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FOR PUBLICATION
UNITED STATES COURT OF APPEALS
FOR THE NINTH CIRCUIT
HEALTH FREEDOM DEFENSE No. 22-55908
FUND, INC., a Wyoming Not-for-
Profit Corporation; JEFFREY D.C. No.
FUENTES; SANDRA GARCIA; 2:21-cv-08688-
HOVHANNES SAPONGHIAN; DSF-PVC
NORMA BRAMBILA;
CALIFORNIA EDUCATORS FOR
MEDICAL FREEDOM, OPINION

Plaintiffs-Appellants,
V.

ALBERTO CARVALHO, in his
official capacity as Superintendent of
the Los Angeles Unified School
District; ILEANA DAVALOS, in her
official capacity as Chief Human
Resources Officer for the Los Angeles
School District; GEORGE
MCKENNA; MONICA GARCIA;
SCOTT SCHMERELSON; NICK
MELVOIN; JACKIE GOLDBERG;
KELLY GONEZ; TANYA ORTIZ
FRANKLIN, in their official
capacities as members of the Los
Angeles Unified School District
governing board,
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Defendants-Appellees.

Appeal from the United States District Court
for the Central District of California
Dale S. Fischer, District Judge, Presiding

Argued and Submitted En Banc March 18, 2025
San Francisco, California

Filed July 31, 2025

Before: Mary H. Murguia, Chief Judge, and Kim McLane
Wardlaw, Consuelo M. Callahan, John B. Owens, Mark J.
Bennett, Bridget S. Bade, Daniel P. Collins, Kenneth K.
Lee, Danielle J. Forrest, Salvador Mendoza, Jr. and Roopali
H. Desai, Circuit Judges.

Opinion by Judge Bennett;
Dissent by Judge Owens;
Partial Dissent by Judge Lee

SUMMARY"*

COVID-19 Vaccination Policy

The en banc court affirmed the district court’s judgment
on the pleadings in favor of the Los Angeles Unified School

* This summary constitutes no part of the opinion of the court. It has
been prepared by court staff for the convenience of the reader.
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District (LAUSD) in an action brought pursuant to 42 U.S.C.
§ 1983 alleging that LAUSD’s COVID-19 vaccination
policy (the Policy), which required all employees to be fully
vaccinated, violated plaintiffs’ substantive due process and
equal protection rights.

Plaintiffs alleged that the Policy violated their
fundamental right to bodily integrity in refusing medical
treatment because COVID-19 vaccines are therapeutic
treatments that reduce symptoms but do not prevent
infection or transmission and additionally pose significant
health risks to the recipients. Plaintiffs also alleged that the
Policy violated their right to equal protection because it
arbitrarily classifies employees based on their vaccination
status.

As a threshold issue, the en banc court held that this case
was not moot. Although LAUSD rescinded the Policy
shortly after oral argument before the three-judge panel, the
court could still grant effective relief by ordering
reinstatement of the individual plaintiffs who remain
terminated from their original positions under the Policy.

On the merits, the en banc court, joining all the sister
circuits that have considered substantive due process
challenges to COVID-19 vaccine mandates, held that the
Policy was subject to rational basis review because Jacobson
v. Massachusetts, 197 U.S. 11 (1905), which upheld a
smallpox vaccine mandate, remains binding. Jacobson
holds that the constitutionality of a vaccine mandate, like the
Policy here, turns on what reasonable legislative and
executive decisionmakers could have rationally concluded
about whether a vaccine protects the public’s health and
safety, not whether a vaccine actually provides immunity to
or prevents transmission of a disease.
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The Policy survives such review, as the LAUSD could
have reasonably concluded that COVID-19 vaccines would
protect the health and safety of its employees and
students. For this reason, plaintiffs’ equal protection claim
also failed under rational basis review. The en banc court
therefore affirmed the district court’s order granting
LAUSD’s motion for judgment on the pleadings.

Dissenting, Judge Owens wrote that the court lacks
jurisdiction because the case is moot, given that there is no
longer any policy for the court to enjoin or declare
unlawful. Nothing in the record (or the world) even hints at
the possibility that LAUSD would resurrect its COVID-19
vaccine mandate. The majority’s assertion that the
complaint’s boilerplate language fairly encompassed a
request for employment reinstatement did not survive close
inspection.

Dissenting in part, Judge Lee, joined by Judge Collins,
wrote that although he agrees that the case is not moot, he
believes that the court should not affirm the dismissal of this
lawsuit without permitting the plaintiffs to offer evidence to
rebut government officials’ far-reaching claims. Contrary to
the majority, he read the Supreme Court’s decision in
Jacobson as applying only if a vaccine prevents the
transmission and contraction of a disease. The plaintiffs
here plausibly claimed—at least at the pleading stage—that
the COVID-19 vaccine mitigates serious symptoms but does
not “prevent transmission or contraction of COVID-
19.” And if that is true, then Jacobson’s rational basis
review does not apply, and the court must examine the
vaccine mandate under a more stringent standard of
review. Ultimately, the plaintiffs may be wrong about the
COVID-19 vaccine, but they should be given a chance to
challenge the government’s assertions about it.
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OPINION
BENNETT, Circuit Judge:

This case concerns the Los Angeles Unified School
District’s (“LAUSD”) COVID-19 vaccination policy
(“Policy”), which essentially required all of its employees to
be fully vaccinated. As relevant here, Plaintiffs! filed suit
under 42 U.S.C. § 1983, claiming that the Policy violated
their Fourteenth Amendment substantive due process and
equal protection rights. The district court granted judgment
on the pleadings to the LAUSD.? Plaintiffs appeal. We have
jurisdiction under 28 U.S.C. § 1291 and affirm.

As a threshold issue, this case is not moot. Although the
LAUSD rescinded the Policy shortly after oral argument
before the three-judge panel, a court could still grant
effective relief by ordering reinstatement of the individual
Plaintiffs who remain terminated from their original
positions under the Policy.

On the merits, we hold that the Policy is subject to
rational basis review because Jacobson v. Massachusetts,
197 U.S. 11 (1905), is binding and controls. The Policy
survives such review, as the LAUSD could have reasonably
concluded that COVID-19 vaccines would protect the health
and safety of its employees and students. For this reason,
Plaintiffs’ equal protection claim also fails under rational

I “Plaintiffs” are the Health Freedom Defense Fund, California
Educators for Medical Freedom, and certain individuals who are or were
employed by the LAUSD.

2 Defendants are LAUSD employees and board members, named in their
official capacities. For simplicity, we refer to defendants collectively as
the “LAUSD.”
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basis review. We therefore affirm the district court’s order
granting the LAUSD’s motion for judgment on the
pleadings.

BACKGROUND AND PROCEDURAL HISTORY?

On January 30, 2020, the World Health Organization
declared COVID-19 a public health emergency. The next
day, President Trump and the Secretary of Health and
Human Services (“Secretary”) declared COVID-19 a public
health emergency. These emergency declarations were
renewed and extended into at least 2021. In February 2021,
President Biden extended the emergency declaration
because more than “500,000 people in th[e] Nation ha[d]
perished from the disease.” The Secretary renewed his
emergency declaration in January, April, and July 2021.

On August 13, 2021, the LAUSD issued the Policy
challenged here. The Policy established a mandatory
vaccination requirement for all LAUSD employees. Under
the Policy, employees had to be fully vaccinated* against
COVID-19 by October 15, 2021. The Policy allowed
employees to apply for religious or medical exemptions. But
even “exempt” employees were excludable from the

3 These facts are based on the allegations in the operative second
amended complaint, which we accept as true and construe in Plaintiffs’
favor. See Fleming v. Pickard, 581 F.3d 922, 925 (9th Cir. 2009). We
also consider documents incorporated into the complaint by reference.
See Webb v. Trader Joe’s Co., 999 F.3d 1196, 1201 (9th Cir. 2021). We
GRANT Plaintiffs’ motion to take judicial notice that the LAUSD voted
to withdraw the Policy on September 26, 2023. Dkt. No. 46.

4 The Policy defines “fully-vaccinated” as having “received the first and
second doses of the vaccine (or, in the case of Johnson & Johnson, the
single required dose) and [having] completed the two-week period that
follows to ensure maximum immunity.”
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workplace “[1]f a risk to the health and safety of others [could
not] be reduced to an acceptable level through a workplace
accommodation.” The Policy explained that its purpose was
to “provide the safest possible environment in which to learn
and work.”

At the time the LAUSD issued the Policy, health experts
had been recommending that individuals get COVID-19
vaccinations and had been reporting that such vaccinations
are effective in preventing and spreading the disease. For
example, the U.S. Centers for Disease Control and
Prevention (“CDC”) reported that COVID-19 vaccines “are
highly effective at protecting vaccinated people against
symptomatic and severe COVID-19,” and “[flully
vaccinated people are less likely to become infected” and
“less likely to get and spread SARS-CoV-2.” Interim Public
Health Recommendations for Fully Vaccinated People,
CDC (July 28, 2021),
https://stacks.cdc.gov/view/cdc/108355
[https://perma.cc/ AMWS8-KH3Z]. The director of the CDC
reiterated that COVID-19 vaccines prevent “severe illness
and death.” Madeline Holcombe & Christina Maxouris,
Fully Vaccinated People Who Get a Covid-19 Breakthrough
Infection Can Transmit the Virus, CDC Chief Says, CNN
Health (Aug. 6, 2021),
https://edition.cnn.com/2021/08/05/health/us-coronavirus-
thursday/index.html [https://perma.cc/Z5RV-UPLR]. Other
experts urged  that  “[g]etting  more  people
vaccinated . . . w[ould] help prevent other—potentially even
more aggressive—variants from arising in the future.” Id.
A former CDC director explained that
“outbreaks . . . w[ould] not be as explosive in areas with
higher vaccination coverage.” Id. And a children’s hospital
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president characterized “adult vaccination” as a “simple
solution” to protect children from COVID-19. Id.

After the LAUSD issued the Policy, health experts
continued to urge the public to get vaccinated. Indeed, the
CDC reported that “[v]accines remain the best public health
measure to protect people from COVID-19, slow
transmission, and reduce the likelihood of new variants
emerging.” Omicron Variant: What You Need to Know,
CDC (Dec. 9, 2021),
https://stacks.cdc.gov/view/cdc/112430
[https://perma.cc/B4EG-5QMR]. The CDC recommended
that “everyone 5 years and older protect themselves from
COVID-19 by getting fully vaccinated.” Id.

In November 2021, Plaintiffs filed this suit challenging
the Policy. The operative second amended complaint
(“SAC”) alleges that, under the Policy, the LAUSD
threatened to terminate employees who failed to get the
COVID-19 vaccination. According to the SAC, the LAUSD
terminated at least two of the individual Plaintiffs based on
their refusal to get vaccinated.

Although the SAC asserts several state and federal law
claims, the only claims before us are Plaintiffs’ Fourteenth
Amendment substantive due process and equal protection
claims brought under 42 U.S.C. § 1983. As to their due
process claim, Plaintiffs allege that the Policy violates their
fundamental right to bodily integrity in refusing medical
treatment, as the vaccines are “therapeutic treatments for
COVID and not vaccines at all.” According to Plaintiffs,
COVID-19 vaccines do not prevent infection or transmission
of COVID-19. Instead, the vaccines “only reduce symptoms
of those who are infected by COVID,” and thus they are
medical “treatments” and not traditional vaccines. The SAC
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also alleges that the COVID-19 vaccines “cause a
significantly higher incidence of injuries, adverse reactions,
and deaths than any prior vaccines that have been allowed to
remain on the market, and, therefore, pose a significant
health risk to recipients.”

Plaintiffs also claim that the Policy violates their right to
equal protection because it arbitrarily classifies employees
based on their vaccination status. The SAC alleges that
vaccinated and unvaccinated employees are similarly
situated because both groups can be infected with and
transmit COVID-19. Thus, in Plaintiffs’ view, the Policy
arbitrarily treats the unvaccinated differently.

In terms of relief, the SAC seeks “[tlemporary,
preliminary, and permanent injunctive relief restraining [the
LAUSD] from enforcing” the Policy. It also contains a
general prayer for relief for “such other and further relief as
the Court may deem just and proper.”

The LAUSD moved for judgment on the pleadings under
Federal Rule of Civil Procedure 12(c), and the district court
granted the motion in September 2022. The court
determined that, under Jacobson, the substantive due
process claim failed because the Policy did not violate any
fundamental right and survived rational basis review. The
district court also decided that the equal protection claim
failed under rational basis review. The district court’s order
permitted Plaintiffs to amend their equal protection and
ADA claims. Plaintiffs declined to do so and instead timely
appealed.

A divided three-judge panel of our court vacated the
district court’s order and remanded. Health Freedom Def.
Fund, Inc. v. Carvalho, 104 F.4th 715, 718 (9th Cir. 2024),
vacated and reh’g en banc granted, 127 F.4th 750 (9th Cir.
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2025). Before addressing the merits, the panel considered
whether the case had become moot in light of the LAUSD’s
recent recission of the Policy (twelve days after oral
argument). Id. at 721-22. Applying the voluntary cessation
exception to mootness, the panel majority determined that
the case was not moot because the LAUSD had failed to
show it was reasonably clear that the Policy would not be
reinstated.5 Id. at 722-24. Judge Hawkins dissented from
the majority’s mootness determination. Id. at 728-32
(Hawkins, J., dissenting). In his view, the case was moot
“[blecause there [wa]s no longer any policy for the court to
enjoin or declare unlawful.” [Id. at 732 (Hawkins, J.,
dissenting).

On the merits, the panel majority held that the district
court erred in applying Jacobson. Id. at 724-25. The
majority reasoned that Jacobson did not apply, much less
control, because it addressed only those vaccines that
provide immunity and prevent transmission. /d. Because
Plaintiffs alleged that COVID-19 vaccines, unlike traditional
vaccines, do not provide immunity and prevent transmission
(and the court must accept those allegations as true at the
judgment-on-the-pleadings stage), the panel majority held
that Jacobson did not apply. Id. Therefore, the panel
vacated the district court’s order and remanded for further
proceedings. Id. at 725.

