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Abstract

For the Covid vaccines, the fundamental goal was not to prevent mild infections but to prevent deaths, hospitalizations,
and transmission. Despite this, the randomized controlled trials evaluated short-term reduction in symptomatic Covid
infections while failing to address important public health issues. This result was due to badly designed trials. Despite
lacking key data, public health agencies made unsubstantiated vaccine claims, published unscientific vaccine
recommendations, and imposed unethical vaccine mandates. As a result, vaccine hesitance has increased while the
trust in public health has deteriorated.

After contrasting them with the polio vaccine trials in the 1950s, this article outlines the fundamental design flaws in
the Covid vaccine trials and describes how they could and should have been designed to generate the critical public
health information on their ability to reduce hospitalizations, mortality and transmission.
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1 - Introduction

The warp-speed development of the Covid vaccines was a remarkable achievement in the history of medicine. After
less than a year, the vaccines had been developed and evaluated in a vaccine efficacy trial where tens of thousands of
patients were randomized either to the Covid vaccine or a placebo. The trials measured the effectiveness of the Covid
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vaccine by comparing the number of symptomatic Covid infections in the vaccine versus placebo arms. The results
showed that the Pfizer and Moderna vaccines both had 95% efficacy in reducing symptomatic infection during the few
months after the second dose.1 ,2 ,3  

Public health officials were ecstatic, launching a mass vaccination program. They promised that the vaccine would
provide long-lasting protection against getting, spreading, and dying from Covid. Governments, corporations, and
universities imposed vaccine mandates for students and employees.

But the vaccine rollout in the months after the vaccine's introduction struck a discordant note. The vaccine failed to live
up to this promise after it was widely deployed in the population. Despite substantial uptake of the vaccine in the
United States and many other countries, as well as subsequent boosters, Covid continued to circulate in substantial
numbers4 . Covid waves came and went in both 2021 and 2022, and eventually, almost everyone got infected Covid.5

Consequently, trust in vaccines has plummeted.6

What went wrong? In this paper, we argue that one fundamental problem was a failure in the design of the vaccine
trials with a mismatch between the clinical trial endpoints and the public health needs. A second problem was a failure
in the interpretation of the trials, with a mismatch between what public health officials claimed and recommended and
what the trials actually showed. 

2 - An Historical Analogue: The Salk Polio Vaccine

It is illustrative to compare the Covid vaccine trials to the 1954 Salk polio vaccine trial during a deadly polio pandemic
that paralyzed and killed thousands of children.7 In 1952 alone, there were over 3,000 polio deaths in the United States.
To survive, many children were put on iron lungs.

The development and announcement of the Salk vaccine generated much hope and excitement, but did it work?
Similarly to Covid, only a small fraction of polio-infected children develop severe disease (paralysis) or die. That posed
a significant challenge when evaluating the vaccine. If investigators recruited only a few thousand children for the
randomized clinical trials (RCTs), there would be very few paralyzed or dead children in the placebo arm. No matter
how good the vaccine was, the difference between the vaccine and placebo would be slight, even if there were no
paralyses or deaths in the vaccine arm of the trial. So, to know whether the vaccine worked or not, the sample size had
to be enormous.8

The vaccine developers and public health scientists of the time understood the need for solid proof that the vaccine
addressed the actual public health problem, which was to prevent polio from paralyzing and killing children. Hence, the
primary clinical endpoint was paralytic polio. For such a serious but rare endpoint, the scientists enrolled over 400,000
children in a landmark double-blinded randomized controlled trial, with 200,745 children receiving the polio vaccine
and 201,229 receiving a placebo injection. In the placebo group, there were 115 cases of paralysis, at a rate of 57 per
100,000 children.9 In the vaccine group, there were only 33 cases, at the much lower rate of 16 cases per 100,000.
That provided solid proof that the vaccine worked, with 71% vaccine efficacy (p<0.001). After this successful trial,
mass vaccinations followed. Polio is now eradicated in the United States and most of the world.

Without this trial, public health officials would have been shooting in the dark, giving advice to parents about the
efficacy of the product without real data underlying it. It is easy to imagine the frustration that parents faced when
their child would get polio while the trial was running. While public health officials were under tremendous pressure to
deploy the vaccines more rapidly, they were right to take the time to evaluate the vaccines with this large randomized
trial that lasted over a year. Had they not done so, there would have been valid concerns about the vaccine, creating
vaccine hesitancy among the public. That is especially true in light of some manufacturing problems that arose when
the vaccine was delivered at scale after the trial.10

3 - Covid Trial Design Failures: Efficacy

The Covid vaccine RCTs did not provide public health professionals, physicians, or the public with the needed
information that would have allowed them to address public health needs credibly. For evaluating vaccine efficacy, the
primary failures of the Covid vaccine trials were (i) the lack of clinically meaningful outcomes such as prevention of
hospitalization and death, (ii) the failure to evaluate disease transmission, (iii) the short follow-up time, and (iv) the lack
of data on those with prior natural immunity.

Clinically Important Outcomes

https://jamanetwork.com/journals/jama/article-abstract/301691
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As with polio, most people infected with the SARS-CoV-2 virus do not die from it.11 Nor do they need hospitalization. The
purpose of a vaccine is to prevent serious outcomes such as death or hospitalizations. This can either be done directly,
if the vaccine protects the vaccinated person, or indirectly, if the vaccine prevents the spread of the virus to others.
The Covid randomized trials evaluated neither of these outcomes. Instead, the clinical endpoint for the vaccine trials
was the short-term prevention of symptomatic infection.

Was this flaw unavoidable? The answer is no. By recruiting many young and middle-aged adults, who are at low risk of
death whether or not they take the vaccine, the pharmaceutical companies ensured that there would be very few
hospitalizations or deaths in both the vaccine and placebo arms. This, in turn, made it impossible to know whether the
vaccine prevented these serious outcomes from the individual trials.12

How could this have been avoided? One option would have been to greatly increase the sample size, just as for the
1954 polio RCT. That would have delayed the vaccine's approval, which would have negative consequences for public
health.

The better solution would have been to recruit mostly older people to the trial.13 ,14  While anyone can get infected,
there is more than a thousand-fold difference in mortality between older and younger people, so it is primarily older
people who stand to benefit from the vaccine.15 If the trials had enrolled more older people, we would have known from
each trial if the evaluated vaccine prevented deaths. That is critical information that public health and medical
authorities needed to confidently inform the general public about vaccine efficacy and to trust the vaccines.

