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Abstract

Researchers and organizations are pursing 100 Day Vaccine Development to reduce the impact of any new pandemic-causing
virus. They propose monitoring viral emergence and developing vaccines for discovered viruses which would undergo safety
testing in humans. If one of these viruses emerges, phase Il trials would then take place. There are two problems with this
approach - first, phase IlI trials are too long for the 100-day goal and second, the virus that emerged might not have been

discovered in their surveillance.

An alternative approach would be to first develop vaccines for viral families similar to the pan coronavirus vaccines being
proposed for next generation COVID vaccines. Phase Il trials for them would be run even if a virus in the family wasn 't
having an outbreak. If a virus in a family for which a vaccine has been developed has an outbreak and the phase IlI trialed
vaccine is not effective against it, develop a booster based on the phase Il trialed vaccine. Since booster development and
approval takes less than 100 days, the 100 Day Vaccine Development goal would be met.

1. Background

The COVID-19 vaccines are remarkable.

1. They were developed in record time by many countries, e.g.,
Russia, Great Britain, and the United States.

2. They were deployed around the world more rapidly than
any previous vaccine [1]. However, deployment lagged and
continues to lag in the underdeveloped countries.

3. Though they wane and require updates for the relentless march
of variants, they have been astoundingly effective and safe.

4. They are estimated to have averted 14.4 million (95%
confidence interval 13.7-15.9) deaths from COVID-19 in 185
countries and territories between Dec 8, 2020, and Dec 8, 2021

[2].

There are projects underway, such as the United States’ Project

NexGen, to develop better COVID-19 vaccines [3]. These
vaccines would hopefully be more variant resistant and provide
better protection against SARS-CoV-2 infection and COVID-19
severity. These vaccines will likely be based on the attributes
described in the hundreds of next generation vaccine papers,
e.g., nasal administration, adjuvant, multi-epitope, and with
luck, pan-coronavirus.

The question, of course, is what could be done to advance
vaccine development and deployment for Disease X, the name
given by the World Health Organization in 2018 for the unknown
pathogen that could cause the next pandemic.

Here are examples of deadly viruses for which vaccines are not
yet available [4].

Disease Transmission R, CFR
Hantavirus Respiratory droplets and body fluids 1.2 36%
Ebola Contact and body fluids 1.8 25-90%
HIV/AIDS1 Body fluids 2-5 90%
Marburg Contact and body fluids 1.6 23-90%
MERS Respiratory droplets 0.5 34%
Mpox Physical contact, body fluids, respiratory droplets 2.1 1-10%
Nipah virus Body fluids 0.5 45-75%
SARS Respiratory droplets 3 11%

1. Antivirals have led to a low case fatality rate. R is the basic reproduction rate and CFR is case fatality rate
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Viruses on this list, and variants of them, might cause the next
pandemic; however, a virus not on this list might be the culprit
just like SARS-CoV-2 wasn’t on the horizon before it was
reported in China.

2. 100 Day Vaccine Development
Even with the record COVID-19 vaccine development and
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deployment intervals, the pandemic still inflicted major damage
around the world. The following is the Moderna mRNA vaccine
development timeline as well as actions taken in the US to try
to minimize COVID-19 cases and deaths before the COVID-19
vaccines were available. Also shown on the chart is the proposed
100 Day Vaccine Development goal.
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Achieving 100 Day Vaccine Development could reduce
lockdown and school closure times. This would result in
dramatic reduction of stress, mental health problems, and the
impacts to our children’s educational and social development.
If countries implemented non-pharmaceutical interventions as
they historically did, having COVID-19 vaccines in 100 days
would have averted an estimated 9.88 million (95% confidence
interval 7.56 — 10.58 million) deaths globally, mostly in low to
middle income countries [5].

Mount Sinai’s Florian Krammera proposed an approach for
100 Day Vaccine Development in December 2020 [6]. His key
ingredients were to enhance surveillance for emerging viruses,
proactively develop vaccines for related human viruses, and run
phase I/II trials for them. He also proposed dramatically shorter
phase III trials of just 60 days.

The Coalition for Epidemic Preparedness Innovations (CEPI) is
intensely pursing the 100 Day Vaccine Development goal in its
100 Days Mission project. CEPI is well funded, has a global
network, and an impressive track record of vaccine development
and deployment.