5 See Rosemere Neighborhood Ass’'n v. EPA, 581 F.3d 1169, 1173 (9th
Cir. 2009) (“Under [the voluntary cessation exception to mootness], the
mere cessation of illegal activity in response to pending litigation does
not moot a case, unless the party alleging mootness can show that the
‘allegedly wrongful behavior could not reasonably be expected to

recur.”” (quoting Friends of the Earth, Inc. v. Laidlaw Env’t Servs.
(TOC), Inc., 528 U.S. 167, 189 (2000))).
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The LAUSD petitioned for rehearing en banc. Dkt. No.
56. While it continued to urge that the case was moot, the
LAUSD also argued that the three-judge panel had
misapplied Jacobson, creating a conflict with our sister
circuits. /d. at 13—17. A majority of our active judges voted
to rehear this case en banc, and we vacated the three-judge
panel opinion. Health Freedom, 127 F.4th 750.

STANDARD OF REVIEW

“We review de novo an order granting a Rule 12(c)
motion for judgment on the pleadings. We must accept all
factual allegations in the complaint as true and construe them
in the light most favorable to the non-moving party.”
Fleming v. Pickard, 581 F.3d 922, 925 (9th Cir. 2009)
(citation omitted). Along with the complaint, we may also
consider documents incorporated into the complaint by
reference and matters of which we may take judicial notice.
Webb v. Trader Joe’s Co., 999 F.3d 1196, 1201 (9th Cir.
2021). “Judgment on the pleadings is properly granted when
there is no issue of material fact in dispute, and the moving
party is entitled to judgment as a matter of law.” Fleming,
581 F.3d at 925.

DISCUSSION
I.

We first explain why this case is not moot even though
the Policy has been rescinded. “The test for mootness of an
appeal is whether the appellate court can give the [plaintiff]
any effective relief in the event that it decides the matter on
the merits in his favor. If it can grant such relief, the matter
is not moot.” Garcia v. Lawn, 805 F.2d 1400, 1402 (9th Cir.
1986) (emphasis added). In the context of injunctive relief,
a case is not moot if the court is able to “undo” the effects of



(15 of 94)
Case: 22-55908, 07/31/2025, ID: 12935203, DktEntry: 103-1, Page 14 of 4:

14 HEALTH FREEDOM DEF. FUND, INC. V. CARVALHO

the alleged illegal action. Id.; see, e.g., id. (“The question
[of mootness] thus becomes whether we can now give
[plaintiff] effective relief which would ‘undo’ the effects of
the alleged retaliatory action . . . .”).

The SAC seeks “injunctive relief restraining [the
LAUSD] from enforcing the [Policy]” and “other and further
relief as the Court may deem just and proper.” The SAC also
alleges that one of the individual Plaintiffs was terminated
from employment by the LAUSD for refusing to be
vaccinated and another was “separated from his employment
with LAUSD” after objecting to being vaccinated. There is
no suggestion that these individuals have been reinstated,®
and so construing these allegations in Plaintiffs’ favor, see
Fleming, 581 F.3d at 925, we accept that these individuals
remain terminated from their original positions.

Given the SAC’s broad request for any proper injunctive
relief, along with the allegations that individual Plaintiffs
have been terminated under the Policy and have not been
reinstated to their prior positions, the SAC fairly
encompasses a request for reinstatement. See Garcia, 805
F.2d at 1402—04 (noting that reinstatement to a prior position
can be a proper injunctive remedy). Because reinstatement
would undo some effects of the alleged illegal action—the
LAUSD’s enforcement of the Policy—a court could grant
effective relief despite the Policy’s rescission.” Thus, this

¢ Indeed, during en banc oral argument, Plaintiffs’ counsel represented
that at least one individual remains terminated from his original full-time
position. Oral Arg. at 1:47-2:12.

" During en banc oral argument, Plaintiffs’ counsel confirmed that if the
case were remanded, Plaintiffs would explicitly seek reinstatement for
all the individual Plaintiffs who have not been reinstated to their former
positions. Oral Arg. at 52:14-52:25.
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case is not moot.® See id. at 1402-03 (holding, in an action
seeking an injunction, that the case was not moot because the
court could order reinstatement of the plaintiff to his prior
position); see also Norris v. Stanley, 73 F.4th 431, 433 n.1
(6th Cir. 2023) (holding, in similar circumstances, that the
case was not moot despite rescission of the vaccine policy at
issue because, among other reasons, there was no “indication
that [the university] ha[d] undone any of the negative
employment actions faced by [some of the plaintiffs], so the
harm plaintiffs faced ha[d] not been removed”), cert. denied,
144 S. Ct. 1353 (2024).

Our precedent supports that this case is not moot. In
Neighbors of Cuddy Mountain v. Alexander, 303 F.3d 1059
(9th Cir. 2002), the plaintiffs sought an injunction to stop a
timber sale on national forest land. [/d. at 1064-65.
Although the timber sale had been completed, we held that
the case was not moot because the alleged “harm to old
growth species may yet be remedied by any number of
mitigation strategies.” Id. at 1066. Significantly, we held
that such mitigation measures were fairly requested in the
complaint because “[ijn addition to an injunction, [the
plaintiffs’] complaint request[ed] ‘such further relief as may

8 For this reason, the LAUSD’s motion to dismiss is DENIED, Dkt. No.
49, and we need not (and do not) decide whether the voluntary cessation
exception to mootness applies. We also need not address whether our
recent decision in Kohn v. State Bar of California, 87 F.4th 1021 (9th
Cir. 2023) (en banc), cert. denied, 144 S. Ct. 1465 (2024), would permit
Plaintiffs to seek damages against the LAUSD. See Health Freedom,
104 F.4th at 72627 (R. Nelson, J., concurring) (opining that Kohn may
conflict with our precedent holding that California school districts have
sovereign immunity under the Eleventh Amendment); id. at 727 n.2 (R.
Nelson, J., concurring) (“If LAUSD does not have sovereign immunity,
Plaintiffs may be able to amend to raise a monetary claim, which would
be another reason this case is not moot.”).
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be necessary and appropriate to avoid further irreparable
harm.”” Id. In so holding, we noted that our prior case law
had recognized that we “may construe such requests for
[other appropriate] relief ‘broadly to avoid mootness.”” Id.
(quoting Headwaters, Inc. v. Bureau of Land Mgmt., 893
F.2d 1012, 1015 n.6 (9th Cir. 1989)); see also Oregon Nat.
Desert Ass’n v. U.S. Forest Serv., 957 F.3d 1024, 1032 n.7
(9th Cir. 2020) (explaining that, even though the complaint
“ask[ed] for injunctive relief only with respect to claims that
[were] not on appeal,” “we c[ould] consider further
injunctive relief in deciding whether th[e] appeal [wa]s
moot” because the complaint “also request[ed] ‘any such
further relief as requested by the Plaintiffs or as this Court
deems just and proper’ (citing Neighbors of Cuddy
Mountain, 303 F.3d at 1066)).°

% Judge Owens’s dissent argues that Neighbors of Cuddy Mountain’s
mootness rationale should be limited to “the narrow context of [National
Forest Management Act] and [National Environmental Policy Act]
violations.” Owens Dissent at 33. But we do not read Neighbors of
Cuddy Mountain as suggesting such a limitation. See 303 F.3d at 1065—
66. Indeed, in Neighbors of Cuddy Mountain, our mootness analysis
derived from the generally applicable and longstanding principle that “a
case is moot only where no effective relief for the alleged violation can
be given.” Id. at 1065; see also Garcia, 805 F.2d at 1402 (noting that
“[t]he test for mootness of an appeal”—“whether the appellate court can
give the appellant any effective relief in the event that it decides the
matter on the merits in his favor”—"“goes back at least to” the Supreme
Court’s decision in Mills v. Green, 159 U.S. 651 (1895)).

We also note that our conclusion that this case is not moot is consistent
with Z Channel Limited Partnership v. Home Box Office, Inc., 931 F.2d
1338 (9th Cir. 1991). Federal Rule of Civil Procedure 54(c) provides
that a final judgment “should grant the relief to which each party is
entitled, even if the party has not demanded that relief in its pleadings.”
In Z Channel, “[tlhe only relief expressly requested [in the
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Contrary to Judge Owens’s suggestion in his dissent,
Arizonans for Official English v. Arizona, 520 U.S. 43
(1997), does not undermine our conclusion that this case is
not moot. In Arizonans for Official English, the Supreme
Court noted that we had held that the case was not moot
because the plaintiff’s broad request for “other relief” could
encompass a request for nominal damages. /d. at 60 (quoting
Yniguez v. Arizona, 975 F.2d 646, 647 n.1 (9th Cir. 1992)
(per curiam)). The Supreme Court reversed that holding—
but not because we relied on the broad request for other
relief. Rather, the Supreme Court reversed because it would
have been impossible for the plaintiff there to seek nominal
damages against the state under 42 U.S.C. § 1983. Id. at 69
(“[T]he claim for relief the Ninth Circuit found sufficient to
overcome mootness was nonexistent [because] . . . § 1983
creates no remedy against a State.” (emphasis added)). But
here, reinstatement of the individual Plaintiffs to their
original positions is not impossible. See Doe v. Lawrence
Livermore Nat’l Lab’y, 131 F.3d 836, 83942 (9th Cir.
1997) (holding that a request for reinstatement of
employment is a request for prospective injunctive relief that

complaint] . . . was declaratory and injunctive relief,” and such relief had
become “clearly moot” on appeal. 931 F.2d at 1340. Applying Rule
54(c), we held that the unavailability of declaratory and injunctive relief
did not moot the case because, even though the plaintiff had not
expressly requested relief in the form of damages in its complaint, a court
could nonetheless award damages as a form of relief. Id. at 1340-41;
see also Walden v. Bodley, 39 U.S. (14 Pet.) 156, 164 (1840) (“Under [a]
general prayer for relief, the [cJourt [in equity] will often extend relief
beyond the specific prayer, and not exactly in accordance with it.”).
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falls within the Ex parte Young exception to Eleventh
Amendment immunity).1?

II.
A.

The Due Process Clause of the Fourteenth Amendment
includes “a substantive component that protects certain
individual liberties from state interference.” Mullins v.
Oregon, 57 F.3d 789, 793 (9th Cir. 1995). “Only those

10 Respectfully, we also disagree with Judge Owens’s dissent because it
is based on the incorrect premise that our holding rests only on the SAC’s
broad request for relief. Owens Dissent at 30-31. We also see no
violation of the party presentation rule. See United States v. Sineneng-
Smith, 590 U.S. 371, 375 (2020) (“In our adversarial system of
adjudication, we follow the principle of party presentation.”). As
previously explained, Plaintiffs themselves fairly raised a request for
reinstatement in the SAC.

“We have noted in cases involving questions of mootness that ordinary
discretionary principles of waiver and forfeiture can affect whether
certain relief is available.” United States v. Yepez, 108 F.4th 1093, 1099
n.1 (9th Cir. 2024); see Bain v. Cal. Tchrs. Ass’'n, 891 F.3d 1206, 1212
(9th Cir. 2018) (holding that the plaintiffs’ “eleventh hour” request for
damages was an attempt “to transform their lawsuit from a request for
prospective equitable relief into a plea for money damages to remedy
past wrongs”); Seven Words LLC v. Network Sols., 260 F.3d 1089, 1095
(9th Cir. 2001) (holding that the plaintiff’s belated request for damages
had been “effectively disavowed . . . for tactical reasons”). But Plaintiffs
here have neither waived nor forfeited their request for reinstatement to
their prior positions. Throughout this case (which was dismissed at the
pleadings stage), the gravamen of the relief sought by Plaintiffs has been
prospective injunctive relief to permit them to continue to work for the
LAUSD without also having to comply with the Policy. For this reason,
we also believe that the out-of-circuit and rescinded-COVID-19-policy
cases relied upon by Judge Owens are inapt. See Owens Dissent at 31—
32,31 n.1. In none of those cases did the courts find that they could still
grant effective injunctive relief consistent with the gravamen of the
injunctive relief sought by the respective plaintiffs all along.
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aspects of liberty that we as a society traditionally have
protected as fundamental are included within the substantive
protection of the Due Process Clause.” Id. When no
fundamental liberty interest is implicated, a legislative act
“must satistfy only the deferential rational basis standard of
review.” Erotic Serv. Provider Legal Educ. & Rsch. Project
v. Gascon, 880 F.3d 450, 455 (9th Cir.), amended by 881
F.3d 792 (9th Cir. 2018). Under that standard, we “merely
look to see whether the government could have had a
legitimate reason for acting as it did.” Dittman v. California,
191 F.3d 1020, 1031 (9th Cir. 1999) (quoting Halverson v.
Skagit County, 42 F.3d 1257, 1262 (9th Cir. 1994), amended
on denial of reh’g (9th Cir. Feb. 9, 1995)). “Rational basis
review is highly deferential to the government, allowing any
conceivable rational basis to suffice.” Erotic Serv. Provider,
880 F.3d at 457.