To overcome the flaws in the trial designs, Benn et al. (2023) pooled data from all the trials for the mRNA vaccines
(Pfizer and Moderna) as well as from the adenovirus vaccines (J&J, Astra-Zeneca, and Sputnik). Since the vaccines in
each group use similar mechanisms of action, pooling increases the sample size enough to generate sufficient
statistical power regarding vaccine efficacy from randomized studies. The authors found that the mRNA vaccines did
not reduce all-cause mortality (RR=1.03, 95%CI 0.63-1.71), while the adenovirus vaccines did (RR=0.37, 95%CI:
0.19-0.70). Note, though, that these results are primarily for young and middle-aged adults, not for the much higher-
risk older adults who may have benefitted more from the vaccines.

 

Transmission

The appropriate trial design also depends on the public health goal of the vaccine in the midst of a pandemic. The
distinction between the public and private goals of the vaccine informs the answer. Consider, for instance, a
randomized trial for a drug that treats a non-infectious disease. Typically, such a drug confers primarily a private
benefit for patients who take it, with little to no direct benefit for others who do not. The only real question for a
randomized trial is whether the drug makes the patient better. While there may be some controversy about whether to
have a clinically meaningful endpoint (such as curing the disease the patient has or ameliorating symptoms) versus an
intermediate endpoint (like improvement in a biomarker that correlates with good patient outcomes) as the primary
endpoint of the trial, the critical outcome focuses on patients who take the drug themselves, not on the effect on other
people.

In the context of the Covid vaccines, of course, there were both the private problems caused by Covid disease,
especially in older people and other high-risk people, as well as the public problems caused by the spread of Covid
from one person to another via respiratory droplets or aerosols. So, in the case of the Covid vaccine, there was a vital
decision to be made in the design of the RCTs. If the Covid vaccines were aimed at producing a private benefit for
patients by preventing severe Covid disease upon infection, well, that would suggest one kind of randomized trial with
patient outcomes like hospitalizations and death as the primary endpoints. On the other hand, if the Covid vaccines
were also envisioned as a means to stop the spread of the SARS-CoV-2 virus, reducing the prevalence of the disease in
the population at large, and perhaps even eliminating or eradicating Covid, then the randomized trials would need to
have a very different endpoint focused on whether the vaccines were capable of limiting the spread of the disease.

The Covid vaccine trials did not evaluate this endpoint at all.

Would it have been challenging to do so? The answer is no. Instead of recruiting individuals to the trial, the
pharmaceutical companies could have recruited married couples or other pairs of cohabitating persons. In every
couple, the first one would be randomized to receive either the vaccine or a placebo injection, while the second one
would receive neither. The effect of the vaccine on the recipient would then be evaluated based on the first group,
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while the impact on transmission would be evaluated using the second group. If, for instance, the vaccinated patient's
family members had lower rates of Covid infection than the family members of the placebo recipients, we can infer that
the vaccine prevents disease transmission.

Since Covid infection is so common in the population, such a trial would not need a lot of patients enrolled, such as
were enrolled in the Salk polio vaccine trial. A relatively small trial would suffice. The one extra thing required is the
testing of household co-residents to check for asymptomatic disease. While we know that at least one of the vaccine
companies contemplated this type of design to evaluate transmission-blocking (personal communication), we do not
know why all the vaccine developers ultimately decided against it.

Some public health officials assumed that since the Covid vaccines reduce symptomatic infections for a short while,
they would also reduce transmission and infection of others. That is not a logical conclusion, though, and it could
potentially do the opposite. If the vaccines reduce symptoms but not infections, the vaccinated individuals could be
more likely to spread the disease to others as they will be out and about while infected rather than sick in bed. Since
the trials did not evaluate transmission, we do not know whether the vaccines reduce or increase viral transmission.

 

Lasting Immunity

For most diseases and people, a vaccine is only worthwhile if it provides lasting immunity.

The Covid vaccines were FDA-approved for emergency use authorization based on only a few months' follow-up. Such a
short follow-up is appropriate when a vaccine is urgently needed during a pandemic, but it is also essential to know
about long-term protection before final approval. It was, therefore, unethical and wrong to end the vaccine trials early.
Since a vaccine that provides only short-run protection against disease is considerably less useful, the proper trial must
run sufficiently long. If one vaccine provides longer protection than its competitors, that is essential public health
knowledge, but that is impossible to know with only a few months of follow-up.

In the actual Covid vaccine trials, pharmaceutical companies only tracked patients between two to four months after
completion of the vaccination sequence. That was not enough time to understand whether the vaccine provided long-
lasting protection, which left public health officials to inappropriately extrapolate the efficacy of the vaccines against
infection to a time period not covered by the trials.16

 

Vaccines for Covid-Recovered People With Natural Immunity

At the urging of public health officials, the Covid vaccines were mandated for people who had already had Covid.17

From a historical perspective, that was surprising since vaccines are supposed to mimic the natural immunity
developed after being sick but without getting sick. It would, therefore, be astonishing if a vaccine provided better
protection than recovery from the disease.

To scientifically justify such mandates, the randomized trials would have needed to evaluate patients who had
recovered from Covid infection before enrollment. That information was available to the trial investigators, but the few
participants with a prior Covid infection were excluded from the efficacy analyses.1 ,2  From the point of view of both
public health and the pharmaceutical companies, that was the right decision since Covid-recovered individuals with
natural immunity are unlikely to benefit from the vaccine. Including such patients in the analysis would have
attenuated the vaccine's measured effect size and efficacy for the population that could benefit the most from a
vaccine.

Because the Covid-recovered were excluded, the trials could not measure the vaccine's marginal benefit by prior
immunity status. If the effect size is much lower for Covid recovered patients than for immune naïve patients, which
one would expect and which the pharmaceutical companies clearly expected since those individuals were excluded,
then such a trial would have required an enormous sample size. On the other hand, if public health officials and
pharmaceutical companies thought the vaccine would be highly beneficial for those with natural immunity, a separate
trial with the same sample size would have sufficed to prove that if true. It was unscientific to recommend the vaccine
for Covid-recovered patients without such a trial.
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Vaccine Safety

Unlike efficacy, randomized clinical trials are insufficient to determine whether a vaccine or drug is sufficiently safe to
administer. Adverse reactions are tallied and evaluated in all trials, and if there are many serious adverse reactions,
the drug or vaccine is never approved. A trial cannot rule out rare but serious adverse reactions, though, nor adverse
reactions in populations not included in the trial, such as pregnant women. Post-market safety surveillance is needed
for that, using observational rather than randomized data.

So, there is unavoidable uncertainty about the safety of a new vaccine when it is first approved, an uncertainty that it
is essential to be honest about with the public. That uncertainty should also be reflected in public health
recommendations. For older people who are at high risk of death from Covid, a small potential risk from the vaccine is
worth taking. For young health people who are at very low risk for Covid death, even a small risk from the vaccine can
tip the balance of the risk/benefit ratio against the vaccine. 

