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respiratory infections. At least one clinical trial has been initiated to investigate the efficacy of BCG for protection of
health care workers exposed to SARS-CoV2 (2).
Adaptive immunity is elicited by most vaccines and is mediated by lymphocytes. B lymphocytes produce antibodies,
some of which neutralize the virus. This response requires
the participation of CD4+ T cells, which are required for optimal B cell responses, and for antibody affinity maturation,
the production of strongly binding antibodies over time. With
the failed RSV vaccine, a lack of antibody affinity maturation
caused the negative effect. Adaptive immunity also elicits
CD8+ T cells, capable of specifically killing virally infected
cells. A vaccine that elicits only one of these is often effective
in “shifting the balance” of the infection so that disease, if it
occurs, is mild. Studies of T cell responses to SARS-CoV (the
corona virus responsible for SARS) found that positive clinical outcome correlated with the numbers of virus-specific
CD4+ T cells.
The SARS-CoV2 genome encodes four structural proteins:
the spike protein (S, which is responsible for recognition and
entry into cells via binding to its receptor, Angiotensin I Converting Enzyme, ACE2); the membrane glycoprotein (M); the
nucleocapsid protein (N); and the envelope protein (E). It
also encodes 16 non-structural proteins (NSPs) and 9 accessory proteins. Antibodies to the S protein have the potential
to prevent viral entry, while antibodies to other structural
proteins can also potentially promote viral destruction. In
principle, CD8+ T cells specific for any of the viral proteins
would kill virally infected cells. A study of SARS-CoV in hamsters concluded that only the S protein elicited effective immunity to infection (3). Most of the vaccines in development
that involve a single protein focus on the S protein.
There are potential reasons why an immune response to
a vaccine can predispose an individual to a worse outcome
upon infection. One is the phenomenon of antibody-dependent enhancement (ADE). In this effect, antibodies that bind
to the virus also bind to antibody receptors on cells, facilitating uptake and infection of the cell bearing the receptors.
ADE has been observed for vaccines against Dengue, Ebola,
and HIV (4). As recently as 2017, a large-scale efficacy trial of
a Dengue vaccine resulted in ADE in vaccinated children (5).
Troublingly, ADE has also been seen with vaccines for a feline
coronavirus (6, 7). There is also evidence for ADE in SARSCoV. Studies have shown that rodent and human antibodies
to the S protein can enhance infection in vitro (8–11).
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Catastrophic numbers of infections, morbidities, and
mortalities during the COVID-19 pandemic, together with the
disastrous impact on world economies have mandated a
historically unparalleled effort to produce an effective
vaccine. There are currently 95 vaccines in development
against SARS-CoV2, the causative virus of COVID-19 (1), with
several in, or entering clinical trials. Most of these are
expected to clear Phase I and two experimental vaccines have
moved into Phase II trials.
An effective vaccine is the best route to a return to “normalcy.” The only alternatives are widespread, systematic testing of the population with rigorous tracing of contacts, or
readily available therapeutics to effectively treat infection
and disease. Until the pandemic is resolved, social distancing,
isolation, and personal protective equipment remain the best
defense against infection.
The need to develop a vaccine is urgent, but most estimates conclude that even if trials are successful, an effective
vaccine will not be widely available for 12 to 18 months. Much
of the required time is related to the pace of proper clinical
trials. Studies are usually first needed in experimental animals. However, non-human primates rarely display severe
symptoms, and critical disease is also not observed in other
species, including genetically engineered mice.
Clinical trials proceed in three phases. In Phase I and II
the vaccine is tested on a small cohort of individuals to determine if the vaccine is safe in the short term and elicits immune responses. A Phase III trial follows, which tests the
vaccine in a large cohort for actual efficacy against infection
and potential adverse effects. Phase III trials are necessarily
time-consuming and require that infection among the control
group is sufficiently high to draw a conclusion.
Many advocate “fast-tracking” these trials, and some wish
to rely soley on evidence of induction of neutralizing responses. However, this could be catastrophic. In 1966, a large
trial of a vaccine for Respiratory Syncytial Virus (RSV) found
that the immunized cohort actually faired significantly worse
upon infection. There is some reason to worry that the same
may occur with some SARS-CoV2 vaccines.
Any immune response is of two types, adaptive or innate.
The innate response is not specific to an infection and is usually considered a first line of defense. However, there is evidence that innate responses can be “trained” to respond more
rapidly to infection. Vaccination with an attenuated tuberculosis bacterium (BCG), can protect children against
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However, several small preclinical studies of a SARS-CoV vaccine in rhesus monkeys failed to observe evidence of ADE.
One SARS-CoV2 vaccine, employing inactivated virus, was
tested in several large cohorts of rhesus monkeys, with substantial efficacy and no evidence of ADE (12). While this is
clearly encouraging, the need to ensure that any vaccine is,
indeed, safe is of vital importance.
While there is a need for caution, the need for accelerating
testing is clear, and many discussions are occurring on how
to ethically perform experimental infection studies in humans. Such studies provide enormous progress in vaccine research, but of course the extreme risks must be weighed
against potential benefits. The same applies to the ultimate
use of a vaccine that shows adverse effects in clinical testing.
Referring to experimental research, the eminent cancer
biologist, Charles Sherr once told me, “Fast is slow, and slow
is fast.” This is a maxim that must be applied to vaccine development for COVID-19.
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