Like all our sister circuits that have considered
substantive due process challenges to COVID-19 vaccine
mandates, we hold that Jacobson controls our analysis. See
We The Patriots USA, Inc. v. Hochul, 17 F.4th 266, 293-94
(2d Cir.) (per curiam) (applying Jacobson to plaintiffs’ claim
that a COVID-19 vaccine mandate “violate[d] their
fundamental rights to privacy, medical freedom, and bodily
autonomy under the Fourteenth Amendment”), clarified, 17
F.4th 368 (2d Cir. 2021); Child.’s Health Def., Inc. v.
Rutgers, The State Univ. of N.J., 93 F.4th 66 (3d Cir.)
(holding that “Jacobson control[led],” id. at 80, plaintiffs’
claim that a COVID-19 vaccine mandate “violated their
substantive due process rights under the Fourteenth
Amendment,” id. at 78), cert. denied, 144 S. Ct. 2688
(2024); Norris, 73 F.4th at 435 (applying Jacobson to
plaintiffs’ substantive due process challenge to a COVID-19
vaccine mandate); Klaassen v. Trs. of Ind. Univ., 7 F.4th
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592, 593 (7th Cir. 2021) (holding that, because the court
“must apply the law established by the Supreme Court,”
Jacobson applied to plaintiffs’ substantive due process claim
challenging a COVID-19 vaccine mandate); see also
Antunes v. Becerra, No. 22-2190, 2024 WL 511038, at *1
(4th Cir. Feb. 9, 2024) (per curiam) (adopting the district
court’s decision in Antunes v. Rector & Visitors of Univ. of
Va., 627 F. Supp. 3d 553 (W.D. Va. 2022), which applied
Jacobson in rejecting plaintiff’s claim that a COVID-19
vaccine mandate violated her due process right to refuse
unwanted medical treatment, id. at 564-65), cert. denied,
145 S. Ct. 159 (2024); Brox v. Hole, 83 F.4th 87, 10001 (1st
Cir. 2023) (applying Jacobson’s rational basis test to a due
process challenge to a COVID-19 vaccination mandate
(based on plaintiffs’ failure to challenge the application of
the rational basis test) and holding that the mandate easily
satisfied rational basis review).

In Jacobson, the Supreme Court considered a
substantive due process challenge to a smallpox vaccination
requirement for all adult residents of Cambridge,
Massachusetts, with criminal penalties. 197 U.S. at 12—14.
The Massachusetts legislature provided that certain
municipalities could require vaccinations, if the board of
health of a municipality determined that “in its opinion, it
[wa]s necessary for the public health or safety . .. [to] require
and enforce the vaccination and revaccination of all [its]
inhabitants.” Id. at 12. The Board of Health of the City of
Cambridge adopted the following regulation in the face of a
health emergency:

Whereas, smallpox has been prevalent to
some extent in the city of Cambridge, and
still continues to increase; and whereas, it is
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necessary for the speedy extermination of the
disease that all persons not protected by
vaccination should be vaccinated; and
whereas, in the opinion of the board, the
public health and safety require the
vaccination or revaccination of all the
inhabitants of Cambridge; be it ordered, that
all the inhabitants of the city who have not
been successfully vaccinated since March
1st, 1897, be vaccinated or revaccinated.

Id. at 12-13.

Jacobson, who had been convicted for refusing to get
vaccinated for smallpox in violation of the Cambridge
regulation, id. at 14, argued that the statute was “hostile to
the inherent right of every freeman to care for his own body
and health in such way as to him seems best,” id. at 26. He
claimed, among other things, that the vaccine resulted in
“injurious or dangerous effects.” Id. at 23.

The Court first explained that state legislatures and other
policymakers have the authority to enforce ‘“reasonable
[laws] . . . as will protect the public health and the public
safety,” like vaccination requirements. /Id. at 25. But
because such laws remain subject to the Constitution of the
United States, the Court next considered whether the statute
violated a right to bodily integrity secured by the
Constitution. Id. at 25-26; see also Roman Cath. Diocese of
Brooklyn v. Cuomo, 592 U.S. 14, 24 (2020) (per curiam)
(Gorsuch, J., concurring) (“Mr. Jacobson claimed that he
possessed an implied ‘substantive due process’ right to
‘bodily integrity’ that emanated from the Fourteenth
Amendment . . . .”). The Court determined that the
Constitution secured no fundamental right to be free from
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vaccine requirements imposed to protect the safety and
health of the community. Jacobson, 197 U.S. at 26-27. And
the Court stressed that whether a vaccine requirement would
protect the safety and health of the community is a matter for
the legislature or policymakers, not a question for a court or
jury. Id. at 30 (“It is no part of the function of a court or a
jury to determine which one of two modes was likely to be
the most effective for the protection of the public against
disease. That was for the legislative department to determine
in the light of all the information it had or could obtain.”).

Having determined that Jacobson had no fundamental
right to refuse the vaccination, the Court essentially applied
rational basis review to his due process challenge. /d. at 31
(“[But] if a statute purporting to have been enacted to protect
the public health, the public morals, or the public safety, has
no real or substantial relation to those objects, or is, beyond
all question, a plain, palpable invasion of rights secured by
the fundamental law, it is the duty of the courts to so adjudge,
and thereby give effect to the Constitution.”); see also
Roman Cath. Diocese, 592 U.S. at 23 (Gorsuch, J.,
concurring) (“Although Jacobson pre-dated the modern tiers
of scrutiny, this Court essentially applied rational basis
review to Henning Jacobson’s challenge . . . .”). Because the
state legislature and the Cambridge Board of Health could
have reasonably concluded that requiring adults to get the
smallpox vaccine would protect the public’s health and
safety, the Court held that it survived rational basis review.
Jacobson, 197 U.S. at 30-31 (explaining that the legislature
could have found that the vaccine requirement “was likely to
be the most effective for the protection of the public against
disease,” id. at 30); id. at 38 (“[The Court] do[es] not
perceive that this [regulation] has invaded any right secured
by the Federal Constitution.”).
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Jacobson holds that the constitutionality of a vaccine
mandate, like the Policy here, turns on what reasonable
legislative and executive decisionmakers could have
rationally concluded about whether a vaccine protects the
public’s health and safety, not whether a vaccine actually
provides immunity to or prevents transmission of a disease.
Whether a vaccine protects the public’s health and safety is
committed to policymakers, not a court or a jury. Further,
alleged scientific uncertainty over a vaccine’s efficacy is
irrelevant under Jacobson. Jacobson simply does not allow
debate in the courts over whether a mandated vaccine
prevents the spread of disease. Jacobson makes clear that it
is up to the political branches, within the parameters of
rational basis review, to decide whether a vaccine effectively
protects public health and safety.

Jacobson is materially indistinguishable from this case.
Here, as in Jacobson, we are presented with a bodily
integrity substantive due process challenge to a vaccine
mandate imposed to protect the public’s health and safety in
response to a health emergency. Thus, under Jacobson, we
must apply rational basis review.

The Policy easily survives such review because (even
assuming the truth of Plaintiffs’ allegations) it was more than
reasonable for the LAUSD to conclude that COVID-19
vaccines would protect the health and safety of its employees
and students. The SAC concedes that COVID-19 vaccines
“lessen the severity of symptoms for individuals who receive
them.” From this, the LAUSD could have reasonably
determined that the vaccines would protect the health of its
employees. And as discussed above, the LAUSD could have
reasonably concluded, based on information in the
documents incorporated by reference into the SAC, that
COVID-19 vaccines would protect the health and safety of
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its students and employees. In fact, the CDC reported that
COVID-19 vaccines “are highly effective at protecting
vaccinated people against symptomatic and severe COVID-
19,” and “[f]ully vaccinated people are less likely to become
infected” and “less likely to get and spread SARS-CoV-2.”
Interim  Public Health Recommendations for Fully
Vaccinated ~ People, CDC  (July 28, 2021),
https://stacks.cdc.gov/view/cdc/108355

[https://perma.cc/ AMWSE-KH3Z]. The CDC also
recommended that “everyone 5 years and older protect
themselves from COVID-19 by getting fully vaccinated.”
Omicron Variant: What You Need to Know, CDC (Dec. 9,

2021), https://stacks.cdc.gov/view/cdc/112430
[https://perma.cc/B4EG-5QMR].
B.

We reject Plaintiffs’ attempt to limit Jacobson to only
those vaccines that prevent the spread of a disease and
provide immunity. Jacobson required no such findings. The
Court dealt with arguments very similar to Plaintiffs’ about
the nature of vaccines, including through offers of proof
made by Jacobson on which he sought to introduce expert
testimony:

Looking at the propositions embodied in
the defendant’s rejected offers of proof, it is
clear that they are more formidable by their
number than by their inherent value. Those
offers in the main seem to have had no
purpose except to state the general theory of
those of the medical profession who attach
little or no value to vaccination as a means of
preventing the spread of smallpox, or who
think that vaccination causes other diseases
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of the body. What everybody knows the
court must know, and therefore the state court
judicially knew, as this court knows, that an
opposite theory accords with the common
belief, and is maintained by high medical
authority. We must assume that, when the
statute in question was passed, the legislature
of Massachusetts was not unaware of these
opposing theories, and was compelled, of
necessity, to choose between them. It was not
compelled to commit a matter involving the
public health and safety to the final decision
of'a court or jury. It is no part of the function
of'a court or a jury to determine which one of
two modes was likely to be the most effective
for the protection of the public against
disease. = That was for the legislative
department to determine in the light of all the
information it had or could obtain. It could
not properly abdicate its function to guard the
public health and safety. The state legislature
proceeded upon the theory which recognized
vaccination as at least an effective, if not the
best-known, way in which to meet and
suppress the evils of a smallpox epidemic that
imperiled an entire population. Upon what
sound principles as to the relations existing
between the different departments of
government can the court review this action
of the legislature? If there is any such power
in the judiciary to review legislative action in
respect of a matter affecting the general
welfare, it can only be when that which the
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legislature has done comes within the rule
that, if a statute purporting to have been
enacted to protect the public health, the
public morals, or the public safety, has no real
or substantial relation to those objects, or is,
beyond all question, a plain, palpable
invasion of rights secured by the fundamental
law, it is the duty of the courts to so adjudge,
and thereby give effect to the Constitution.

Whatever may be thought of the
expediency of this statute, it cannot be
affirmed to be, beyond question, in palpable
conflict with the Constitution. Nor, in view
of the methods employed to stamp out the
disease of smallpox, can anyone confidently
assert that the means prescribed by the state
to that end has no real or substantial relation
to the protection of the public health and the
public safety.

197 U.S. at 30-31 (citations omitted).

As this discussion demonstrates, the Court determined
that Jacobson’s claims about the smallpox vaccine—very
similar to Plaintiffs’ claims—were immaterial, given the
other evidence from which the legislature could have
reasonably concluded that the vaccine would likely protect
the health and safety of the public.!! Jacobson thus applies

11 For this reason, we respectfully disagree with Judge Lee’s attempt to
limit Jacobson “to apply only if a vaccine prevents transmission and
contraction of a disease.” Lee Partial Dissent at 35. By rejecting
Jacobson’s argument—supported by offers of proof—that the smallpox
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to vaccination requirements regardless of whether such
vaccines actually provide immunity and prevent the spread
of disease or whether they provide no immunity and merely
render COVID-19 less dangerous to those who contract it,
so long as policymakers could reasonably conclude that the
vaccines would protect the public’s health and safety.!?

We also reject Plaintiffs’ argument that a heightened
standard of review applies based on a more recent line of
cases that, according to Plaintiffs, recognize a fundamental
right to refuse unwanted medical treatment. Plaintiffs
primarily rely on Cruzan ex rel. Cruzan v. Director,
Missouri Department of Health, 497 U.S. 261 (1990)
(stating that “a competent person has a constitutionally
protected liberty interest in refusing unwanted medical
treatment,” id. at 278), and Washington v. Glucksberg, 521
U.S. 702 (1997) (noting that the Court “ha[s] also assumed,
and strongly suggested, that the Due Process Clause protects
the traditional right to refuse unwanted lifesaving medical
treatment,” id. at 720 (citing Cruzan, 497 U.S. at 278-79)).

vaccine did not prevent the spread of the disease, the Court necessarily
held that whether the vaccine actually prevented the spread of smallpox
did not matter, given the contrary evidence from which policymakers
could reasonably conclude that the vaccine would protect the public’s
health and safety. See Jacobson, 197 U.S. at 30-31; see also Child.’s
Health Def., 93 F.4th at 79 (“Jacobson did not turn on the longevity of
the vaccine or consensus regarding its efficacy.”). Jacobson cannot be
cabined to circumstances that the Court found immaterial.

12 Even if the SAC plausibly alleged that COVID-19 vaccines do not
effectively provide immunity or prevent the spread of COVID-19 and
that they only reduce symptoms for the recipient, that would be
irrelevant. What matters is whether policymakers could reasonably
conclude that vaccination requirements are necessary to protect public
health and safety. Jacobson, 197 U.S. at 30-31.
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Whatever the reach of these cases, they did not overrule
Jacobson.13 See We The Patriots USA, 17 F.4th at 293 n.35
(“Jacobson remains binding precedent.”); Norris, 73 F.4th
at 436 (“[A]bsent any indication from the [Supreme] Court
that Jacobson is to be overruled or limited, [the court is]
bound to apply that decision to reject plaintiffs’ arguments
here.”). Indeed, even Plaintiffs do not go so far as to claim
that Jacobson is no longer good law. As Jacobson remains
binding and squarely governs this case, we must apply it.

I11.

Plaintiffs concede, and we agree, that their equal
protection claim is subject to rational basis review. See
Hooks v. Clark Cnty. Sch. Dist., 228 F.3d 1036, 1041 (9th
Cir. 2000) (“To withstand [a due process or equal protection
challenge under the] Fourteenth Amendment . . . , a
regulation must bear only a rational relation to a legitimate

13 Moreover, these cases do not address the circumstances addressed in
Jacobson: a due process challenge to a vaccine policy imposed to protect
the public’s health and safety. So we do not read these cases as
undermining Jacobson. But even if we did, we would still need to apply
Jacobson. See In re Twelve Grand Jury Subpoenas, 908 F.3d 525, 529
(9th Cir. 2018) (per curiam) (“Where Supreme Court precedent ‘has
direct application in a case,’ the Supreme Court has instructed ‘the Court
of Appeals [to] follow the case which directly controls,” even if it
‘appears to rest on reasons rejected in some other line of decisions,” and
thereby to ‘leav[e] to th[e] Court the prerogative of overruling its own
decisions.’” (alterations in original) (quoting Agostini v. Felton, 521 U.S.
203, 237 (1997))). We thus agree with our sister circuits that, despite
Cruzan and its progeny, Jacobson continues to control in cases
challenging COVID-19 vaccination policies. See We The Patriots USA,
17 F.4th at 293-94 (rejecting plaintiffs’ argument that Jacobson did not
apply because Cruzan and its progeny recognized a fundamental right to
refuse medical treatment); Child.’s Health Def., 93 F.4th at 79-80
(same); Norris, 73 F.4th at 437 (same).
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governmental purpose, unless the regulation implicates a
fundamental right or an inherently suspect classification.”).
Because we hold above that the Policy is rationally related
to the LAUSD’s legitimate interest in protecting the health
and safety of its employees and students, Plaintiffs’ equal
protection claim fails.