4 - Trial Misinterpretations

When public health officials rolled out the vaccine campaign in December 2020 and January 2021, key communicators
told the public that the vaccine would prevent all Covid infections and transmission, perhaps even allowing the
eradication of Covid disease from general circulation.18 Officials made these claims even though the Covid vaccine trials
did not include infection prevention or transmission-blocking as measured endpoints, and observational data were not
yet available.

For instance, the CDC director, Rochelle Walensky, claimed that "vaccinated people do not carry the virus — they don't
get sick." In a retrospective interview, she said that she based her public statements about the effectiveness of the
vaccines in preventing people from getting infected on hope rather than on any result in the randomized trial.19

In 2020, Tony Fauci told the public that herd immunity would arrive when 60% of the population was vaccinated. Later,
he upped the required fraction to successively higher numbers, 70% and 80% of the population, justifying the initially
low number because he thought the public was not yet ready to hear the higher required percentages.20 In January
2021, he told a Baltimore resident that the vaccine stops infection.21 However, in the context of herd immunity, this
statement makes sense if the vaccine prevents disease transmission permanently or for years.

Policies like vaccine mandates and vaccine passports, widely adopted by governments worldwide, were premised on
the ability of the vaccine to prevent disease transmission. The idea was that, compared to the unvaccinated,
vaccinated individuals were clean and safe to be around, or at least safer to be around as far as Covid infection is
concerned. Of course, that is only true if the vaccine prevents somebody from becoming infected and spreading the
disease to others.

Even as late as fall 2021, the United States federal government told the US Supreme Court that Covid vaccination
prevented infection. Hence, they claimed that the vaccine mandates were necessary for healthcare workers to protect
patients from Covid. In court, the government defended its OSHA vaccine mandate, which required firms with more
than 100 employees to have their employees vaccinated. OSHA defended in court this requirement, saying that the
vaccine mandate was needed because it provided essential protection to workers against being infected with Covid
disease, which was not evaluated in the randomized trial.22

By the summer of 2021, evidence from observational data had emerged from several countries that showed that
infection-acquired immunity was much stronger than vaccine-acquired immunity, as expected, and by two to three
months, the vaccine's efficacy against symptomatic infection had dropped precipitously. Multiple epidemiological
studies from Qatar, Denmark, Sweden, Israel, Sweden and the Kaiser Health System in California all had similar
findings.23 ,24 ,25 ,26 ,27  Despite this, vaccine mandates for people with superior infection-acquired immunity persisted. For
example, many nurses and physicians got infected while caring for Covid patients in 2020 but were subsequently fired
for not taking the Covid vaccine despite having superior immunity.28

5 - Covid Vaccine Policy

The consequence of the mismatch between what the randomized trials examined and what prominent public health
officials said during the vaccine rollout is enormous.

Since the randomized trials showed the vaccines prevented symptomatic infection, and since symptomatic infection is
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a precondition to severe disease and death, it was likely that the Covid vaccines also prevented severe illness and
death. While it should not have been required (the trial should have been designed to test this hypothesis), this was a
legitimate and logical extrapolation of the limited results available from the randomized trial data available at the time.
Careful observational studies, such as the previously mentioned Qatari and Swedish studies, later verified both the
efficacy against severe disease among the old and the waning of vaccine efficacy against infection.24

The potential benefit of a vaccine is highest in those with the highest risk of hospitalization and death, and for Covid,
that is the old. By mandating vaccines for students and working-age adults, low-risk individuals were forced to take the
vaccine before many older high-risk people in America and abroad had received it. The randomized clinical trials did
not properly evaluate the vaccine's benefit to older people, but subsequent observational studies showed decreased
mortality. If that is so, then the vaccine mandates led to many unnecessary deaths among older people worldwide as
younger Americans and Europeans were clamoring to get vaccinated to fulfill educational, work, or travel mandates,
making the vaccine mandates unethical    

Was there an alternative strategy that might have produced better results? Yes – a strategy of focused vaccination
aimed at high uptake among populations most vulnerable to severe outcomes from Covid could have saved lives. In
December 2020, one of the authors of this article called for prioritizing the elderly for early vaccination because they
were at the highest risk of dying from Covid infection.29 In March 2021, at the request of the government-funded
Virality Project at Stanford University, the other author of this article was censored by Twitter for stating that "Thinking
that everyone must be vaccinated is as scientifically flawed as thinking that nobody should. COVID vaccines are
important for older high-risk people and their caretakers. Those with prior natural infection do not need it. Nor
children."

Had the focused vaccination strategy been adopted, we might have also avoided the needless direction of the vaccines
to younger healthcare workers on the false premise that vaccinated healthcare workers would pose no danger of
passing Covid disease to their patients. Of course, the vaccines do not have that property. The result of this
misdirection is that many older people in the winter and spring of 2021 faced Covid disease unvaccinated. Shortages of
Covid vaccines worldwide ensured there would be insufficient doses for many high-risk people.

Misrepresentation of the vaccine data has led to an understandable distrust in public health authorities. When the
public contrasted the waning efficacy of the vaccine, plainly visible to almost everybody who took the vaccine and then
later became infected, against public statements by public health officials, public trust in public health about the Covid
vaccine collapsed.

This distrust generalized to deteriorating trust in non-Covid vaccines. If public health was wrong about the Covid
vaccine, maybe they are wrong about all vaccines, many members of the public may have reasoned.30 Estimates from
CDC surveys demonstrate sharp declines in public confidence in basic childhood vaccines, such as the MMR vaccine,
since the Covid vaccine rollout, leading to fears that there will be surges of these other infectious diseases that are
preventable by vaccines that prevent disease transmission and infection.31 ,32

6 - Boosters

The Covid booster campaign of 2022 demonstrates the fruits of this distrust. Despite relentless public service
messaging, news reporting, and advertising by pharmaceutical companies, by May 2023, only 20 percent of the
American population got the bivalent booster.33

When the bivalent booster was developed in 2022, pharmaceutical companies did not conduct proper randomized
control trials. Instead, Pfizer and Moderna ran trials that had the immunogenicity of the bivalent boosters as the
primary clinical endpoint. The trial designers, rather than looking at the prevention of infection, prevention of
symptomatic illness, or prevention of severe disease and death, looked only at whether the vaccine could produce
antibodies in the patient population.

The companies ran trials for the bivalent boosters for a very short period of time, a matter of weeks, so the studies
provided no information about the waning of the booster. The studies also did not provide any data about the relative
efficacy of the vaccines for people who had previously recovered from Covid versus people who had not. The Pfizer trial
for their bivalent booster did not include any humans at all. Their study looked only at immunogenicity in mice.

