absorption of lung lesions in
accordance with virological improvement. This study was small, but indicates that
selection of the plasma on the basis of a relatively high titer of NAbs might be
important. 
 
Shen and coworkers reported in JAMA a study of �ve critically ill patients treated
with convalescent plasma.  The selection criteria for the plasma were an antibody
binding titer of 1:1000, but more importantly, a minimal titer of 1:40. Again, all �ve
were extremely ill when infused with 400 mL each. None of the patients died and
all improved both clinically and virologically. 
 
The third study was done by Jin Young Ahn and coworkers of Yonsei University
College of Medicine in Seoul, Korea  and concerned only two patients whose
bilateral pneumonia and acute respiratory distress syndrome improved more than
expected. No neutralization tests were available for the plasma used.
 
We Need to Study Passive Immunization in the Elderly Now
 
Given that e�ective vaccines and oral treatments are likely more than a year
away,  it is crucial to start a series of programs studying the e�cacy of passive
immunization in the elderly. These are the steps we need to take:

Establish  in animal models for SARS-CoV-2 the titer of antibodies  in
convalescent plasma and hyperimmune globulin needed to protect against
infection and disease, as well as establish the function of the antibodies
contributing to protection;
Double-blind, randomized, placebo-controlled trials of convalescent plasma
of high NAbs titers;

if the trials are successful:

Scaling up the access to convalescent plasma for larger populations of older
and vulnerable groups;
Starting to prepare hyperimmune globulin preparations available to even
larger populations and selected on high titers of NAbs;
Starting studies to move from treatment of individuals at the intensive care to
prevention of needing intensive care and/or long-stay hospitalization. 

Spotlight

In response to SARS-CoV-2, several companies are making available adjuvants that have been used in
licensed vaccines. (Credit: NIAID-RML)

Adjuvants: Adding Impact to Speed
 
While vaccines are hoped to play the starring role in ending the pandemic, it may
just be a supporting cast of adjuvants that allow these vaccines to reach their full
potential. Adjuvants can be particularly impactful in a pandemic, and in the case of
COVID-19 they may be essential, given that a  signi�cant portion of the global
vaccine portfolio  is made up of subunit vaccines that  lack the immunogenicity of
both natural infection and live attenuated vaccines. 
 
Adjuvants are additives to vaccines that enhance and modulate immune responses
by stimulating innate immunity, the immune system’s network of �rst responders.
Many adjuvants take advantage of the innate immunity’s ability to
recognize  molecular signatures which are common across many invading
pathogens  via  pattern recognition receptors  (PRRs). Activating innate immunity,
adjuvants set o� a cascade of immunological events, which  in�uence the type,
quality, and magnitude of the adaptive immune response. 
 
The most widely used adjuvant is alum mostly in the form or aluminum salts, which
has been safely used in billions of doses since the 1920s to generate enhanced
antibody responses. Despite this track record, advanced adjuvant development is
still in its relatively early stages.  Only a handful of adjuvants  have actually been
used in licensed vaccines, and the mechanisms of action for even the earliest alum-
based adjuvants  are just now being understood. Further adjuvants must be
considered in the context of each vaccine for development and licensure, and can
pose  unique safety and risk-bene�t  issues as in the case of the 2009 H1N1
pandemic vaccine. That said, the �eld of adjuvants is expanding with new classes
used to  modulate speci�c types of adaptive responses  such as  T-cell immunity,
particularly important for subunit vaccines.
 
In relation to adjuvants, vaccines can broadly be broken down into two categories:
live attenuated vaccines which essentially contain their own adjuvants, and whole-
killed, subunit or DNA/RNA vaccines which do not. Traditionally live attenuated
vaccines, have been the gold standard including measles, polio, smallpox and
yellow fever. Based on whole versions of a pathogen – including the common
molecular signatures recognized by PRRs – these vaccines essentially include their
own adjuvants, and induce immune responses nearly identical to natural infection
that is often highly e�ective and long lasting across populations.
 