CONCLUSION

Although the LAUSD has rescinded the Policy, this case
is not moot. Given the SAC’s broad request for any proper
injunctive relief along with its allegations that individual
Plaintiffs were terminated under the Policy, the SAC fairly
encompasses a request for reinstatement of the individual
Plaintiffs who have not been restored to their prior positions.

On the merits, Jacobson is binding and controls, and thus
rational basis review applies to Plaintiffs’ substantive due
process claim. Even construing Plaintiffs’ allegations in
their favor, the Policy survives such review, as the LAUSD
could have reasonably concluded that COVID-19 vaccines
would protect the health and safety of its employees and
students. For this same reason, Plaintiffs’ equal protection
claim fails under rational basis review. We therefore affirm
the district court’s order granting the LAUSD’s motion for
judgment on the pleadings.

AFFIRMED.
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OWENS, Circuit Judge, dissenting.

Plaintiffs brought this suit to obtain “injunctive relief
restraining Defendants from enforcing” their vaccine policy.
As Judge Hawkins correctly concluded in his dissent from
the panel decision, this case is moot, as “there is no longer
any policy for the court to enjoin or declare unlawful.”
Health Freedom Def. Fund, Inc. v. Carvalho, 104 F.4th 715,
732 (9th Cir. 2024) (Hawkins, J., dissenting), vacated and
reh’g en banc granted, 127 F.4th 750 (9th Cir. 2025).
Nothing in the record (or the world) even hints at the
possibility that the Los Angeles Unified School District
would resurrect its COVID-19 vaccine mandate, which has
been dead for nearly two years. The majority does not
dispute this reality. We lack Article III jurisdiction and must
dismiss this case. See Brach v. Newsom, 38 F.4th 6, 12 (9th
Cir. 2022) (en banc) (dismissing a challenge to a pandemic-
related restriction as moot in line with “the numerous other
circuit courts across the country” that have done the same).

The majority first attempts to skirt the mootness problem
by asserting that the complaint “fairly encompasses a request
for reinstatement,” leaning on a boilerplate catchall request
for “other and further relief as the Court may deem just and
proper.” Maj. Op. at 14. Yet when unanimously reversing
our court on mootness grounds, the Supreme Court warned
that new forms of relief, “extracted late in the day from [a]
general prayer for relief and asserted solely to avoid
otherwise certain mootness, bore close inspection.”
Arizonans for Off. Eng. v. Arizona, 520 U.S. 43, 71 (1997)
(rejecting this court’s theory that a live controversy existed
where the “complaint did not expressly request nominal
damages” but “it did request ‘all other relief that the Court
deems just and proper’” (citation omitted)). Indeed, the
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Court has distinguished cases where a plaintiff ‘“has
presented a claim” for the type of relief that “ensure[s] a live
controversy,” Mission Prod. Holdings v. Tempnology, LLC,
587 U.S. 370,377 (2019), from those where a plaintiff “ha[s]
not prayed for” such relief and thus “no longer ha[s] a legally
cognizable interest in the result of th[e] case,” Murphy v.
Hunt, 455 U.S. 478, 491 (1982); cf. United States v.
Sineneng-Smith, 590 U.S. 371, 380 (2020) (unanimously
reversing this court and applying the party presentation
principle to require that cases be “shaped by the parties,” not
the court).

Not surprisingly, our sister circuits routinely reject
attempts to grow a magic Article III jurisdiction beanstalk
from boilerplate language. For example, the First Circuit, in
a nearly identical rescinded COVID-19 mandate case, cited
Arizonans for Official English to hold that “the students’
request for ‘any other relief [the] Court deems proper’
cannot operate to save their otherwise moot action.” Harris
v. Univ. of Mass., 43 F.4th 187, 193 (1st Cir. 2022).! The

! See, e.g., Thomas R.W. v. Mass. Dep’t of Educ., 130 F.3d 477, 480 (1st
Cir. 1997) (holding that a “general prayer for relief” cannot preserve a
request for damages to avoid mootness, citing Arizonans for Official
English); Fox v. Bd. of Trs. of State Univ. of N.Y., 42 F.3d 135, 141 (2d
Cir. 1994) (declining to “read a damages claim into the Complaint’s
boilerplate prayer” for relief when there was “absolutely no specific
mention in [the Complaint] of nominal damages” (citation omitted));
Lillbask ex rel. Mauclaire v. Conn. Dep’t of Educ., 397 F.3d 77, 90 (2d
Cir. 2005) (applying Arizonans for Official English to reject that a
“general claim for ‘other such relief as the Court deems appropriate’ is
sufficiently expansive to include” the only relief that would render the
case not moot); WildEarth Guardians v. Pub. Serv. Co., 690 F.3d 1174,
1191 (10th Cir. 2012) (holding that “[a] broad request for ‘other’ relief
cannot save [a] complaint” from mootness); Harris v. City of Houston,
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majority attempts to distinguish the many contrary
precedents from other circuits by asserting that, unlike in
those cases, relief consistent with the ‘“gravamen” of
Plaintiffs’ requested injunction—even if not expressly
sought—can still be granted. Maj. Op. at 18 n.10. But the
mootness inquiry hinges on the relief “specific[ally]
mention[ed]” by the parties, not on the court’s post hoc
characterization of the case’s supposed essence. Fox v. Bd.
of Trs. of State Univ. of N.Y., 42 F.3d 135, 141 (2d Cir.
1994). Blindly embracing a never briefed or argued theory
that the Supreme Court and our sister circuits have explicitly
rejected is more Inspector Clouseau than “close inspection.”

To side shuffle this constitutional black hole, the
majority departs from the many analogous challenges to
rescinded COVID-19 policies that have been dismissed as
moot, see Brach, 38 F.4th at 12 n.3 (collecting cases), and
instead relies on Neighbors of Cuddy Mountain v. Alexander,
303 F.3d 1059 (9th Cir. 2002), which concerned alleged
violations of the National Forest Management Act (NFMA)
and the National Environmental Policy Act (NEPA). Maj.
Op. at 15-16.2 In that case, plaintiffs sought to enjoin a
timber sale on national forest land or any other relief that
“may be necessary and appropriate to avoid further
irreparable harm” from the sale. Id. at 1066. Even after

151 F.3d 186, 191 (5th Cir. 1998) (declining to “conjure up relief” by
“‘read[ing] into’ [the] complaint additional requests” that would
manufacture a live controversy).

2 The majority also cites Norris v. Stanley, 73 F.4th 431 (6th Cir. 2023),
cert. denied, 144 S. Ct. 1353 (2024)—another pandemic-related case that
it claims involves “similar circumstances” and was not moot. Maj. Op.
at 15. Unlike here, however, the plaintiffs in Norris specifically “sought
nominal damages for the alleged violations of their constitutional rights.”
Id. at 433 n.1.
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logging of the timber concluded, we held over a dissent that
the case was not moot because further environmental harm
from the sale “may yet be remedied by any number of
mitigation strategies,” which were fairly encompassed in the
requested relief. Id.

The parties never cited Neighbors of Cuddy Mountain
nor its underlying theory in their many briefs submitted to
this court, nor did the original panel or dissent. And despite
the majority’s claim that Neighbors of Cuddy Mountain
derived from longstanding mootness principles, Maj. Op. at
16 n.9, no published decision in this circuit—or any other—
has ever relied on Neighbors of Cuddy Mountain’s mootness
rationale outside the narrow context of NFMA and NEPA
violations. That collective silence speaks for itself: There is
simply no basis to extend Neighbors of Cuddy Mountain’s
mootness holding beyond its specific environmental context
to the claims presented here. Compare Feldman v. Bomar,
518 F.3d 637, 642 (9th Cir. 2008) (citing Neighbors of
Cuddy Mountain and similar cases to illustrate this court’s
recognition of “‘live’ controversies in environmental cases
even after the contested government projects were
complete” (emphasis added)), with Brach, 38 F.4th at 11
(holding that, where plaintiffs sue to enjoin a pandemic
policy but the policy no longer remains, the plaintiffs “have
gotten everything they asked for” and the “actual
controversy has evaporated,” presenting a “classic case” of
mootness).3

3 The majority’s tepid reliance on Z Channel Limited Partnership v.
Home Box Office, Inc., 931 F.2d 1338 (9th Cir. 1991)—a nearly thirty-
five-year-old case that was also never cited by the parties nor the original
panel—is even less persuasive. Maj. Op. at 16 n.9. No published



(35 of 94)
Sase: 22-55908, 07/31/2025, ID: 12935203, DktEntry: 103-1, Page 34 of 4:

34 HEALTH FREEDOM DEF. FUND, INC. V. CARVALHO

Because neither of the majority’s last-minute mootness
rationales survive ‘“close inspection,” Arizonans for Off.
Eng., 520 U.S. at 71, I respectfully dissent for the reasons
stated by Judge Hawkins.

LEE, Circuit Judge, joined by COLLINS, Circuit Judge,
dissenting in part.

The majority’s opinion comes perilously close to giving
the government carte blanche to require a vaccine or even
medical treatment against people’s will so long as it
asserts—even if incorrectly—that it would promote “public
health and safety.” But the many mistakes and missteps by
our government and the scientific establishment over the
past five years counsel caution: Their errors underscore the
importance of carefully evaluating the sort of sweeping
claims of public-health authority asserted by the Los
Angeles Unified School District (“LAUSD”) here. Faithful
adherence to Supreme Court precedent confirms that we

decision from this circuit in nearly three decades has relied on Z Channel
to overcome a mootness challenge based on hypothetical relief that no
party specifically sought. And for good reason: Z Channel is a textbook
example of overreach, with the majority “[d]efying a clear rule of
procedure, creating an inter-circuit conflict and resurrecting a legal
theory long ago abandoned by the parties” to bring the case “back from
the dead.” 931 F.2d at 1346, 1349 (Kozinski, J., dissenting); see also
Sineneng-Smith, 590 U.S. at 380 (cautioning against appellate courts
“interject[ing]” themselves into cases); NAACP v. U.S. Sugar Corp., 84
F.3d 1432, 1438 (D.C. Cir. 1996) (citing the Z Channel dissent); Seven
Words LLC v. Network Sols., 260 F.3d 1089, 1095-97 (9th Cir. 2001)
(declining to apply Z Channel to overcome a mootness challenge); Bain
v. Cal. Tchrs. Ass’n, 891 F.3d 1206, 1212 (9th Cir. 2018) (declining to
“transform” the requested relief “at the eleventh hour” to avoid
mootness, citing Seven Words and Arizonans for Official English).
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should not blindly accept the mere say-so of the government.
We thus should not affirm the dismissal of this lawsuit
challenging LAUSD’s COVID-19 vaccine mandate—
without permitting the plaintiffs to offer evidence to rebut
the government officials’ far-reaching claims.!

Contrary to the majority, I read the Supreme Court’s
decision in Jacobson v. Massachusetts—which upheld a
smallpox vaccine mandate—to apply only if a vaccine
prevents transmission and contraction of a disease. 197 U.S.
11 (1905). The plaintiffs here have plausibly claimed—at
least at the pleading stage where we must accept the truth of
the allegations—that the COVID-19 vaccine mitigates
serious symptoms but does not “prevent transmission or
contraction of COVID-19.” And if that is true, then
Jacobson’s rational basis review does not apply, and we
must examine the vaccine mandate under a more stringent
standard. Ultimately, the plaintiffs may be wrong about the
COVID-19 vaccine, but they should be given a chance to
challenge the government’s assertions about it.

I respectfully dissent in part.

* ok ok ok

When the mRNA-based COVID-19 vaccines were first
announced in late 2020, pharmaceutical companies touted
clinical trials that they claimed showed an efficacy rate of
over 90 percent.? As scientists contended then, these

! T agree with the majority that this appeal is not moot.

2 Pfizer and BioNTech Announce Vaccine Candidate Against COVID-
19 Achieved Success in First Interim Analysis from Phase 3 Study,
Pfizer, https://www.pfizer.com/news/press-release/press-release-
detail/pfizer-and-biontech-announce-vaccine-candidate-against (Nov. 9,
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vaccines would “protect individuals from infection and
transmission.”?

Based in part on these trial results, federal, state and local
governments acted swiftly to impose vaccine mandates. The
United States government required federal employees,
government contractors, and millions of private sector
employees to be vaccinated.* Over 8,000 men and women
in uniform were discharged and severed from service for
their refusal to be vaccinated.d States also imposed their own
mandates. Even 18 months into the pandemic, California
Governor Gavin Newsom announced that he planned to
require schoolchildren to be vaccinated, despite scientific
evidence that showed young children face extremely low

2020); Moderna’s COVID-19 Vaccine Candidate Meets its Primary
Efficacy Endpoint in the First Interim Analysis of the Phase 3 COVE
Study, Moderna, https://investors.modernatx.com/news/news-
details/2020/Modernas-COVID-19-Vaccine-Candidate-Meets-its-
Primary-Efficacy-Endpoint-in-the-First-Interim-Analysis-of-the-Phase-
3-COVE-Study/default.aspx (Nov. 16, 2020).

3 Ali Pormohammad et al., Efficacy and Safety of COVID-19 Vaccines:
A Systematic Review and Meta-Analysis of Randomized Clinical Trials,
9 Vaccines 1, 15 (2021),
https://pme.ncbi.nlm.nih.gov/articles/PMC8148145/.