Surprisingly, the US FDA accepted this study of the booster in mice as a sufficient basis to approve the bivalent booster
for emergency use. They reasoned that the boosters and the regulation of the boosters should be treated the same
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way that annual flu vaccine updates are treated in the regulatory process.

For flu vaccines, immunogenicity is not an unreasonable endpoint. The update process for the flu vaccine has a long
history.34 ,35  Safety profiles of the flu vaccines are generally excellent. The influenza virus mutates in ways such that
prior vaccination and prior infection provide limited benefit against new strains of the flu. This contrasts with Covid,
where previous infection offers substantial protection against severe disease even against new Covid strains.27

So, for the Covid booster, the considerations that would lead regulators and the public to accept a limited study of
short duration focused on immunogenicity rather than clinically meaningful outcomes do not apply. Without a rigorous
randomized trial with human participants and a clinically significant endpoint such as protection against severe disease
and death, it is not surprising that booster uptake is so low.

7 - Lessons Learned

There are at least two primary lessons to be learned from this sorry episode in the history of medicine. First, regulators
like the FDA must require pharmaceutical companies to conduct trials with clinically and epidemiologically meaningful
endpoints. If the trials do not inform the key decisions that public health officials must make, they are not useful. They
may cause harm by putting public health officials in a position where they are tempted to extrapolate their public
communications beyond the evidence.

Second, public health officials must be scrupulous in not extrapolating far beyond what the randomized trial data say.
The public's perception of public health officials' integrity depends on the accuracy of their statements. Since the public
health officials did not have adequate randomized evidence to back up their claims about the Covid vaccine, it is no
surprise that reality surprised them. The public has perceived this disconnect between public health officials'
statements and reality as evidence of incompetence or worse. And now, it will take many years of honesty and hard
work for public health officials to regain the public's trust, ultimately to the detriment of the public's health.
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It’s important to discuss what happened in order to figure out how to do better in the future. In this regard, the
contribution from Drs. Bhattacharya and Kulldorff—and indeed the entire concept of the Journal of the Academy
of Public Health— is a refreshing departure from business as usual. The success of the concept will ultimately
depend on the credibility of the reviewers and the quality of the constructive scientific dialog that ensues. The
following comments are offered in the spirit of furthering this discussion.

The authors do an excellent job reciting some of the public health failures during the COVID pandemic, which
include misinterpretation not only of data from the original clinical trials, but also from observational studies. For
example, the logic underlying vaccine mandates, which were ultimately struck down by the Supreme Court, was
based on the false supposition that vaccines would dramatically decrease SARS-CoV-2 transmission.  Because
mandates were considered difficult for unlicensed vaccines that were made available through Emergency Use
Authorization, the plan to impose mandates appeared to be connected to a push to speed up the approval of one
of the COVID vaccines.  The plan to authorize boosters for the general population was announced by the White
House and public health authorities before the FDA had even started, much less completed, its review of these
applications. Although observational data from Israel was considered a major factor in the initial
recommendations for COVID vaccine boosters, the presence of “healthy vaccinee bias” (where people with
access to boosters were in much better health and had access to better overall medical care) made it falsely
appear that the original boosters were much more effective than they actually were (Høeg, 2023). In addition to
the references cited by the authors, the CDC’s own data (León, 2022) showed that previous infection was more
effective than vaccination in preventing COVID-associated hospitalization. This doesn’t mean that it would have
been preferable for more people to get infected, because COVID was still deadly even in young adults.  But it
does expose as misguided the policy of requiring previously infected people to be vaccinated, and as the authors
point out, clothing fundamentally political solutions such as vaccine mandates and White House generated
recommendations for boosters as public health imperatives very likely contributed to mistrust of public health
authorities and of vaccines in general.

The authors also decry a shutting down of public debate on potential public health responses to the pandemic,
and here too I also agree that a thoughtful public airing of facts can only contribute to positive outcomes.

Lessons learned: Public health officials and stringency of regulatory decision-making

In spite of my agreement with the authors on several key points, the authors have not made a persuasive case
on the “lessons learned”. In one case, they do not go far enough, and in the other, they do not consider key facts
and the need for flexibility in pandemic response. Both of these lessons are related to potential politicization of
pandemic response.

The first of the authors’ two major “lessons learned” is that public health officials must be scrupulous in not
extrapolating beyond what the randomized trial data say.  It’s hard to disagree with this; it’s what we should
expect from all government employees, especially those charged with making decisions regarding public health. 
However, political pressure and career aspirations can play a role as well, and some public health officials will
inevitably be more competent than others. Thus, in addition to hoping for better public health officials, it will be
important to strengthen the system that leads to public health recommendations by increasing its transparency
and limiting the authority of any single individual to overrule the outcome of normal review processes.   

The authors’ other “lesson learned” is that the FDA should require more stringent trials of pandemic products.

https://www.nejm.org/doi/full/10.1056/NEJMc2306683
https://www.nejm.org/doi/full/10.1056/NEJMc2306683
https://www.cdc.gov/mmwr/volumes/71/wr/mm7104e1.htm
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Here, it is important to distinguish the flexibility necessarily allowed during emergencies under Emergency Use
Authorization (EUA) from the stronger FDA endorsement that is implied by full licensure (also known as
“approval”). While caution must be exercised and transparency of decision-making is critically important, having
flexibility to address emergencies is a key component of pandemic response because pandemics are by their
nature unpredictable. In an emergency, an EUA may be issued after (among other conditions) the FDA
determines “that, based on the totality of scientific evidence available to FDA, including data from adequate and
well-controlled clinical trials, if available, it is reasonable to believe that: … the product may be effective in
diagnosing, treating, or preventing …such disease or condition” and that “the known and potential benefits of the
product, when used to diagnose, prevent, or treat such disease or condition, outweigh the known and potential
risks of the product…”. Relative to full licensure, FDA points out that [t]he “may be effective" standard for EUAs
provides for a lower level of evidence than the "effectiveness" standard that FDA uses for product approvals
(Food and Drug Administration, 2017).

It is critical that the flexibility offered by the EUA standard be used responsibly and transparently, as indeed it
was during the early COVID response.  Within this framework, FDA’s Office of Vaccines Research and Review
(OVRR) insisted on reasonably stringent vaccine trials at the EUA stage and provided a high level of transparency
into the process. 

