
COVID-19: Gene Transfer to the Rescue?

Luk H. Vandenberghe1–3,*

1Department of Ophthalmology, Harvard Medical School, Boston, Massachusetts, USA; 2The Broad Institute of Harvard and MIT, Cambridge, Massachusetts, USA;
3Grousbeck Gene Therapy Center, Schepens Eye Research Institute, Mass Eye and Ear, Boston, Massachusetts, USA.

GENE TRANSFER IS EMERGING as a modality to rapidly respond

to the SARS-CoV epidemic. Both experimental therapeutic

and vaccine solutions are under preclinical, and in some

cases clinical, testing. Many of these approaches leverage

gene transfer technologies that, particularly for vaccines,

enable a more rapid initial development path than more

traditional modalities. The unprecedented urgency of this

global crisis may lead these gene-based antivirals and vac-

cines, if safe and efficacious, to be deployed more broadly

than anything else our field has seen. Depending on the

regulatory approval path, that may also happen at a pace not

seen before in drug development. Will gene transfer deliver?

30 KILOBASES OF DEVASTATION

Over the course of 6 months, the SARS-CoV-2 pan-

demic has affected directly or indirectly every person on

the planet. At the time I write this editorial, >4 million

individuals from nearly every country in the world have

been infected. More than 300,000 have died. Fortunately,

most of the infected survive, many unscathed, but un-

fortunately some with irreversible severe lung, heart, or

kidney damage. The individual, psychological, economi-

cal, and societal devastation of this event is of a scale

rarely seen in modern times.

How did we come to the point that 30 kilobases of

nucleotide is able to create such devastation? The science

is clear: a virus with a moderate mortality rate, a surpris-

ingly long half-life in droplets and surface for an RNA

virus, the ability to spread in the asymptomatically, and,

primarily, the absence of immunity in the population are

the main reasons that allow this viral tsunami to roll over

the globe with little or no inhibition.

The biology of a simple yet sophisticated viral path-

ogen is the root cause here. Policy makers, however, play

a key role in this crisis too; they have the power to police

this virus into confinement, to ultimately slowing and

shrinking the proportions of the epidemic. History will

judge their performance at the local, national, and global

level. Now is the time to act decisively to emerge from

the nightmare. To many of us it is obvious that in this

unique situation with so many unknowns, data-driven

decision making and scientific ingenuity are the chief

tools we must rely on to emerge from this global catas-

trophe. These days, experts in epidemiology, biomedi-

cine, economics, psychology, and other fields drive more

tweets than ever, and hopefully, by extension, more

evidence-based policy. This crisis makes clear that a

disregard for science in the past, present, or future is

misplaced if your goal as a policy maker is to protect the

health of your constituents, the economy, and your own

job.

ESCAPE HATCHES

Our discipline and community play a central role in

seeking escape hatches out of this dark tunnel. First, many of

you are on the front line as medical practitioners (or research

scientists who put down their pipette to assist in their uni-

versity hospital). Your steadfast resolve and sacrifice are

saving lives, and you have our highest level of gratitude.

Second, those of you who are staying home, having closed

your laboratories and companies, and safeguarded others in

doing so have made impactful personal and professional

sacrifices to bring down R, flatten the curve, or protect your

neighbor’s vulnerable family member.

To return to some new version of normalcy, population

(or herd) immunity needs to be established. Population

immunity reduces the opportunity for the virus to spread,

as within a population a majority of the hosts have ac-

quired protective immunity to the pathogen, in this case

SARS-CoV-2. Herd immunity can be achieved in one of

two ways: either through natural infection of a broad swath

of the population inevitably leading, in the absence of an
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effective antiviral drug, to large morbidity and mortality,

or a vaccine that is safe and accessible to all.

GENE-BASED VACCINES

The majority of the first vaccines for SARS-CoV-2

in clinical development are gene based. The speed to go

from the first published sequence of the virus to clinical

trial initiation has been remarkably fast, in part due to

the nimbleness of molecular biology, the decades-long

learnings from our field, and certainly the responsiveness

of various commercial companies such as Moderna,

Janssen ( Johnson & Johnson), BioNTech, and Inovio with

deep platform expertise and capabilities. Beyond speed,

these approaches all share an additional benefit compared

with other more traditional vaccine modalities, namely

their ability to prime both humoral and cellular immunity.

The more traditional vaccines are only slightly behind

though, with the majority of 100+ programs worldwide to

be of the tried-and-true whole inactivated, live attenuated,

recombinant subunit, or peptide platforms.

There are three main classes of gene-based vaccines:

DNA, mRNA, and viral vector vaccines. Most of these

seek to induce immunity toward the SARS-CoV-2 spike

(S) protein by encoding an open reading frame of the S

gene or gene fragment in the gene-based vaccine design.

To date, clinical trials have begun in each of these three

categories. In March, Moderna (MA) with their lipid

nanoparticle-formulated mRNA entered phase I safety

studies in partnership with the National Institutes of

Allergy and Infectious Disease (NIAID) at the NIH.

Around that time, CanSino (China) brought a human ad-

enovirus type 5 vaccine candidate to human safety studies.