4 See, e.g., Kathryn Watson et al., Biden announces COVID-19 vaccine
mandates that will affect 100 million Americans, CBS News (Sept. 10,
2021), https://www.cbsnews.com/live-updates/biden-covid-19-vaccine-
mandates-announcement/.

5 Fact Sheet: President Donald J. Trump Reinstates Service Members
Discharged for Refusing the COVID Vaccine, The White House,
https://www.whitehouse.gov/fact-sheets/2025/01/fact-sheet-president-
donald-j-trump-reinstates-service-members-discharged-for-refusing-
the-covid-vaccine/ (Jan. 27, 2025).
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health risks from COVID-19.¢ That proposed mandate
would have banned unvaccinated children from the
classroom and relegated them to online learning. And
relevant here, LAUSD issued a memorandum requiring all
employees to get vaccinated—or lose their jobs.

But it turned out that the government—and the scientific
establishment—were wrong about a lot of things. The
COVID-19 vaccines did not end up having an efficacy rate
of over 90 percent in real-life. People repeatedly caught
COVID-19, despite being vaccinated and “boosted.”
Indeed, repeat infections among the vaccinated became so
common that the phrase “breakthrough infection” entered
common parlance. Given this reality, the government
shifted its emphasis on why people should get vaccinated: It
was less about preventing transmission and contraction of
COVID-19 and more about mitigating serious symptoms.”’
Even LAUSD in its brief before the three-judge panel
focused largely on the vaccine’s effect in lessening
symptoms, stating that “[tlhe overwhelming consensus
amongst the nation’s leading health experts is that COVID-

¢ California Becomes First State in Nation to Announce COVID-19
Vaccine Requirements for Schools, Governor Gavin Newsom,
https://www.gov.ca.gov/2021/10/01/california-becomes-first-state-in-
nation-to-announce-covid-19-vaccine-requirements-for-schools/  (last
visited May 28, 2025). California ultimately walked away from this
announced policy.

7 See Benefits of Getting Vaccinated, CDC,
https://www.cdc.gov/covid/vaccines/benefits.html#:~:text=Vaccination
%201s%20more%20reliable%20way,associated%20with%20COVID%
2D19%20infection., (Jan 13, 2025) (emphasizing that “Getting
vaccinated against COVID-19 has many benefits that are supported by
scientific studies. The COVID-19 vaccine helps protect you from severe
illness, hospitalization, and death.”).
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19 vaccines are safe and effective in preventing serious
illness and death from this highly contagious virus.”

The plaintiffs here go further and contend that the
COVID-19 vaccine is not even a “traditional” vaccine that
prevents transmission or provides immunity. Rather, the
COVID-19 vaccines merely mitigate symptoms in a manner
more akin to a medical treatment than a vaccine. Thus,
according to the plaintiffs, the Supreme Court’s Jacobson v.
Massachusetts decision does not apply here. The district
court, for its part, held that the plaintiffs’ “distinction”
between “lessen[ing] the severity of the disease” and
“prevent[ing] contraction or transmission” was “misplaced”
and that Jacobson applies even if requiring the COVID-19
vaccines constitutes forced medical treatment. Health
Freedom Def. Fund v. Reilly, 2022 WL 5442479, at *5 (C.D.
Cal. Sept. 2, 2022).

The majority reads Jacobson broadly to empower the
government to impose any vaccine mandate so long as it
believes the mandate would “protect public health and
safety.” Maj. Op. 23. Under the majority’s reading, “alleged
scientific uncertainty over a vaccine’s efficacy is irrelevant
under Jacobson.” Id. In other words, if the government
believes a vaccine will protect “public health and safety,”
that is the end of the story. The majority adopts a sweeping
definition of “public health and safety” such that the
government can mandate a vaccine—and potentially any
medical treatment—if the required measure just “lessen(s]
the severity of symptoms,” whether or not it prevents
transmission and contraction of the disease. Id.

I disagree with the majority’s overly broad reading of
Jacobson. The Supreme Court upheld Massachusetts’
vaccine requirement against smallpox precisely because the
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vaccine prevented the transmission and contraction of
smallpox. It emphasized this point repeatedly:

e The “principle of vaccination as a means
to prevent the spread of smallpox has
been enforced in many [S]tates.” 197
U.S. at 31-32 (emphasis added).

e “[V]accination strongly tends to prevent
the transmission or spread of this
disease.” Id. at 34 (quoting Viemeister v.
White, 179 N.Y. 235, 72 N.E. 97, 98-99
(1904) (emphasis added)).

e Itis “common belief” that a vaccine has a
“decided tendency to prevent the spread
of this fearful disease.” Id. at 34
(emphasis added).

e (Quarantine requirements were justified
because of “the danger of the spread of
the disease.” 1d. at 29 (emphasis added).

To be sure, the Court in Jacobson noted that the
defendant had challenged the effectiveness of the smallpox
vaccine in limiting the spread of the disease. Id. at 23-24.
The majority opinion latches onto that language to argue that
it does not matter whether a vaccine limits transmission and
contraction of a disease; we must just defer to a state’s belief
that a vaccine will protect “public health and safety.” Ma;.
Op. 23. But the Court did not hold that vaccines can be
required even if they do not prevent the transmission and
contraction of the disease.

Admittedly, it is somewhat difficult to parse this 120-
year-old case because it predates our tiers-of-scrutiny
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analysis. But I read the Court’s opinion much more
narrowly than the majority does: If “everybody knows . . .
and therefore the [trial] court judicially knew, as th[e]
[Clourt knows, that an opposite theory [about the public-
health efficacy of the smallpox vaccine] accords with the
common belief, and is maintained by high medical
authority,” Jacobson’s argument that this overwhelming
consensus was not unanimous does not amount to a viable
constitutional claim. Jacobson, 197 U.S. at 30. While it
acknowledged that some people shared Jacobson’s distinctly
unorthodox belief, the Court noted that it is “common belief”
that is “accepted by the mass of the people, as well as by
most members of the medical profession” that the smallpox
vaccine has the “decided tendency to prevent the spread” of
disease. Id. at 34 (quoting Viemeister’s upholding of a
smallpox vaccine mandate in New York); see also id. at 35
(“vaccination, as a means of protecting a community against
smallpox, finds strong support in the experience of this and
other countries™); id. at 37 (suggesting that there is “deep and
universal” belief in the “community” and “medical advisers”
about the vaccine’s efficacy). Jacobson then recited the
number of states—and countries ranging from Britain to
Denmark to Germany to Sweden—that have adopted
compulsory smallpox vaccination, underscoring the
common and almost universal belief that smallpox vaccines
prevent the spread of that disease. /d. at 31 n.1.

Our case is factually different from Jacobson. At the
pleading stage, we must accept as true the plaintiffs’ well-
pleaded allegation that the newly developed mRNA
COVID-19 vaccines do not effectively prevent the
transmission and contraction of COVID-19 and thus more
resemble medical treatments than the sort of robustly
validated smallpox vaccine at issue in Jacobson. Ashcroft v.
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Igbal, 556 U.S. 662, 678 (2009). That allegation may
ultimately not bear out once the parties offer evidence, but
the plaintiffs’ theory appears plausible at this stage,
especially given the federal government’s focus on
mitigation of symptoms over prevention of transmission and
LAUSD’s failure in its brief to try to factually rebut that
claim. This means that Jacobson does not bar this suit—at
least for now.

The majority opinion suggests that Jacobson’s reference
to “public health and public safety” is so capacious that
merely “lessen[ing] the severity of symptoms” is enough to
justify a vaccine mandate. Maj. Op. 23. But nothing in
Jacobson hints that just mitigating symptoms alone can
count as “public health and public safety.” The entire thrust
of Jacobson is that “public health and public safety” means
protecting the mass public from the spread of smallpox.
Aside from the repeated references to ‘“preventing the
spread” of smallpox, the opinion makes many allusions to
the dangers of widespread transmission of the disease among
the public. See, e.g., 197 U.S. at 26 (mentioning the “injury
that may be done to others” if a person has the liberty to
refuse vaccines); id. at 27 (“a community has the right to
protect itself against an epidemic of disease which threatens
the safety of its members”); id. at 28 (noting smallpox was
“prevalent and increasing at Cambridge™); id. at 30-31
(vaccination is the “best known[] way in which to meet and
suppress the evils of a smallpox epidemic that imperiled an
entire population™); id. at 31 (discussing the need to “stamp
out the disease of smallpox™ for the “protection of the public
health and the public safety”).

If we accept the majority’s holding that a state can
impose a vaccine mandate just to “lessen the severity of
symptoms” of sick persons—without considering whether it
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lessens transmission and contraction of this disease—then
we are opening the door for compulsory medical treatment
against people’s wishes. Vaccines, by definition, build
immunity and prevent transmission and contraction of an
infectious disease, but we risk blurring the line between
vaccines and medical treatment if vaccines are defined as
anything that lessens symptoms.

None of this is to deny that the COVID-19 vaccines may
well have saved millions of lives of the elderly, people with
comorbidities, and others with weakened immune systems.
But we have held that the government cannot compel people
to involuntarily receive even life-saving medical treatment.
If lessening the severity of symptoms alone justifies vaccine
mandates, then it may well implicate the fundamental right
to “refus[e] unwanted medical treatment,” as explained by
Judge Collins in his panel concurrence. Health Freedom
Def. Fund v. Carvalho, 104 F.4th 715, 728 (9th Cir. 2024)
(Collins, J., concurring), vacated, 127 F.4th 750 (9th Cir.
2025); see also Cruzan ex rel. Cruzan v. Director, Mo. Dep’t
of Health, 497 U.S. 261, 278-79 (1990); Washington v.
Glucksberg, 521 U.S. 702, 724-25 (1997) (holding that the
“right of a competent individual to refuse medical treatment”
is “entirely consistent with this Nation’s history and
constitutional traditions” (citation omitted)). Indeed, under
the majority’s reasoning, we are only a step or two from
allowing the government to require COVID-19 patients to
take, say, Ivermectin if the government in its judgment
believes that it would “lessen the severity of symptoms.”

As a practical matter, I fear we are giving the
government a blank check to foist health treatment mandates
on the people—despite its checkered track record—when we
should be imposing a check against the government’s
incursion into our liberties.
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I respectfully dissent in part.
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Pfizer and BioNTech Announce Vaccine
Candidate Against COVID-19 Achieved Success

In First Interim Analysis from Phase 3 Study

Monday, November 09, 2020 - 06:45am

e Vaccine candidate was found to be more than 90% effective in preventing COVID-19
in participants without evidence of prior SARS-CoV-2 mfecg(%m@ the first interim

efficacy analysis \Y\C
e Analysis evaluated 94 confirmed c Q\Jlgfinr%r/a/ participants
e Study enrolled 43,538 pargefg(ah% aving diverse backgrounds, and no

serious safety c\g@@&\khg%az\@%%% observed Safety and additional efficacy data
continue to be co/lect‘é}?

e Submission for Emergency Use Authorization (EUA) to the U.S. Food and Drug
Administration (FDA) planned for soon after the required safety milestone is
achieved, which is currently expected to occur in the third week of November

e Clinical trial to continue through to final analysis at 164 confirmed cases in order to
collect further data and characterize the vaccine candidate’s performance against
other study endpoints

This press release features multimedia. View the full release here:
https://www.businesswire.com/news/home/20201109005539/en/

NEW YORK & MAINZ, GERMANY--(BUSINESS WIRE)-- Pfizer Inc. (NYSE: PFE) and BioNTech
SE (Nasdaq: BNTX) today announced their mRNA-based vaccine candidate, BNT162b2,
against SARS-CoV-2 has demonstrated evidence of efficacy against COVID-19 in
participants without prior evidence of SARS-CoV-2 infection, based on the first interim
efficacy analysis conducted on November 8, 2020 by an external, independent Data
Monitoring Committee (DMC) from the Phase 3 clinical study.


https://www.businesswire.com/news/home/20201109005539/en/
https://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.pfizer.com&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=Pfizer+Inc.&index=1&md5=d0337944a630e69eae9b30606c646775
https://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.biontech.de&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=BioNTech+SE&index=2&md5=47b17ff102508bbf322271f0462f62a7
https://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.biontech.de&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=BioNTech+SE&index=2&md5=47b17ff102508bbf322271f0462f62a7
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After discussion with the FDA, the companies recently elected to drop the 32-case interim
analysis and conduct the first interim analysis at a minimum of 62 cases. Upon the
conclusion of those discussions, the evaluable case count reached 94 and the DMC
performed its first analysis on all cases. The case split between vaccinated individuals
and those who received the placebo indicates a vaccine efficacy rate above 90%, at 7
days after the second dose. This means that protection is achieved 28 days after the
initiation of the vaccination, which consists of a 2-dose schedule. As the study continues,
the final vaccine efficacy percentage may vary. The DMC has not reported any serious
safety concerns and recommends that the study continue to collect additional safety and
efficacy data as planned. The data will be discussed with regulatory authorities
worldwide.

“Today is a great day for science and humanity. The first set of results from our Phase 3
COVID-19 vaccine trial provides the initial evidence of our vaccine’s ability to prevent
COVID-19,” said Dr. Albert Bourla, Pfizer Chairman and CEO. “We are reaching this critical
milestone in our vaccine development program at a time when the world needs it most
with infection rates setting new records, hospitals nearing over-capacity and economies
struggling to reopen. With today’s news, we are a significan %gm\&@ser to providing
people around the world with a much-needed breaéﬁhr@a@'h Eg)zhj,elp bring an end to this
global health crisis. We look forward toes,{@{{geg\?é) dj'gpjn%%e?ficacy and safety data
generated from thousands %f(géd;dﬂb% sai\m‘th\éecoming weeks.”After discussion with the
FDA, the companies\ugféml elggté@%o drop the 32-case interim analysis and conduct
the first interim analysis at'a minimum of 62 cases. Upon the conclusion of those
discussions, the evaluable case count reached 94 and the DMC performed its first
analysis on all cases. The case split between vaccinated individuals and those who
received the placebo indicates a vaccine efficacy rate above 90%, at 7 days after the
second dose. This means that protection is achieved 28 days after the initiation of the
vaccination, which consists of a 2-dose schedule. As the study continues, the final
vaccine efficacy percentage may vary. The DMC has not reported any serious safety
concerns and recommends that the study continue to collect additional safety and
efficacy data as planned. The data will be discussed with regulatory authorities

worldwide.