To promote transparency and scientifically valid conclusions, OVRR began early discussions about what it should
take to license or authorize a COVID vaccine. OVRR wrote and published two guidance documents—first, one
released June 2020 for development and licensure of vaccines (Food and Drug Administration 2020a), and a
follow-up written in August-September 2020, once it became clear that vaccines would likely initially be made
available via Emergency Use Authorization (EUA) (Food and Drug Administration 2020b). A vaccine needed to
show at least 50% efficacy in clinical trials with 95% statistical confidence that the efficacy was at least 30%.
Without foreknowledge of how effective COVID vaccines might be, this set a reasonable target for vaccine
efficacy that assured that ineffective vaccines would not be approved—a situation that could be disastrous in a
pandemic if it interfered with evaluation or deployment of truly effective vaccines (Krause, 2020a). These criteria
also assured that studies would be large enough to obtain a robust safety database. For licensure, safety
monitoring of at least 6 months would be expected, while for EUA, total follow-up of a median of 2 months
(meaning that half of participants would be followed for at least 2 months) would suffice. This would assure rapid
availability of COVID vaccines desperately needed in the growing pandemic while also collecting the minimal
safety and efficacy information needed to provide confidence in the vaccine’s evaluation (Krause, 2020b). These
criteria were discussed at international meetings, including by FDA’s Vaccines and Related Biological Products
Advisory Committee which endorsed the criteria as laid out in the EUA Guidance (Food and Drug Administration,
2020c).

 In making products available to the public, FDA is appropriately limited to its statutory authority to determine
whether the indications and labeling proposed by the developer meet the applicable standards based on
objective reviews of the supporting data. Data from additional studies may support additional indications, for
example, efficacy against transmission, duration of immunity, or efficacy against serious outcomes—and the FDA
will include this information in the prescribing information/fact sheet if the data support these indications or
assertions. If public health authorities choose to make decisions without formal FDA review of these data, they
may look to other sources, but the FDA does not have the authority to require submission of all of the data that
might eventually be used to support public health decisions, nor would it be appropriate for FDA to decide to
withhold an otherwise appropriate authorization or approval (e.g., for a safe and effective vaccine that would
save lives) if it thought some potentially useful piece of data (e.g., its efficacy against viral transmission) were
missing. The authors’ claim that FDA will cause harm by putting public health officials in a position where they
are tempted to extrapolate communications beyond the evidence puts the responsibility in the wrong place. It is
the FDA’s role to ensure that the evidence is completely and fairly presented, but it is a separate responsibility
for public health officials and politicians to be honest about what FDA has concluded.

The COVID vaccine trials

The authors also provide a critique of the design of the COVID vaccine trials. A careful look at the record shows
that the major failures were not in the design of the original trials or the criteria used by the FDA, but in the
incuriousness of the public health establishment to obtain additional useful and reliable data about important
vaccine parameters. Here, I have the following comments:

Serious outcomes and ages of trial participants

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/emergency-use-authorization-medical-products-and-related-authorities
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/emergency-use-authorization-medical-products-and-related-authorities
https://web.archive.org/web/20200701070333/https:/www.fda.gov/media/139638/download
https://web.archive.org/web/20201201002608/https:/www.fda.gov/media/142749/download
https://pmc.ncbi.nlm.nih.gov/articles/PMC7832749/
https://www.nejm.org/doi/full/10.1056/NEJMp2031373
https://www.nejm.org/doi/full/10.1056/NEJMp2031373
https://www.nejm.org/doi/full/10.1056/NEJMp2031373
https://www.fda.gov/advisory-committees/advisory-committee-calendar/vaccines-and-related-biological-products-advisory-committee-october-22-2020-meeting-announcement#event-materials
https://www.fda.gov/advisory-committees/advisory-committee-calendar/vaccines-and-related-biological-products-advisory-committee-october-22-2020-meeting-announcement#event-materials
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The authors suggest that the original studies should have been powered to detect serious outcomes such as
hospitalization or death.  But we already know from experience that vaccines that are protective against mild
outcomes will be at least as protective against serious outcomes. As the authors themselves point out, since
symptomatic infection is a precondition for severe disease and death, it was likely that the Covid vaccines also
prevented severe disease and death.  Because the outcomes are rarer, trials against serious outcomes need to
be much larger, unnecessarily increasing the number of people and time needed before life-saving treatments
can become available. 

Indeed, the authors appear to further contradict themselves as they point out, “Careful observational studies,
such as the previously mentioned Qatari and Swedish studies, later verified both the efficacy against severe
disease among the old ….” In addition, data from New York State (which collected high quality data in a large
population over the course of the pandemic) showed that vaccination consistently protected from hospitalization
at a rate of 89.5% or higher (Rosenberg, 2021).  Thus, the trials as originally designed did in fact provide the
expected information regarding serious outcomes. 

Would it have been a good idea to change the age distribution of the original trials to focus on the elderly as the
authors suggest? While the greatest risk was in the elderly, there was still substantial risk in younger adults. In
2020, before vaccines became widely available, over 10% of deaths in Americans over age 44 had COVID as an
underlying cause, and over 5% of deaths in those aged 25-44 had COVID as an underlying cause (Ahmad et al). 
Even the youngest adults risked dying of COVID (Williams, 2024). Through 2020, COVID had become the third
most common cause of death in the US, behind heart disease and cancer. A trial, as proposed by the authors,
that excluded younger adults would have justly been subject to substantial criticism. The authors allude to early
fears that the elderly might be excluded from COVID vaccine efficacy trials (Helfand, et al 2020), but thanks to
the foresight of FDA/OVRR, the studies that were performed (Baden 2020, Polack 2020, Heath 2021, and Sadoff
2021) all included substantial proportions of elderly participants and were large enough to show that the vaccines
were highly effective regardless of age group.

The author’s statement that mRNA vaccines did not reduce all-cause mortality is based on a flawed interpretation
of summarized outcomes against all-cause mortality from the original clinical trials (Benn 2023). These trials were
too small to determine the vaccines’ effect on mortality, and the cited paper reported very wide confidence
intervals. Larger studies have shown clear benefit of vaccination in reducing all-cause mortality (e.g., Dahl 2024).

Transmission

The authors suggest that a household exposure study to evaluate vaccine efficacy against transmission should
have been embedded in the original COVID vaccine efficacy trials. While it is important to understand the impact
of a vaccine on transmission, this is normally not the primary goal of the first vaccine trial.  A study similar to the
authors’ proposed household exposure study demonstrated that the chickenpox vaccine reduced household
transmission (Merck and Co., 1995), but this appropriately was a different study from the original efficacy trial.
Nobody would study vaccine impact on transmission without first demonstrating an impact on disease. Thus, the
failure was not in the design of the initial studies, but it was in the absence of follow-up to answer critical
additional questions required to support downstream policy decisions. Even if a household transmission study
had been done, other study designs would also have been useful because a vaccine that fails to prevent
household transmission might still reduce community transmission, at least for some period of time, and once
vaccine became generally available, it may have become more difficult to enroll households in which some
members agreed to potentially be randomized to placebo.