In April, BioNTech (Germany) (mRNA) in partnership

with Pfizer and Fosun initiated its mRNA-based vaccine

human studies, as did Inovio (PA) with a DNA immuni-

zation approach, and Oxford University’s Jenner Institute

with a chimpanzee adenoviral vaccine vector (now part-

nered with AstraZeneca). Several of these clinical studies

are now entering phase II in broader populations to ini-

tially gauge efficacy and immunogenicity. The Oxford/

AstraZeneca program was allowed by regulators to skip

traditional phase I studies, presumably due to the prior use

of their vector platform in vaccine studies, and it is already

aggressively pursuing infection prevention trials in 6,000

healthy subjects. The speed with which these entities and

the regulators who supervise their activities have re-

sponded to the urgency of the situation is unprecedented.

In addition to the mentioned gene-based approaches,

3 more programs are already in the clinic using inactivated

virus, and 100 more are in preclinical development, 1 of

which AAVCOVID is pursued by our group at Mass Eye

and Ear (Boston, MA) in partnership with Mass General

Hospital (Boston, MA) and the Gene Therapy Program at

the University of Pennsylvania (USA).

Are there too many efforts? Not enough? Which ones

will make it? Are these ultimately competing for the same

resources, hampering us to get to a vaccine solution? Is

there room for more than one vaccine? These, and many

more questions, will likely remain unanswered for some

time. The novelty of this viral enemy, the unprecedented

nature and magnitude of this crisis, the early phase of

a continuously changing situation, and a paralyzed world

leave us with many missing data points to answer any

of these questions with any measure of certainty. In the

absence of these predictors of success, one places chips

on as many fields of this unfortunate roulette table, with

the goal of validating as many approaches to creating an

effective vaccine as possible.

What we can do at this moment is to articulate the

parameters and essential features any vaccine must have

to be successful. I apply these here with some specificity to

each of the gene-based modalities under study.

Safety is a must-have attribute of any vaccine as it is

administered to large populations of healthy subjects.

Small differences in safety profiles of the pending vac-

cines may materially matter in the triaging of the various

vaccine programs for the next months. A key concern with

any vaccine is that in rare cases, it has been observed that

particular experimental vaccines for some pathogens can

enhance infection or disease, seen previously for some

dengue and respiratory syncytial virus vaccines. Although

not thoroughly understood, this enhancement appears to

be due to the quality of the immunological response and

the lack of adequate neutralizing antibody responses com-

pared with non-neutralizing antibody binding activity.

Vector systems with extensive clinical track record in

gene therapy can fall back on the safety of those platforms,

often at dramatically higher doses, with adeno-associated

virus (AAV) and adeno now having been used clinically

for >20 years. In addition, all these vector systems have

established an experience base as a vaccine modality too.

Adeno has been used extensively in gene-based immuni-

zation, with DNA and mRNA quite a way behind, and

AAV trailing in this aspect.

Efficacy (or the robustness and level of protection

conferred to a population) is an obvious key to success, but

it is not the whole story. Efficacy is determined by the

consistency of effect across subjects, the quantity of the

immune response, its quality (as already mentioned), and

durability. Gene transfer modalities have a common ad-

vantage here as endogenous expression of their transgenes

activates both cellular and humoral immunity, as opposed

to many of the traditional vaccine approaches that mostly

activate antibodies. The efficiency and adjuvant effect of

the gene delivery will impact the magnitude and profile of

the host response, and is known to differ between AAV,

Ad, mRNA, and DNA approaches. Given that to date there

is no clarity on what correlates of protection vaccine ap-

proaches must attain, success will remain difficult to gauge
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until productive animal challenge studies and/or human

protection trials are matched with detailed immune cor-

relates. Data from studies utilizing convalescent plasma

samples from naturally infected patients may teach us a

great deal but may not be sufficient to inform us about

vaccine correlates of protection.

VACCINE SCALABILITY

There are other sets of parameters that likely will

whittle the vaccine list down further among those that

meet the gating criteria of safety and efficacy, and these

are issues that are not dependent on laboratory science or

medical discovery: timelines, scalability, and manufac-

turing cost. Vaccine development requires deep expertise

across a variety of drug development disciplines and it is

very expensive, particularly when decisions have to be

made at risk given the timelines needed to meet the ur-

gency of the situation. Such resources are not available to

all experimental vaccine groups. A highly efficacious and

safe vaccine may rely on a novel technology that cannot

reasonably be scaled to manufacture 100 million doses or

more. The per-human-dose of each vaccine will directly

determine the manufacturing scale required and the manu-

facturing cost per dose, ultimately determining which

societies can afford which vaccine.

Last, but not least, gene transfer approaches are taken

to various other—nonvaccine—settings to fight COVID-

19. A particularly compelling approach relies on the gene

delivery of defined human(ized) neutralizing antibodies,

either prophylactically (e.g., to high-risk populations) or

therapeutically. These approaches have shown progress

for HIV and influenza, and with more genetically defined

SARS-CoV-2 antibodies becoming available a compel-

ling prophylactic or therapeutic strategy that some are

pursuing.

Gene transfer to the rescue? Maybe. We shall see, but at

a minimum, this community is leveraging its decades of

innovation and thorough characterization of various plat-

forms to provide therapeutic options for a world desperate

for solutions to the pandemic crisis. The current programs

provide promising and valid shots at goal and position this

field in the limelight, as these options are currently fron-

trunners for making the biggest difference in the shortest

period of time. We wish for any of them to be safe and

successful soon.
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