“l want to thank the thousands of people who volunteered to participate in the clinical
trial, our academic collaborators and investigators at the study sites, and our colleagues
and collaborators around the world who are dedicating their time to this crucial
endeavor,” added Bourla. “We could not have come this far without the tremendous
commitment of everyone involved.”
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“The first interim analysis of our global Phase 3 study provides evidence that a vaccine
may effectively prevent COVID-19. This is a victory for innovation, science and a global
collaborative effort,” said Prof. Ugur Sahin, BioNTech co-founder and CEO. “When we
embarked on this journey 10 months ago this is what we aspired to achieve. Especially
today, while we are all in the midst of a second wave and many of us in lockdown, we
appreciate even more how important this milestone is on our path towards ending this
pandemic and for all of us to regain a sense of normality. We will continue to collect
further data as the trial continues to enroll for a final analysis planned when a total of 164
confirmed COVID-19 cases have accrued. | would like to thank everyone who has
contributed to make this important achievement possible.”

The Phase 3 clinical trial of BNT162b2 began on July 27 and has enrolled 43,538
participants to date, 38,955 of whom have received a second dose of the vaccine
candidate as of November 8, 2020. Approximately 42% of global participants and 30% of
U.S. participants have racially and ethnically diverse backgrounds. The trial is continuing
to enroll and is expected to continue through the final analysis when a total of 164
confirmed COVID-19 cases have accrued. The study also will evaluate the potential for
the vaccine candidate to provide protection against COVID-]@&(\,Q\]‘Q@e who have had
prior exposure to SARS-CoV-2, as well as vaccine Ré(?mnt%ri@?ginst severe COVID-19
disease. In addition to the primary efficg@«\%@o%%lrh@@\?&uating confirmed COVID-19
cases accruing from 7 days&e‘é%@tﬁé‘ Oeéog\d;\d&?e, the final analysis now will include, with
the approval of the M\%V\és geﬁé%ry endpoints evaluating efficacy based on cases
accruing 14 days after theg\ec'ond dose as well. The companies believe that the addition
of these secondary endpoints will help align data across all COVID-19 vaccine studies and
allow for cross-trial learnings and comparisons between these novel vaccine platforms.
The companies have posted an updated version of the study protocol at
https://www.pfizer.com/science/coronavirus.

Pfizer and BioNTech are continuing to accumulate safety data and currently estimate that
a median of two months of safety data following the second (and final) dose of the
vaccine candidate - the amount of safety data specified by the FDA in its guidance for
potential Emergency Use Authorization - will be available by the third week of November.
Additionally, participants will continue to be monitored for long-term protection and
safety for an additional two years after their second dose.

Along with the efficacy data generated from the clinical trial, Pfizer and BioNTech are
working to prepare the necessary safety and manufacturing data to submit to the FDA to
demonstrate the safety and quality of the vaccine product produced.


https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.pfizer.com%2Fscience%2Fcoronavirus&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=https%3A%2F%2Fwww.pfizer.com%2Fscience%2Fcoronavirus&index=3&md5=a1219ad3b88193a158d1af94af70e9c7
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Based on current projections we expect to produce globally up to 50 million vaccine
doses in 2020 and up to 1.3 billion doses in 2021.

Pfizer and BioNTech plan to submit data from the full Phase 3 trial for scientific peer-
review publication.

About Pfizer: Breakthroughs That Change Patients’ Lives

At Pfizer, we apply science and our global resources to bring therapies to people that
extend and significantly improve their lives. We strive to set the standard for quality,
safety and value in the discovery, development and manufacture of health care products,
including innovative medicines and vaccines. Every day, Pfizer colleagues work across
developed and emerging markets to advance wellness, prevention, treatments and cures
that challenge the most feared diseases of our time. Consistent with our responsibility as
one of the world's premier innovative biopharmaceutical companies, we collaborate with
health care providers, governments and local communities to support and expand access
to reliable, affordable health care around the world. For more than 150 years, we have
worked to make a difference for all who rely on us. We routinely post information that
may be important to investors on our website at WWW.PfiZ_er(t:gK‘N.a}n addition, to learn
more, please visit us on www.Pfizer.com and f I\%du& yl'\ﬁ@'ﬁér at @Pfizer and @Pfizer
News, LinkedIn, YouTube and like us W@éﬁo%@m@e yook.com/Pfizer.
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The information contained in this release is as of November 9, 2020. Pfizer assumes no
obligation to update forward-looking statements contained in this release as the result of
new information or future events or developments.

This release contains forward-looking information about Pfizer’s efforts to combat COVID-
19, the collaboration between BioNTech and Pfizer to develop a potential COVID-19
vaccine, the BNT162 mRNA vaccine program, and modRNA candidate BNT162b2
(including qualitative assessments of available data, potential benefits, expectations for
clinical trials, anticipated timing of clinical trial readouts and regulatory submissions and
anticipated manufacturing, distribution and supply), that involves substantial risks and
uncertainties that could cause actual results to differ materially from those expressed or
implied by such statements. Risks and uncertainties include, among other things, the
uncertainties inherent in research and development, including the ability to meet
anticipated clinical endpoints, commencement and/or completion dates for clinical trials,
regulatory submission dates, regulatory approval dates and/or launch dates, as well as
risks associated with preliminary and interim data, (including the Phase 3 interim data


https://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.pfizer.com%2F&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=www.Pfizer.com&index=4&md5=096fd18cbb2080bbf0648f113ee022b8
https://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.pfizer.com%2F&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=www.Pfizer.com&index=5&md5=59417332af2714bc0487ab9899579f89
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Ftwitter.com%2Fpfizer&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=%40Pfizer&index=6&md5=673181ec7e6f7a65d672ff5a1a88c772
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Ftwitter.com%2Fpfizer_news&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=%40Pfizer+News&index=7&md5=2a8803c16db304f5186ec2d8807ffc68
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Ftwitter.com%2Fpfizer_news&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=%40Pfizer+News&index=7&md5=2a8803c16db304f5186ec2d8807ffc68
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.linkedin.com%2Fcompany%2Fpfizer&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=LinkedIn&index=8&md5=9c9f45bef8c9bd5f09c1daca19b861c1
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.youtube.com%2Fpfizer&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=YouTube&index=9&md5=a55c6cff172a55f64462d592ef32082b
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.facebook.com%2FPfizer%2F&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=Facebook.com%2FPfizer&index=10&md5=e50c574fbabfb4c27efad3e64b15c191
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that is the subject of this release), including the possibility of unfavorable new preclinical
or clinical trial data and further analyses of existing preclinical or clinical trial data; the
risk that clinical trial data are subject to differing interpretations and assessments,
including during the peer review/publication process, in the scientific community
generally, and by regulatory authorities; whether and when data from the BNT162 mRNA
vaccine program will be published in scientific journal publications and, if so, when and
with what modifications; whether regulatory authorities will be satisfied with the design of
and results from these and future preclinical and clinical studies; whether and when any
biologics license and/or emergency use authorization applications may be filed in any
jurisdictions for BNT162b2 or any other potential vaccine candidates; whether and when
any such applications may be approved by regulatory authorities, which will depend on
myriad factors, including making a determination as to whether the vaccine candidate’s
benefits outweigh its known risks and determination of the vaccine candidate’s efficacy
and, if approved, whether it will be commercially successful; decisions by regulatory
authorities impacting labeling, manufacturing processes, safety and/or other matters that
could affect the availability or commercial potential of a vaccine, including development
of products or therapies by other companies; disruptions in the relatioonships between us
and our collaboration partners or third-party suppliers; risbsqﬁé\tfé‘g\to the availability of
raw materials to manufacture a vaccine; chaIIe‘QQQSrﬂg' d-zxg’l&r vaccine candidate’s
ultra-low temperature formulation %\@@’(Gﬂ%&%@%ge, distribution and administration
requirements, including r&lﬁﬂ&ﬁgpe%égﬂs\@ﬁ%ng after delivery by Pfizer; the risk that we
may not be able to éd@?és%ﬁujlﬁ@évelop non-frozen formulations; the risk that we may
not be able to create or scale up manufacturing capacity on a timely basis or have access
to logistics or supply channels commensurate with global demand for any potential
approved vaccine, which would negatively impact our ability to supply the estimated
numbers of doses of our vaccine candidate within the projected time periods indicated;
whether and when additional supply agreements will be reached; uncertainties regarding
the ability to obtain recommendations from vaccine technical committees and other
public health authorities and uncertainties regarding the commercial impact of any such
recommendations; and competitive developments.

A further description of risks and uncertainties can be found in Pfizer's Annual Report on
Form 10-K for the fiscal year ended December 31, 2019 and in its subsequent reports on
Form 10-Q, including in the sections thereof captioned “Risk Factors” and “Forward-
Looking Information and Factors That May Affect Future Results”, as well as in its
subsequent reports on Form 8-K, all of which are filed with the U.S. Securities and
Exchange Commission and available at www.sec.gov and www.pfizer.com.



https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.globenewswire.com%2FTracker%3Fdata%3DRnYjuX1qNnk63wnFRI2njqkWCUtSvj6x_99MqPLwYIXuudw4effilg2LyEquwqm-7QGJ6tM6dhKt8Yb6iY-5gw%3D%3D&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=www.sec.gov&index=11&md5=4fd1512c1cf2f392b826bc47dc10108c
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.globenewswire.com%2FTracker%3Fdata%3DRnYjuX1qNnk63wnFRI2njhMtuWVC6S5kOg8JnuFHwPyIzH1O7AiSzrr-wECJd2hrMZ7668ALHee8mVEXVNXWFA%3D%3D&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=www.pfizer.com&index=12&md5=8b491293c9765030e5e28741c94765fd
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About BioNTech

Biopharmaceutical New Technologies is a next generation immunotherapy company
pioneering novel therapies for cancer and other serious diseases. The Company exploits a
wide array of computational discovery and therapeutic drug platforms for the rapid
development of novel biopharmaceuticals. Its broad portfolio of oncology product
candidates includes individualized and off-the-shelf mRNA-based therapies, innovative
chimeric antigen receptor T cells, bi-specific checkpoint immuno-modulators, targeted
cancer antibodies and small molecules. Based on its deep expertise in mRNA vaccine
development and in-house manufacturing capabilities, BioNTech and its collaborators are
developing multiple mRNA vaccine candidates for a range of infectious diseases
alongside its diverse oncology pipeline. BioNTech has established a broad set of
relationships with multiple global pharmaceutical collaborators, including Genmab,
Sanofi, Bayer Animal Health, Genentech, a member of the Roche Group, Genevant, Fosun
Pharma, and Pfizer. For more information, please visit www.BioNTech.de.

BioNTech Forward-looking statements

This press release contains “forward-looking statements” of@wNﬁ"g\c% within the meaning
of the Private Securities Litigation Reform Act \}(@SY‘?' es forward-looking statements
may include, but may not be limited t@esw\:%?rlj%rgsm\)h%er’ning: BioNTech’s efforts to
combat COVID-19; the co[‘[\a(opa;aE}Q gggva@:‘\bioNTech and Pfizer to develop a potential
COVID-19 vaccine; oﬁ?@&p\q@aﬁ%'r?s regarding the potential characteristics of BNT162b2
in our Phase 2/3 trial and/or in commercial use based on data observations to date; the
expected timepoint for additional readouts on efficacy data of BNT162b2 in our Phase 2/3
trial; the nature of the clinical data, which is subject to ongoing peer review, regulatory
review and market interpretation; the timing for submission of data for, or receipt of, any
potential Emergency Use Authorization; the timing for submission of manufacturing data
to the FDA; and the ability of BioNTech to supply the quantities of BNT162 to support
clinical development and, if approved, market demand, including our production
estimates for 2020 and 2021. Any forward-looking statements in this press release are
based on BioNTech current expectations and beliefs of future events, and are subject to a
number of risks and uncertainties that could cause actual results to differ materially and
adversely from those set forth in or implied by such forward-looking statements. These
risks and uncertainties include, but are not limited to: the ability to meet the pre-defined
endpoints in clinical trials; competition to create a vaccine for COVID-19; the ability to
produce comparable clinical or other results, including our stated rate of vaccine
effectiveness and safety and tolerability profile observed to date, in the remainder of the
trial or in larger, more diverse populations upon commercialization; the ability to


https://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.BioNTech.de&esheet=52322747&newsitemid=20201109005539&lan=en-US&anchor=www.BioNTech.de&index=13&md5=ac81a876ee25451383d702b208d3c26a
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effectively scale our productions capabilities; and other potential difficulties. For a
discussion of these and other risks and uncertainties, see BioNTech’s Annual Report on
Form 20-F filed with the SEC on March 31, 2020, which is available on the SEC’s website
at www.sec.gov. All information in this press release is as of the date of the release, and
BioNTech undertakes no duty to update this information unless required by law.