Safety

The authors correctly point out that there is unavoidably less information available about safety when a vaccine
is newly released than after more experience has been obtained.  Substantial improvements in the ability to
study vaccine safety in recent years using large databases has permitted the evaluation of even very rare
vaccine side-effects.  Along with other sources of information, the FDA and CDC use the “VAERS” database, which
relies on spontaneous reporting to generate hypotheses about potential adverse events.  The databases are then
used to determine more rigorously whether or not these potential adverse reactions truly occur in temporal
proximity to vaccination. 

In the COVID pandemic, a substantial opportunity to collect additional highly reliable safety information was
missed. FDA/OVRR reviewers pointed out that, since at the time vaccines were authorized, there was

https://www.cdc.gov/mmwr/volumes/70/wr/mm7037a7.htm?s_cid=mm7037a7_w
https://www.cdc.gov/mmwr/volumes/70/wr/mm7037a7.htm?s_cid=mm7037a7_w
https://www.cdc.gov/mmwr/volumes/70/wr/mm7037a7.htm?s_cid=mm7037a7_w
https://www.cdc.gov/mmwr/volumes/70/wr/mm7014e1.htm
https://pmc.ncbi.nlm.nih.gov/articles/PMC11296004/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7522773/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7522773/
https://d.docs.live.net/6039eabe1a83936b/Documents/Baden
https://www.nejm.org/doi/full/10.1056/NEJMoa2035389
https://www.nejm.org/doi/full/10.1056/NEJMoa2107659
https://www.nejm.org/doi/full/10.1056/NEJMoa2101544
https://www.nejm.org/doi/full/10.1056/NEJMoa2101544
https://pubmed.ncbi.nlm.nih.gov/37163200/
https://www.medrxiv.org/content/10.1101/2024.12.15.24319058v1
https://www.merck.com/product/usa/pi_circulars/v/varivax/varivax_pi.pdf
https://www.merck.com/product/usa/pi_circulars/v/varivax/varivax_pi.pdf
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considerably more vaccine demand than supply, it would be ethical to distribute vaccines within priority groups
not just on a first-come first served basis, but based on an arguably much more fair approach of random
allocation.  Random allocation of vaccine appointment times would have allowed unbiased comparison of adverse
events in far more people (even millions) between people who had and had not yet been vaccinated than were
feasible to include in the original clinical trials, and might have led to much earlier detection of rare events after
vaccination like myocarditis, Guillain-Barre syndrome, or Thrombosis with Thrombocytopenia Syndrome.  This
idea was discussed in public at FDA’s VRBPAC meeting on 12/10/20 (Food and Drug Administration, 2020d), but
vaccine distribution and implementation plans were considered too advanced to allow for randomized collection
of this potentially important safety data.  It also has been noted that a similar approach could also be used in a
future pandemic to collect additional efficacy data during vaccine roll-out, which could help to further define
efficacy against rare outcomes like hospitalization or death.

Duration of protection and boosters

The authors unfairly criticize the FDA for allowing the original clinical trials to be terminated too early to collect
longer term data on duration of vaccine efficacy. Before the vaccines became available, FDA/OVRR  stipulated
that studies of long term efficacy and immunity should be performed (Food and Drug Administration, 2020a and
Food and Drug Administration, 2020b), but once vaccine became available based on strong efficacy data, it was
not possible to prevent placebo recipients from obtaining vaccine, which made it impossible to obtain randomized
controlled data on long term efficacy.

In the absence of vaccine effect against transmission, the major justification for boosting should have been to
protect vaccine recipients against severe disease, if necessary. Although the continued evolution of the SARS-
CoV-2 virus into new variants caused the vaccines to lose efficacy against symptomatic COVID over time,
protection from severe disease has been considerably more resilient, probably because the vaccines induce cell-
mediated immunity against cellular immune epitopes that, to date, continue to be shared by variants.  However,
some individuals, especially the elderly and immunocompromised, have higher risk because their cellular
immune responses are weaker.  The original universal recommendation (Banco, 2021) for boosters did not
adequately consider data showing that vaccine protection against severe disease was maintained over time
(Krause, 2021), and made it appear that political considerations were at least as important as public health
considerations in decision-making about boosters.

The fairly loose criterion, that the “product may be effective” and that the “benefits… may…outweigh the …risks”
allowed even relatively ineffective products like convalescent plasma, hydroxychloroquine or COVID vaccine
boosters (at least when applied to the general population) to meet the criteria to be made available under EUA.
Indeed, the updated COVID vaccines (including boosters) received full licensure for adults and adolescents only in
2023 (Food and Drug Administration, 2023), and COVID vaccines still are available only under EUA for children
under age 12 (Food and Drug Administration, 2024).  Because it generally isn’t made clear to the public what the
reasons are for a given product to be made available under the flexible and broad EUA criteria instead of being
fully licensed, the public has no way to interpret these apparent discrepancies. Also, all products that might be
perceived to meet the EUA criteria do not necessarily need to be authorized, especially where better alternatives
exist. Requiring the FDA to transparently make the reasons for these decisions more explicit (especially the
reasons why a “authorized” product has not yet been “approved” and how a newly authorized product fits in the
context of other available therapies and vaccines) could help place the data and conclusions being used by public
health officials to support their recommendations into a more appropriate context.

To conclude, Drs. Bhattacharya and Kulldorff make a worthwhile contribution to the literature regarding COVID
vaccine development and deployment. While some of their conclusions should be tempered by a closer
examination of the underlying facts and realities, this is an important discussion that I hope will help to better
prepare us all for the next pandemic.
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Executive Summary

The paper presents a substantive critique of COVID-19 vaccine trials and subsequent public health
communications. While the core arguments regarding trial design limitations and data interpretation are well-
founded, several areas require refinement to strengthen the analysis and ensure precise academic discourse.

Strengths

The paper effectively identifies significant issues in the COVID-19 vaccine trials and provides actionable solutions
that could have enhanced trial quality and public health communication accuracy. The authors' conclusions
regarding the FDA's role in requiring clinically important outcomes and the need for more precise public health
messaging are well-supported by the evidence presented.
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Areas Requiring Refinement

Trial Design and Primary Outcome Selection

The authors' characterization of the trials as having "failures in design" requires important clarification. While
their critique of primary outcome selection is valid, it should be distinguished from the overall trial design quality.
The trials were, in fact, methodologically robust and well-designed to detect their chosen primary outcome of
symptomatic infection. The authors should more precisely frame their critique by acknowledging this distinction:
the limitation lies not in the trial design methodology itself, but rather in the selection of primary outcomes that
were not optimally aligned with the most clinically meaningful endpoints.