In contrast,  subunit vaccines including DNA/RNA vaccines  are based on only a
targeted portion of viral proteins or genetic material. Such vaccines o�er speed of
development, but often have more limited immunogenicity, require multiple doses
and elicit shorter term immunity. In the context of pandemic, adjuvants can help
overcome the limitations of subunit vaccines in several ways:

1. Dose Sparing: When billions of doses are needed rapidly, every dose counts.
Adjuvants can play an important role in stretching limited manufacturing
capacity by reducing the required antigen in each dose.  Dose sparing has
been considered for  pandemic in�uenza  and polio eradication where
adjuvants might allow  just 10 percent  of the standard amount of antigen to
be used in each dose.  

2. More Rapid Protection:    A single shot vaccine can extend population-based
protection more rapidly, reduce costs and spare limited manufacturing
capacity. Adjuvants such GSK’s AS04 formulation have been shown to reduce
the number of doses required for immunological protection,  allowing
developers to come closer to the one shot ideal. 

3. Protecting Vulnerable Populations:  Last week we looked at the  need of
protecting vulnerable populations of older adults. Adjuvants have been
shown to improve vaccine responses in the highest risk groups for COVID-19
including  adults over 65,  immunocompromised  individuals and  those with
chronic disease. 

In response to COVID-19, several companies are making available adjuvants that
have been used in licensed vaccines including: 1) GSK (ASO3 adjuvant in
collaboration with  Sano�,  University of Queensland,  Clover
Biopharmaceuticals and Xiamen Innovax Biotech), 2) Dynavax (CpG 1018 adjuvant in
collaboration with  University of
Queensland,  Sinovac  and  Clover  Biopharmaceuticals) and 3) CSL/Seqirus (MF59
adjuvant in  an early stage collaboration  with the University of Queensland).
Numerous other groups such as the  Precision Vaccines Program  are looking to
include novel adjuvants in COVID-19 vaccines. 
 
Many initial vaccines being developed have traded speed for immunogenicity in
their response to the pandemic. Adjuvants may be able to play an important role in
helping to overcome platform limitations, and ensure more e�ective and widely
used COVID-19 vaccines.
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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.

Angkana T. Huang et al. released a  pre-print review  of antibody-mediated
immunity to coronaviruses, including SARS-CoV-2, SARS-CoV-1, MERS-CoV and
human endemic coronaviruses. Research from other coronaviruses may
provide clues to SARS-CoV-2 immunity and help guide both research and
policy-making. 
A  pre-print study by Weiskopf, D., et al.  characterizes  cellular immune
responses to SARS-CoV-2 in patients with acute respiratory distress
syndrome. Their characterization of SARS-CoV-2-speci�c CD4+ and CD8+ T-
cells demonstrates that the spike protein is a potent T-cell antigen, which will
likely be important to Covid-19 vaccine design and evaluation.
A  Correspondence piece in NEJM  details how universal screening for
pregnant women delivering at two hospitals in NYC resulted in a 13.7 percent
positivity rate for SARS-CoV-2 (87.9 percent asymptomatic).  While
generalizability may be limited, it demonstrates that the true prevalence is
likely under reported and underscores the potential bene�ts of universal
screening in healthcare settings.
Wayne Ko� and Michelle Williams o�er a perspective in the NEJM on how the
Covid-19 epidemic highlights the need to decode the immune system and
understand immunity in aging populations. 
In their pre-print article, Dahlke et al. report on the kinetics of the SARS-CoV-2
antibody response in relation to clinical features in two patients and
suggest that early IgA pro�le may determine disease severity. This case study
highlights the need for improved understanding of SARS-CoV-2
immunogenicity and pathobiology to guide the development of vaccine
candidates.
A pre-print article by de Assis et al. describes the validation of a SARS-CoV-2-
speci�c antigen microarray using convalescent plasma. The test
demonstrated low cross-reactivity with antibodies from other coronaviruses
and o�ers potential as both a diagnostic tool and a research resource to
estimate disease burden and correlate antibody responses with clinical
outcomes.
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Global Snapshot of New Cases
 

Source: FT analysis of European Centre for Disease Prevention and Control; FT research (Updated April 19, 20:07 BST)
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