View source version on businesswire.com:
https://www.businesswire.com/news/home/20201109005539/en/
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moderna

Moderna’s COVID-19 Vaccine Candidate Meets its Primary Efficacy Endpoint in the First Interim
Analysis of the Phase 3 COVE Study

November 16, 2020
First interim analysis included 95 participants with confirmed cases of COVID-19
Phase 3 study met statistical criteria with a vaccine efficacy of 94.5% (p <0.0001)

Moderna intends to submit for an Emergency Use Authorization (EUA) with U.S. FDA in the coming weeks and expects the EUA to be based on the
final analysis of 151 cases and a median follow-up of more than 2 months

CAMBRIDGE, Mass.--(BUSINESS WIRE)--Nov. 16, 2020-- Maderna, Inc. (Nasdaq: MRNA), a biotechnology company pioneering messenger RNA
(mRNA) therapeutics and vaccines to create a new generation of transformative medicines for patients, today announced that the independent,
NIH-appointed Data Safety Monitoring Board (DSMB) for the Phase 3 study of mMRNA-1273, its vaccine candidate against COVID-19, has informed
Moderna that the trial has met the statistical criteria pre-specified in the study protocol for efficacy, with a vaccine efficacy of 94.5%. This study, known
as the COVE study, enrolled more than 30,000 participants in the U.S. and is being conducted in collaboration with the National Institute of Allergy and
Infectious Diseases (NIAID), part of the National Institutes of Health (NIH), and the Biomedical Advanced Research and Development Authority
(BARDA), part of the Office of the Assistant Secretary for Preparedness and Response at the U.S. Department of Health and Human Services.

The primary endpoint of the Phase 3 COVE study is based on the analysis of COVID-19 cases confirmed and adjudicated starting two weeks following
the second dose of vaccine. This first interim analysis was based on 95 cases, of which 90 cases of COVID-19 were observed in the placebo group
versus 5 cases observed in the mRNA-1273 group, resulting in a point estimate of vaccine efficacy of 94.5% (p <0.0001).

A secondary endpoint analyzed severe cases of COVID-19 and included 11 severe cases (as defined in the study protocal) in this first interim analysis.
All 11 cases occurred in the placebo group and none in the mRNA-1273 vaccinated group.

The 95 COVID-19 cases included 15 older adults (ages 65+) and 20 participants identifying as being from diver“-(gnmunities (including 12 Hispanic
or LatinX, 4 Black or African Americans, 3 Asian Americans and 1 multiracial). Ca(\la

The interim analysis included a concurrent review of the available Phase 3 COVE stu s&i@t@daﬂa& @SMB, which did not report any significant
safety concerns. A review of solicited adverse events indicated that the vagiénwg\g r?e\rall Lt ed. The majority of adverse events were mild
or moderate in severity. Grade 3 (severe) events greater than @%ﬁeﬂ o_in fre ue\_)g\;yé}t the first dose included injection site pain (2.7%), and
after the second dose included fatigue (9.7%), myalgi @@%) ralgia %.s(”.\% dache (4.5%), pain (4.1%) and erythema/redness at the injection
site (2.0%). These solicited adverse ever&s\mﬁq@@a y%@r@%cﬁf se data are subject to change based on ongoing analysis of further Phase 3

COVE study data and final analy\s’iﬁea\ 22,5

Preliminary analysis suggests a broadly con&%ﬁt safety and efficacy profile across all evaluated subgroups.

As more cases accrue leading up to the final analysis, the Company expects the point estimate for vaccine efficacy may change. The Company plans
to submit data from the full Phase 3 COVE study to a peer-reviewed publication.

“This is a pivotal moment in the development of our COVID-19 vaccine candidate. Since early January, we have chased this virus with the intent to
protect as many people around the world as possible. All along, we have known that each day matters. This positive interim analysis from our Phase 3
study has given us the first clinical validation that our vaccine can prevent COVID-19 disease, including severe disease,” said Stéphane Bancel, Chief
Executive Officer of Moderna. “This milestone is only possible because of the hard work and sacrifices of so many. | want to thank the thousands of
participants in our Phase 1, Phase 2 and Phase 3 studies, and the staff at our clinical trial sites who have been on the front lines of the fight against the
virus. They are an inspiration to us all. | want to thank the NIH, particularly NIAID, for their scientific leadership including through years of foundational
research on potential pandemic threats at the Vaccine Research Center that led to the discovery of the best way to make Spike protein antigens that
are being used in our vaccine and others’. | want to thank our partners at BARDA and Operation Warp Speed who have been instrumental to
accelerating our progress to this point. Finally, | want to thank the Moderna team, our suppliers and our partners, for their tireless work across
research, development and manufacturing of the vaccine. We look forward to the next milestones of submitting for an EUA in the U.S., and regulatory
filings in countries around the world, while we continue to collect data on the safety and efficacy of the vaccine in the COVE study. We remain
committed to and focused on doing our part to help end the COVID-19 pandemic.”

Based on these interim safety and efficacy data, Moderna intends to submit for an Emergency Use Authorization (EUA) with the U.S. Food and Drug
Administration (FDA) in the coming weeks and anticipates having the EUA informed by the final safety and efficacy data (with a median duration of at
least 2 months). Moderna also plans to submit applications for authorizations to global regulatory agencies.

Moderna is working with the U.S. Centers for Disease Control and Prevention (CDC), Operation Warp Speed and McKesson (NYSE: MCK), a
COVID-19 vaccine distributor contracted by the U.S. government, as well as global stakeholders to be prepared for distribution of MRNA-1273, in the
event that it receives an EUA and similar global authorizations. By the end of 2020, the Company expects to have approximately 20 million doses of
mRNA-1273 ready to ship in the U.S. The Company remains on track to manufacture 500 million to 1 billion doses globally in 2021. On November 10,
the American Medical Association (AMA) issued a Current Procedural Terminology (CPT) code to report vaccination with mRNA-1273 (code: 91301).
Moderna recently announced further progress towards ensuring the distribution, storage and handling of the vaccine can be done using existing
infrastructure.

To learn more about Moderna’s work on mRNA-1273, visit www.modernatx.com/COVID19.

About the Phase 3 COVE Study


https://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.modernatx.com%2F&esheet=52328447&newsitemid=20201116005608&lan=en-US&anchor=Moderna%2C+Inc.&index=1&md5=022d16c50381e56414be2bdd2e166198
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.modernatx.com%2Fsites%2Fdefault%2Ffiles%2FmRNA-1273-P301-Protocol.pdf&esheet=52328447&newsitemid=20201116005608&lan=en-US&anchor=protocol&index=2&md5=134f6e409d6a854b34e17792611f940d
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.ama-assn.org%2Fpress-center%2Fpress-releases%2Fama-announces-vaccine-specific-cpt-codes-coronavirus-immunizations&esheet=52328447&newsitemid=20201116005608&lan=en-US&anchor=Current+Procedural+Terminology+%28CPT%29+code&index=3&md5=d0e8880c368a7512ece00536481fe84b
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Finvestors.modernatx.com%2Fnews-releases&esheet=52328447&newsitemid=20201116005608&lan=en-US&anchor=recently+announced&index=4&md5=571b631e93f441eb238b5cf1198ebe98
https://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.modernatx.com%2FCOVID19&esheet=52328447&newsitemid=20201116005608&lan=en-US&anchor=www.modernatx.com%2FCOVID19&index=5&md5=aef9148965d6e99c32e1924d2e9af4f2
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The Phase 3 COVE trial is a randomized, 1:1 placebo-controlled study testing mRNA-1273 at the 100 pg dose level in 30,000 participants in the U.S.,
ages 18 and older. The primary endpoint is the prevention of symptomatic COVID-19 disease. Key secondary endpoints include prevention of severe
COVID-19 disease and prevention of infection by SARS-CoV-2. The trial will continue to accrue additional data relevant to safety and efficacy even
after an EUA is submitted. The final estimates of vaccine efficacy for both primary and secondary endpoints will depend on the totality of data that will
accumulate to inform the final analysis. Moderna worked closely with BARDA and the NIH, including NIAID’s COVID-19 Prevention Network (CoVPN),
to conduct the Phase 3 COVE study under Operation Warp Speed. Moderna’s partner PPD (Nasdag: PPD), a leading global contract research
organization providing comprehensive, integrated drug development, laboratory and lifecycle management services, has also been essential to the
successful execution of the COVE study.

The Phase 3 COVE study was designed in collaboration with the FDA and NIH to evaluate Americans at risk of severe COVID-19 disease and
completed enrollment of 30,000 participants ages 18 and older in the U.S. on October 22, including those at high risk of the severe complications of
COVID-19 disease. The COVE study includes more than 7,000 Americans over the age of 65. It also includes more than 5,000 Americans who are
under the age of 65 but have high-risk chronic diseases that put them at increased risk of severe COVID-19, such as diabetes, severe obesity and
cardiac disease. These medically high-risk groups represent 42% of the total participants in the Phase 3 COVE study. The study also included
communities that have historically been under-represented in clinical research and have been disproportionately impacted by COVID-19. The study
includes more than 11,000 participants from communities of color, representing 37% of the study population, which is similar to the diversity of the U.S.
at large. This includes more than 6,000 participants who identify as Hispanic or LatinX, and more than 3,000 participants who identify as Black or
African American.

About mRNA-1273

mRNA-1273 is an mRNA vaccine against COVID-19 encoding for a prefusion stabilized form of the Spike (S) protein, which was co-developed by
Moderna and investigators from NIAID’s Vaccine Research Center. The first clinical batch, which was funded by the Coalition for Epidemic
Preparedness Innovations, was completed on February 7, 2020 and underwent analytical testing; it was shipped to the NIH on February 24, 42 days
from sequence selection. The first participant in the NIAID-led Phase 1 study of mMRNA-1273 was dosed on March 16, 63 days from sequence
selection to Phase 1 study dosing. On May 12, the FDA granted mRNA-1273 Fast Track designation. On May 29, the first participants in each age
cohort: adults ages 18-55 years (n=300) and older adults ages 55 years and above (n=300) were dosed in the Phase 2 study of mMRNA-1273. On July
8, the Phase 2 study completed enroliment.

Results from the second interim analysis of the NIH-led Phase 1 study of mMRNA-1273 in the 56-70 and 71+ age groups were published on September
29 in The New England Journal of Medicine. On July 28, results from a non-human primate preclinical viral challenge study evaluating mRNA-1273
were published in The New England Journal of Medicine. On July 14, an interim analysis of the original cohorts in th(%NIH-Ied Phase 1 study of
mRNA-1273 was published in The New England Journal of Medicine. mRNA-1273 currently is not approveNa y any regulatory body.

BARDA is supporting the continued research and development of mMRNA-1273 with $955 ‘“(gn Nfeder nding under Contract no.

75A50120C00034. BARDA is reimbursing Moderna for 100 percent of the aIIo s'inc mpany for conducting the program
described in the BARDA contract. The U.S. government has agreeqi@ o $j\i¥§b ‘to purchase supply of mMRNA-1273 under U.S.
Department of Defense Contract No. W911QY-20-C- 0100 \Je

. e
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This press release contains foranOokln m2n2 within the meaning of the Private Securities Litigation Reform Act of 1995, as amended,
including regarding the Company’s development of a potential vaccine (MRNA-1273) against the novel coronavirus, mRNA-1273's efficacy and its
ability to prevent infection or mitigate symptoms of COVID-19, the safety profile for MRNA-1273, further changes to mMRNA-1273's efficacy as the
study continues, the Company’s plans to seek regulatory approval for the use of mMRNA-1273 in the U.S. and other jurisdictions, and the Company’s
anticipated production of MRNA-1273. In some cases, forward-looking statements can be identified by terminology such as “will,” “may,” “should,”
“could”, “expects,” “intends,” “plans,” “aims,” “anticipates,” “believes,” “estimates,” “predicts,” “potential,” “continue,” or the negative of these terms or

other comparable terminology, although not all forward-looking statements contain these words. The forward-looking statements in this press release
are neither promises nor guarantees, and you should not place undue reliance on these forward-looking statements because they involve known and
unknown risks, uncertainties, and other factors, many of which are beyond Moderna’s control and which could cause actual results to differ materially
from those expressed or implied by these forward-looking statements. These risks, uncertainties, and other factors include, among others: the fact that
there has never been a commercial product utilizing mRNA technology approved for use; the fact that the rapid response technology in use by
Moderna is still being developed and implemented; the fact that the safety and efficacy of mMRNA-1273 has not yet been established; despite having
ongoing interactions with the FDA or other regulatory agencies, the FDA or such other regulatory agencies may not agree with the Company’s
regulatory approval strategies, components of our filings, such as clinical trial designs, conduct and methodologies, or the sufficiency of data
submitted; potential adverse impacts due to the global COVID-19 pandemic such as delays in regulatory review, manufacturing and clinical trials,
supply chain interruptions, adverse effects on healthcare systems and disruption of the global economy; and those other risks and uncertainties
described under the heading “Risk Factors” in Moderna’s most recent Quarterly Report on Form 10-Q filed with the U.S. Securities and Exchange
Commission (SEC) and in subsequent filings made by Moderna with the SEC, which are available on the SEC’s website at www.sec.gov. Except as
required by law, Moderna disclaims any intention or responsibility for updating or revising any forward-looking statements contained in this press
release in the event of new information, future developments or otherwise. These forward-looking statements are based on Moderna’s current
expectations and speak only as of the date hereof.

View source version on businesswire.com: https://www .businesswire.com/news/home/20201116005608/en/
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https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.niaid.nih.gov%2Fnews-events%2Fatomic-structure-novel-coronavirus-protein&esheet=52328447&newsitemid=20201116005608&lan=en-US&anchor=prefusion+stabilized&index=9&md5=21d314573a4bfd8d7c65289fa42a462f
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Finvestors.modernatx.com%2Fnews-releases%2Fnews-release-details%2Fmoderna-completes-enrollment-phase-2-study-its-mrna-vaccine&esheet=52328447&newsitemid=20201116005608&lan=en-US&anchor=Phase+2+study&index=10&md5=1f396d28348f7deff33a74d0f6fbff9b
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Finvestors.modernatx.com%2Fnews-releases%2Fnews-release-details%2Fmoderna-announces-publication-new-england-journal-medicine-0&esheet=52328447&newsitemid=20201116005608&lan=en-US&anchor=published&index=11&md5=4c7f7dbd3865dbe82926fd8f474882ce
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Finvestors.modernatx.com%2Fnews-releases%2Fnews-release-details%2Fmoderna-announces-publication-new-england-journal-medicine-non&esheet=52328447&newsitemid=20201116005608&lan=en-US&anchor=published&index=12&md5=76b7190de904b79e516d13d71207b0ec
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Finvestors.modernatx.com%2Fnews-releases%2Fnews-release-details%2Fmoderna-announces-publication-new-england-journal-medicine&esheet=52328447&newsitemid=20201116005608&lan=en-US&anchor=published&index=13&md5=d161772a5a97523233423e9b7f51a035
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Abstract: The current study systematically reviewed, summarized and meta-analyzed the clinical
features of the vaccines in clinical trials to provide a better estimate of their efficacy, side effects and
immunogenicity. All relevant publications were systematically searched and collected from major
databases up to 12 March 2021. A total of 25 RCTs (123 datasets), 58,889 cases that received the
COVID-19 vaccine and 46,638 controls who received plf;%
total, mRNA-based and adenovirus-vect re i%cmes had 94.6% (95% CI 0.936-0.954)
and 80.2% (95% CI 0.56-0.93) eff Wf}%%e I respectlvely Efficacy of the adenovirus-
vectored vaccine afteﬂ“e{f@@ 6%:; &5 ‘/}\Q"\b 9 0 997) and second (98.2%; 95% CI 0.980-0.984)
doses @X& tor -binding domain (RBD) antigen after 3 weeks of injections.