The authors should revise their analysis to reflect that primary outcome selection, while an integral component of
trial design, is just one element among many. The trials successfully achieved their stated objective of measuring
vaccine efficacy against symptomatic infection through sound methodology, appropriate sample size calculations,
and proper follow-up protocols. However, the authors make a valid point that for a disease primarily threatening
through hospitalization and death, choosing symptomatic infection rather than these serious clinical outcomes as
the primary endpoint represents a missed opportunity to gather more clinically relevant data. This more nuanced
analysis would strengthen their argument while maintaining scientific accuracy about trial design quality.

Trial Interpretation versus Data Extrapolation

The paper's discussion of "interpretation failures" would be more precisely characterized as inappropriate
extrapolation of trial data. This distinction is crucial as it suggests public health officials were aware of the data's
limitations when making broader claims about vaccine efficacy. The paper should emphasize how claims
exceeded what the trial data could support, rather than focusing on misinterpretation of the available evidence.

Current Evidence State: COVID-19 Vaccine Impact on Hospitalization and Death

A critical limitation of the paper is its insufficient emphasis on how our current understanding of vaccine impacts
on hospitalization and death derives entirely from observational studies. Since the original randomized controlled
trials were not designed to examine these crucial clinical outcomes, as the authors point out, the scientific
community has had to rely on observational data, which is inherently unreliable for determining intervention
efficacy. This reliance on observational studies, which are particularly susceptible to healthy vaccinee bias,
means that the true impact of COVID-19 vaccines on hospitalization and death remains uncertain. Indeed, in
observational studies it has been found that healthy user bias may have accounted for the entire reduction in
COVID-19 death associated with vaccination, highlighting the unreliability of such data for determining vaccine
effectiveness. The paper should explicitly acknowledge this uncertainty and explain how the original trial design
limitations have left us without reliable evidence regarding these critical outcomes. This uncertainty extends to
both COVID-specific and all-cause outcomes, a distinction that requires clear delineation in the analysis. For
review of the evidence regarding this uncertainty see this non-peer reviewed paper I co-authored).

Transmission Prevention and Fundamental Vaccine Goals

The paper's abstract opens with the statement "For the Covid vaccines, the fundamental goal was not to prevent
mild infections but to prevent deaths, hospitalizations, and transmission." This characterization requires
correction, as it incorrectly positions transmission prevention as a fundamental goal of COVID-19 vaccination.
While reducing deaths and hospitalizations are indeed fundamental vaccine goals, transmission reduction
represents a potential secondary benefit rather than a primary objective. Some effective vaccines achieve their
primary goal of preventing severe outcomes without reducing transmission, as demonstrated by the acellular
pertussis vaccine, which successfully prevents severe disease while having minimal impact on transmission.

Mechanisms of Vaccine Protection

The paper presents a dichotomy between vaccines working "directly" by protecting the vaccinated person or
"indirectly" by preventing viral spread. This framework needs refinement, as it does not accurately reflect how
vaccines prevent hospitalization and death. A more precise dichotomy would distinguish between infection
prevention and symptom severity reduction. Historically, vaccines have worked either through both direct and
indirect mechanisms—preventing infection or reducing symptom severity (and reducing transmission)—or

https://www.nejm.org/doi/full/10.1056/NEJMc2306683
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through direct protection alone by reducing disease severity without affecting transmission. Importantly, no
vaccine has ever prevented hospitalization and death solely through indirect means of transmission reduction
without providing direct protection to the vaccinated individual.

The relationship between symptom severity reduction and transmission deserves particular attention. When a
vaccine reduces symptom severity, it can affect transmission in two opposing ways. It may decrease transmission
by reducing symptoms that typically facilitate spread, such as coughing or sneezing. Conversely, as the authors
correctly note, reducing symptom severity could potentially increase transmission by enabling more
asymptomatic spread, as infected individuals may be unaware of their infection status and continue normal
activities. This complex relationship between severity reduction and transmission further demonstrates why
framing vaccine mechanisms in terms of infection prevention versus symptom severity reduction provides a more
accurate model for understanding vaccine effectiveness and evaluating clinical trial endpoints.

Supporting Evidence for Transmission Effects

The paper's discussion of potential transmission increases due to symptom reduction warrants expansion with
supporting evidence. The authors could strengthen their analysis by examining several corroborating
observations. Israel's experience in August 2021 provides a compelling case study: despite achieving one of the
world's highest vaccination rates, the country experienced one of the highest per capita COVID-19 infection rates
globally. This outcome would be improbable if the vaccine significantly reduced transmission, and potentially
suggests the opposite effect. Similarly, global trends throughout 2021 showed many highly vaccinated nations
experiencing higher per capita infection rates than countries with lower vaccination rates, as documented by
OurWorldInData.org. While these population-level observations remain circumstantial, they align with the
hypothesis that symptom suppression might facilitate transmission. Furthermore, the authors could draw
parallels with the pertussis acellular vaccine, which demonstrates a historical precedent for vaccines that
effectively reduce disease severity while having limited impact on transmission has potentially resulted in the
vaccine increasing asymptomatic transmission.

Safety Analysis Limitations

The paper should emphasize how the accelerated authorization process impacted safety monitoring. The trial's
safety analysis period was deliberately shortened to expedite authorization, accepting an increased risk of
missing serious safety signals. With a median follow-up of only two months after the second dose, half of the
participants had less than two months of safety data, and thousands had not yet received their second dose.
Even within this abbreviated monitoring period, a re-analysis of the original trial data published more than a year
after authorization identified a statistically significant increase in the incidence of serious adverse events in the
Pfizer vaccine group that was present in the original data but went unreported during the initial review. (Note I
was a co-author of this paper).  In addition, in the same re-analysis it was demonstrated that the vaccine group
experienced an increase in the rate of SAEs higher than the reduction in hospitalization the vaccine offered.
Given that the trial was not powered to examine hospitalization, it remains unclear whether extending the trial
duration or enrolling higher-risk participants would have demonstrated that the vaccine's benefits outweighed
this increase in serious adverse events. These important points are relevant to the author's arguments and may
deserve mention. 

All-Cause Outcomes and Safety Assessment

The paper's statement that "Unlike efficacy, randomized clinical trials are insufficient to determine whether a
vaccine or drug is sufficiently safe to administer" requires revision. This assertion overlooks how a well-designed
trial using all-cause hospitalization or death as its primary outcome could simultaneously demonstrate both
efficacy and safety. A trial showing a reduction in all-cause adverse outcomes would inherently establish that an
intervention's benefits outweigh its risks. Neither the Pfizer nor Moderna trials have published their all-cause
hospitalization data, leaving this crucial assessment incomplete. Had the trials been designed with all-cause
outcomes as primary endpoints, they could have provided clear evidence of net benefit while addressing safety
concerns through a single, robust measure.