As of October 2023, CEPI was following the 100-day strategy
that Krammera proposed, which they summarized as, “CEPI
will advance vaccines against known threats through proof-
of-concept and safety testing in humans and will establish
investigational vaccine stockpiles before epidemics begin - ‘just
in case’ [7]. They have 25 viral families of interest [8]. Examples
of their “neighbor from hell” viral families are:

1. The paramyxovirus family which includes measles, mumps,
Nipah and Hendra viruses.

2. The Coronavirus family which includes the common cold,
MERS, SARS-CoV-2, and SARS-CoV-2 viruses.

3. The filovirus family which includes the Ebola and Marburg
viruses.

4. The orthomyxovirus family which includes influenza viruses
that have caused at least four pandemics since 1918.

5. The flavivirus family which includes Yellow Fever, Dengue,
and Zika viruses.

6. The pneumoviridae family which includes the RSV virus.

7. The retroviridae family which includes the HIV virus.

There are two potentially fatal flaws in their plan. First, what
if none of the vaccines are effective against the new virus? We
have a clue that this could happen. In two small studies, previous
SARS-CoV-1 infection offered some protection against SARS-
CoV-2; however, previous MERS infection resulted in more
severe SARS-CoV-2 cases in one of the studies! [9,10]. Perhaps,
and it is only a perhaps, a vaccine based on MERS would have
had little effect on SARS-CoV-2.

Second, as a New England Journal of Medicine paper noted,
it is not possible to achieve the 100-day goal within current
regulatory practices [11]. Given the heightened concerns
regarding vaccine safety and the growing antivax movement,
it is unreasonable to expect governments will reduce their
understandable requirements for extensive phase III trials.
Perhaps, “compassionate use” could be granted part way through
the phase I1I trials for those most at risk.

3. Alternative Approach

There is an alternative approach for 100 Day Vaccine
development that should be considered.

First, consider the fall 2023, COVID-19 booster timeline.
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Activity Date Added Days Total Days
Pick Strain, Develop and Quick Test 6/15/23 1 1

FDA Approval 9/11/23 88 89

CDC Approval 9/12/23 1 90

Shots Available 9/13/23 1 91

This COVID-19 booster development interval is the same as
that for the annual flu vaccine. Governments allow updates to
approved vaccines with limited testing. Perhaps the approach
to 100 Day Vaccine Development should be based on boosters
for phase III trialed “pan viral family vaccines.” The first step
would be to find common, conserved parts of viruses in viral
families, e.g., the SARS-CoV-1, SARS-CoV-2, and MERS
betacoronaviruses, and develop a vaccine based on these
conserved parts. This is what CEPI is pursuing in their “Broadly
Protective Betacoronavirus” project. Many researchers have
proposed pan-corona virus vaccines for next generation COVID
vaccines [12-15].

It will be difficult to pick the “right” viral families. How this
would be done would probably be a combination of virus risk
and the likelihood of developing a pan viral family-based
vaccine. Already people are speculating on the source of the
next pandemic. For example, the University of Sydney suggests
it could come from one of these families [16].

* Coronaviridae — SARS-CoV-2, MERS, and SARS-CoV-1

* Flaviviridae - Dengue fever, Japanese encephalitis, Zika, West
Nile fever

* Orthomyxoviridae - Influenza

 Paramyxoviridae - Nipah virus, Hendra virus

* Togaviridae (alphaviruses) - Chikungunya fever, Ross River
fever, Eastern equine encephalitis, Western equine encephalitis,
Venezuelan equine encephalitis

If there is viral outbreak some place in the world for a virus in one
of the selected families, run a phase III trial there, e.g., the “Ebola
family” in Africa, “Dengue family” in Vietnam, and “Nipah

family” in India. If not, early vaccine effectiveness estimates
could come from neutralization studies and/or challenge
experiments like those run for COVID, ZIKA and Dengue [17-
19]. The ZIKA challenge experiments were run in 2022 after
ZIK A vaccine candidates were available but there were no ZIKA
outbreaks at which to trial the vaccine. Regardless, run the
phase III trials for safety. If a virus in the virus family emerges
for which the trialed vaccine isn’t effective, produce a booster
for the vaccine that addresses this new virus.

Given the range of protection offered by approved vaccines,
we can’t speculate what the vaccine’s effectiveness will be.
Nor can we speculate what the vaccine’s wanning might be.
In 2021, researchers finally discovered why the vaccine for
the modestly mutating measles virus doesn’t wane. It takes
multiple mutations of a particular type to defeat the vaccine,
and these hadn’t happened and were unlikely to happen [20]. To
date, SARS-CoV-2 and flu vaccines lose their effectiveness in
the face of the never-ending march of variants. Unprecedented
world cooperation, led by CEPI and WHO, would be required
for nations to participate in the phase III trials and then, most
importantly, act on their results. Some countries, e.g., the United
States, would have to change their regulatory requirements for in
country phase III trials.