Use of "Unscientific"

The paper's use of the term "unscientific" in both the abstract and main text requires more precise language.
When discussing recommendations regarding the COVID-19 vaccine, the term could be interpreted in multiple
ways and may not effectively convey the authors' intended critique. A more precise characterization would be to
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state that these recommendations were not supported by high-quality evidence, providing a clearer and more
specific criticism of the evidence base underlying these decisions.

Use of "Unethical"

The term "unethical" carries significant weight in academic discourse and requires careful justification,
particularly in medical research and public health contexts. When authors characterize actions or decisions as
unethical, they should provide clear reasoning based on established ethical frameworks and principles. The paper
uses this term in several contexts that warrant more rigorous explanation.

Regarding vaccine mandates, the authors could strengthen their position by applying established medical ethics
principles. A fundamental principle holds that forcing medical interventions on unwilling individuals violates
individual autonomy and is generally considered unethical, even for potentially life-saving treatments. The only
widely accepted exception occurs when an intervention provides substantial external benefits to others, such as
vaccines that prevent disease transmission. Since COVID-19 vaccines have not demonstrated meaningful
transmission reduction, they do not qualify for this exception, providing a clear ethical framework for opposing
mandates.

The paper's characterization of early trial termination as unethical requires more nuanced discussion. This
decision involved balancing emergency pandemic conditions against the value of continued data collection. The
authors should clarify whether their ethical concerns stem from ending the trial for all participants or specifically
for those not yet eligible for vaccination under initial authorization guidelines. Given the limited vaccine supply
during early authorization, ending the trial for those not yet eligible for vaccination could have delayed access for
higher-risk individuals, presenting a distinct ethical consideration.

In discussing global vaccine distribution, the paper invokes ethical concerns about vaccine access disparities
between higher and lower-income nations. While equity in global health resource allocation raises important
ethical considerations, presenting this solely as an ethical issue oversimplifies the complex interplay of practical,
political, and moral factors affecting vaccine distribution. The authors should acknowledge these competing
considerations while building their ethical argument.

Booster Trial Analysis

The paper's examination of booster trial limitations warrants expansion, particularly regarding two concerns.
First, the authorization of boosters in September 2021 occurred in a context where documented COVID-19 cases
in the United States exceeded 100 million, with actual infections likely substantially higher given limited testing
availability. This epidemiological reality meant that approximately half the population had experienced prior
infection, yet the clinical trials had not systematically evaluated vaccine safety or efficacy in this substantial
demographic. The authorization of boosters for a population where a significant proportion had prior infection,
without adequate testing in this subgroup, represents a departure from standard clinical trial practice that merits
critical examination.

Second, the regulatory approach to surrogate endpoints requires scrutiny. The FDA's position on antibody testing
was against the use of SARS-CoV-2 antibody test results to evaluate immunity or protection. However, this
position was apparently contradicted when antibody testing in mice was accepted as a primary outcome measure
for bivalent booster authorization. This inconsistency in regulatory standards, particularly for such a widely
deployed intervention, deserves mention in the paper.

Historical Trial Comparison Analysis

The paper's comparison between the polio and COVID-19 vaccine trials requires more consistent analytical
standards and greater precision in evaluating trial outcomes. While the comparative approach provides valuable
insights, several aspects of the analysis need refinement to ensure equivalent evaluation of both trials.

The authors' statement that the polio vaccine trial "provided solid proof the vaccine worked" needs more precise
characterization. In the immediate post-trial period, both the polio and COVID-19 vaccine trials demonstrated
efficacy for their respective endpoints. The polio trial showed reduction in paralysis, while the COVID-19 trials
showed reduction in symptomatic infection. The distinction lies not in whether the vaccines "worked," but in the
clinical significance of the endpoints measured.
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The paper's assertion that without the polio trial, "public health officials would have been shooting in the dark,
giving advice to parents about the efficacy of the product without real data underlying it" requires clarification.
This statement implies a false dichotomy between the polio trial design and potential alternatives. A more
accurate comparison would note that the polio trial allowed officials to confidently communicate reduction in
paralysis risk, while the COVID-19 trials only supported claims about reducing flu-like symptoms. This distinction
emphasizes the importance of selecting clinically meaningful primary outcomes.

The authors' reference to polio being "now eradicated in the United States and most of the world" introduces
information that extends beyond the trial comparison timeframe. The paper should maintain consistent temporal
boundaries when comparing the trials, focusing on what was known in the immediate post-trial period. If the polio
vaccine's impact on transmission was not demonstrated in the original trial but discovered later, this should be
explicitly stated to maintain analytical consistency.

Causality in Public Trust Analysis

The paper makes several assertions about the relationship between various events and declining public trust in
vaccines and health institutions. While these relationships may exist, the paper's causal claims require more
rigorous substantiation. For instance, the statement "Consequently, trust in vaccines has plummeted" and cites
(Siani and Tranter, 2022) a survey comparing vaccine hesitancy between 2019 and 2022, but this citation only
demonstrates correlation, not causation. Similar causal claims regarding loss of trust in public health officials
appear in the abstract and multiple sections without adequate supporting evidence. The authors should either
provide empirical evidence demonstrating causality or modify these statements to acknowledge the potential
complexity of factors influencing public trust and vaccine hesitancy.

Sympomatic COVID-19 Infection Definition

The paper would benefit if it offered the definition of symptomatic COVID-19 infection as used in the clinical trials.
The FDA's official definition required both a positive COVID-19 PCR test and at least one qualifying symptom.

Citation and Reference Accuracy

The paper contains several statements requiring additional citation support or correction of existing references:

The claim that public health officials "promised that the vaccine would provide long-lasting protection against
getting, spreading, and dying from Covid" needs specific citations to verify these statements.

The assertion regarding 1952 polio deaths requires a historical reference to support the specific number cited.

The paper incorrectly cites Moher et al. (1994) regarding the Salk polio vaccine trial size. While this reference
discusses statistical power in randomized controlled trials generally, it does not specifically analyze the Salk trial.
The authors should locate and cite primary sources about the Salk trial's design considerations.

Conclusion

While the paper presents valuable insights regarding COVID-19 vaccine trials and public health communication,
implementing these refinements would strengthen its academic rigor and impact. The core arguments are sound,
but greater precision in terminology, evidence presentation, and ethical argumentation would enhance its
contribution to the scientific discourse.
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