4. Accelerated Deployment

Manufacturing constraints contributed to limiting vaccine
deployment to roughly 60% of the world two years after the
vaccines had been developed [21]. Further, particularly in the
underdeveloped countries, the difficulty of getting shots to the
arms added to slowed deployment.

Our World in Data World Vaccine Deployment Rates — Fully Vaccinated People
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Much of the early delay from inadequate manufacturing capacity
was overcome in 2022. By February 2022, 12 billion doses had
been delivered and there was manufacturing capacity for 20
billion annual doses [22].

Fortunately, costs to vaccinate people did not and would not
deter rapid deployment. A WHO report estimated it would cost
$3.70 per person vaccinated with two doses (after accounting for
vaccine wastage) in the 92 low- and middle-income countries
[23]. The IMF estimated that the marginal social value of
existing COVID-19 vaccine capacity in early 2021 was $500 to
$1,000 per course, compared with $6 to $40 cost per course [24].
Neither cost estimate is onerous.

To vaccinate the world will take about 15 billion doses assuming a
two-dose regime. With the alternative approach to One Hundred
Day Vaccine Development strategy proposed here, only one type
of vaccine would likely be produced. If it were a protein subunit
vaccine, then there is enough capacity to vaccinate the world
in a year. If it were mRNA, then additional capacity would be
needed to meet the one-year deployment goal. Sanofi is spending
$2.2 billion to beef up its mRNA program which would add to
the world’s mRNA manufacturing capacity [25]. If more mRNA
manufacturing capacity is needed, the cost to build mRNA

vaccine manufacturing to produce 100 million doses has been
estimated to be US$127.1 million for the BNT162b2 vaccine
and $270 million for the mRNA-1273 vaccine [26]. Thus, with
a bit of luck and some investment, from the time the Disease X
virus emerges until the world is vaccinated could be a year! That
would cut two years off the COVID-19 timeline.

5. There Likely is No Free Lunch

We can’t predict Disease X’s ongoing impact after the world is
vaccinated against it. We don’t know how it will mutate, how
effective the vaccines will be, and equally importantly whether
our political and behavioral responses will have any pandemic
memory.

Vaccination, infection, and hybrid (vaccination and infection)
immunity contribute to population immunity which is the percent
of people in a population who have some form of immunity.
Emory University and Georgia Tech developed algorithms for
population immunity based on infection and vaccination rates
[27]. They provide options to parametrically simulate the impact
of case rate underreporting. They provide population immunity
estimates for the United States and each of its states. From their
data, one can estimate US population immunity trends:
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Their model’s results are consistent with a CDC study that used
seroprevalence, that is, blood sampling, to determine that by the
third quarter of 2022, an estimated 96.4% of persons aged >16
years had SARS-CoV-2 antibodies from previous infection and/
or vaccination, including 22.6% from infection alone and 26.1%
from vaccination alone; 47.7% had hybrid immunity [28].

Disease X’s population immunity when 70% of the US is
vaccinated will likely be significantly lower than when 70%
of the US was vaccinated for COVID-19 because not as many
people will have been infected; thus, there will likely be less

protection from infection and from hybrid immunity. One can
only speculate what Disease X’s population immunity trajectory
will be.

The following is perhaps the Godzilla of all back-of-the envelope
estimates to get some insight into the impact to case fatality rates
of growing population immunity and weaker variants. CDC
statistics were used for death rates. Wastewater monitoring data
was used as a surrogate for case rates [29]. The wastewater and
the death rate curves were arbitrarily scaled so that their Omicron
peaks matched. From this back-of-the envelope estimate, we can
see that US case death rates have dropped by roughly a factor of
10 since the pandemic began.
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Fortunately, the SARS-CoV-2 variants, after Delta, became
weaker. Viruses mutations do not always lead to weaker variants
[30].

These uncertainties in the Disease X post-vaccinated world
should not reduce the commitment to develop vaccines in 100
days and deploy them within a year. Rather, they should just
help set realistic expectations.

6. Conclusion

One 100-day vaccine development and one-year deployment
could save millions of lives and reduce human suffering. The
present approach being taken by CEPI appears to be flawed in
two ways, a surprise virus and a shortened phase III trial. An
alternative approach based on developing boosters for phase
III trialed vaccines for virus families such as Filoviridae,
Coronaviridae, and Bunyaviridae appears to address these
problems.
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