‘? A e@@%@nes had the highest level of side effects reported except for diarrhea and
arthr#ﬁ@
vaccines’ adjuvant or without adjuvant, except for injection site redness. The adenovirus-vectored
and mRNA-based vaccines for COVID-19 showed the highest efficacy after first and second doses,
respectively. The mRNA-based vaccines had higher side effects. Remarkably few experienced

included in the meta-analysis. In

ummum adjuvanted vaccines had the lowest systemic and local side effects between

extreme adverse effects and all stimulated robust immune responses.

Keywords: COVID-19; SARS-CoV-2; vaccines; efficacy; side effect; randomized clinical trial; meta-analysis

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a non-segmented
positive-sense, single-stranded ribonucleic acid (RNA) beta coronavirus [1] that was first
reported in Wuhan, China. The SARS-CoV-2 infection causes the coronavirus disease 2019
(COVID-19) that became a global pandemic and public health crisis. Over 140 million
infected and 3 million deaths are reported from COVID-19 by April 2021, with the death
rate accelerating; according to WHO, the case fatality ratio (CFR) of SARS-CoV-2 ranges
from less than 0.1% to over 25% depending on the country [2].

To overcome this pandemic, vaccination is the hope for a safe and effective way to
help build protection and reduce disease spread [3]. More than 200 COVID-19 vaccine
candidates presented in different stages of development and over 50 candidates have
reached clinical trials to date [4], including: Oxford-AstraZeneca’s ChAdOx1/AZD1222,
Moderna’s mRNA-1273, Pfizer-BioNTech’'s mRNA BNT162b2, Gamaleya’s Sputnik V,
Johnson & Johnson’s INJ-7843735/ Ad26.COV2.s, CoronaVac, Sinopharm’s BBIBP-CorV,
Novavax’s NVX-CoV2373, EpiVacCorona, CanSino’s Convidicea (Ad5-nCoV), SinoVac’s
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CoronaVac, Anhui Zhifei Longcom’s ZF2001, GlaxoSmithKline and Medicago’s CoVLP,
and Bharat Biotech’s BBV152/Covaxin.

Different strategies have been considered for the development of vaccines against
SARS-CoV-2 based on the following vaccine platforms: (I) Nucleic acid mRNA-based
vaccines are the newest generation of vaccine production approach [5]. The mRNA vac-
cine technology is a single-stranded RNA molecule that carries a portion of the coding
sequence for the peptide or protein from the virus that can be synthesized in the cytoplasm
(ribosomes). The resulting antigen triggers an immune response, including the production
of antibodies [5]. For instance, the current vaccines developed by the companies Pfizer and
Moderna utilize synthetic mRNA encoding the sequence of the coronavirus’s signature
spike protein (S-protein) that is then encapsulated within a lipid vesicle nanoparticle. (II) Vi-
ral vector vaccines that are developed with new biotechnology [6]. A modified existing
virus, able to infect human cells, is introduced carrying the genetic code of the target virus
antigen in order to stimulate an immune response. Oxford-AstraZeneca, Gamaleya, CanSio
and Johnson & Johnson developed their vaccines based on a DNA sequence encoding the
S-protein inserted into the genome of a modified safe adenovirus. (III) Whole-Pathogen
Inactivated virus vaccines consisting of killed /inactivated whole viruses or virus fragments.
Here the pathogen’s genetic material is destroyed by heat, chemicals, or radiation, so that
they cannot replicate but their presence can still stimulate immunogenicity [7]. Sinopharm,
SinoVac, and Bharat Biotech’s vaccines were produced by inactivating the SARS-CoV-2
with B-propiolactone, but all the viral protein remains intact. (IV) Subunit vaccines that
contain a fragment of the pathogen, either a protein (Pro-subunit), a polysaccharide, or a
combination of both, without introducing viable pathog articles [8]. Lack of genetic
material makes them safe and non-infectious/n ?‘@\Tovavax and Anhui Zhifei
Longcom applied this technology for th ﬂgvél’om of their vaccine, using nanoparti-
cles coated with synthetic S-pr u or boosting the immune response.
Virus-like particle (‘6@&@&%& Q)h)&lbumt vaccine, mimic the native virus structure,
but contaméég g 9] A VLP presents the antigen inserted on a nanopar-

Sifsee G @gth line and Medicago used a plant-derived platform to produce
e, apa elicits neutralizing antibody and immune cell (e.g., TH1 T cell) responses
against COVID—19.

The structural proteins of SARS-CoV-2 include four major proteins: spike (S), mem-
brane (M), and envelope (E) part of the viral surface envelope, and the nucleocapsid (N)
protein in the ribonucleoprotien core. Among viral surface elements, the S-protein is a
primary target for vaccines and therapeutic development against COVID-19 due to its role
in the receptor recognition for cell entry and cell membrane fusion process. The trimeric
S-protein contains two subunits, S1 and S2. The S1 contains a receptor-binding domain
(RBD), which is responsible for recognizing and binding to the host receptor angiotensin-
converting enzyme 2 (ACE2), while the S2 mediates the membrane fusion process by
forming a six-helical bundle (6-HB) via the two-heptad repeat (HR) regions [10]. However,
S1is the immunodominant antigen during CoV infections and induces long-lasting and
broad-spectrum neutralizing antibodies (NAbs) and T-cell immune responses against the
RBD. Thus, the S-protein and the RBD serve as the promising targets of SARS-CoV-2 vac-
cines and the predominant antigenic target for developing a vaccine [11]. Other antigenic
targets, such as non-structural proteins (nsp) 3, nsp8-10 [12], papain-like proteases (PL-
pro), and cysteine-like protease (3CLpro) [13] can be considered an alternative for vaccine
development, but these are expected to elicit less of an immune response.

Efficacy and safety, thus side effect profiles, are core vaccine competencies required by
medical care systems and public health. To the best of our knowledge, there is still no com-
prehensive comparative study around the efficacy and safety of COVID-19-related vaccines.
In this regard, we provide here a meta-analysis on available randomized clinical trial (RCT)
publications providing information on the efficacy and side effects of COVID-19 vaccines.
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2. Methods
2.1. Search Strategy

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses State-
ment (PRISMA) recommendations were followed in this analysis [14]. We searched all
clinical trial publications related to SARS-CoV-2 vaccines from the following databases:
Scopus, EMBASE, Medline (via PubMed), and Web of Science. All studies published
up to 12 March 2021 were searched without language restriction by three independent
reviewers. Search medical subject headings (MeSH) terms used were “Covid-19 Vaccine”,
“SARS-CoV-2 Vaccine”, “clinical trial” or “phase trial”, and “randomized”, as well as all
synonyms. We used the Center for Disease Control (CDC), World Health Organization
(WHO), and Google Scholar databases/academic search engines to look for unpublished
and grey literature. References and citation lists of selected articles and reviews were also
reviewed for any other relevant literature (forward and backward citation, recommended
by Cochrane). Additional search strategy details are provided in Table S1.

2.2. Study Selection

The records were first reviewed by three independent authors based on the title and
abstract (MHR, AP, and SG), all unrelated publications were removed and the full texts
of the remaining articles were reviewed. Then, two independent reviewers (AP and SG)
judged potentially eligible articles and disagreements were resolved by discussion and for
each article a consensus was reached.

2.3. Eligibility and Inclusion Criteria 0

The following predetermined conditions ac()af)\é m‘(e\t for studies to be considered
for inclusion in this meta- analys1s F(E irlifi&l- scr@[zg all clinical studies were included
in the systematic revie stui{fs’;ﬁp se I/11/1II of COVID-19 vaccines were
included in the ﬁﬁ‘;{\ i‘\ \16
c

(

623“\751%1&51& C@@%pg @

M—randomlzed studies, studies without a placebo group, preclinical studies, studies

on animal phase, meta-analyses, letters to the editor, review articles, studies with no

extractable data, and news reports were excluded for the meta-analysis. However, non-

randomized studies were included only in the systematic review. Additionally, 11 vaccine

studies (43 datasets) with no report in the type of adjuvants were excluded from the
adjuvant side effect sub-group meta-analysis.

2.5. Data Extraction

Four independent reviewers extracted data from the studies that were chosen. The
following data were obtained from each article: first authors, trial initiation date, published
yeatr, vaccine name, company, study type, vaccine type, adjuvant, store temperature, trial
phase, doses, injection interval (days), concentration, volume, trial country, all side effects,
and efficacy-related data. Three of the authors (5.G, M.H.R, and A.P) extracted data
independently, and another author (M.Z) reviewed extracted data at random; discrepancies
were resolved by consensus.

2.6. Quality Assessment

The JADAD scale (Oxford quality scoring system) for reporting quality of RCTs was
used to evaluate the included articles’” quality. The JADAD scale included the three quality
parameters of randomization, blinding, and account of all patients. Two questions are
asked for the first two parameters, and one question is asked for the third parameter. Each
query is given a score of one or zero. The highest acceptable score on the prepared checklist
was five, with the lowest acceptable score being three. Data were derived from papers with
a ranking of at least three (Table S2).
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2.7. Analysis

Initially, cleaning data and preparing them for analysis was done in Microsoft Office
365 and analysis was performed by Comprehensive Meta-Analysis Software Version 2.0
software. The point estimates of the effect size, odds ratios (ORs), and 95% confidence
interval (95% CI) were calculated for estimating vaccine efficacy and side effects. Random
effects models were used to estimate pooled effects. Additionally, to search for heterogene-
ity between studies, the 12 statistic was used [15] and high heterogeneity was characterized
as an 12 > 50%, with sources of heterogeneity established through meta-regression and
subgroup analyses. Subgroup analysis based on the vaccine phases significantly decreased
the heterogeneity in the high heterogeneity cases. The presence and effect of publication
bias were examined using funnel plots, Begg’s test, and Egger weighted regression meth-
ods [16,17]. For all analyses, two-tailed statistics and a significance level of less than 0.05
were considered.

3. Result
3.1. Characteristics of Included Studies

A total of 32,790 publications were screened for the COVID-19 vaccines’ side effects
and efficacies. Out of these studies, 27 met the systematic review’s inclusion criteria
(non-randomized and randomized), while 25 randomized studies were included in the
meta-analysis (Figure 1). Characteristics of the selected articles are summarized in Table 1.
A total of 25 studies (123 datasets) were included in the meta-analysis. Studies with different
vaccine phase reports, number of doses, injection concentration, different case, and control
group numbers are considered a separate dataset for theypeta-analysis. All included
studies were written in English. Out of 25 ra d@ﬁ&g studies, 12 were double-blind,
2 participant-blind, 6 observer-blind 43 &m@l'ei ind) Bnd 2 partially blind. The number
of studies by vaccine platfag@s Ef\?\@ ‘rx{%l‘%%b ed, 4 pro-subunit, 8 adenovirus-vector,
5 inactivated, an 1@9&@ d Ju

Record identified for COVID-19 vaccine
(n=32,790)
Records after removal of duplicates and
irrelevant (n = 781)

(1)

=

=

v

o

=4

9

]

[ Record screened (title and abstract) (n=295) ]—P[ Records excluded (n = 66) ]

(S
—

= Excluded because the type of study was

3 Full-text articles assessed for eligibility (n = 29) not specified (n = 1) .

® The study population was repetitive

= (n=1)
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—

Included in the study (n = 27)
Dataset (n = 123)
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only systematic review (n = 2) Systematic review and meta-analysis (n = 25)
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-

Figure 1. Flow diagram of literature search and study selection for meta-analysis (PRISMA flow chart).
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Table 1. Characterization of included studies.
. - Pub. . . . Store Temp RCT Dose Age Range Injection . .
Study Trial Initiation Date Year Vaccine Name Company Study Type Vaccine Type Adjuvant e Phase ©) (Year) Interval (Days) Concentration Trial Country Ref
Yang et al. 22 June and 3 July 2020 2020 ZF2001 Anhui Zhifel Randomized, double-blind, placebo-controlled Pro-Subunit Aluminum 28 I 3 229-547 30 25 ug* China (1]
ongcom hydroxide
Yang et al. 22 June and 3 July 2020 2020 ZF2001 Anhui Zhifel Randomized, double-blind, placebo-controlled Pro-Subunit Aluminum 28 I 3 209-49.4 30 50 ug* China [1s]
ongcom hydroxide
Ellaetal. 13 and 30 July 2020 2021 (gc]?\yalgi) Bharat Biotech Randomized, double-blind, placebo-controlled Inactivated Algel-IMDG 2-8 1 2 18-55 14 3pug* India [19]
Ella et al. 13 and 30 July 2020 2021 (gfxﬁi) Bharat Biotech Randomized, double-blind, placebo-controlled Inactivated Algel IMDG 28 1 2 18-55 14 6 g India [19]
Ella etal. 13 and 30 July 2020 2021 o BharatBiotech  Randomized, double-blind, placebo-controlled Inactivated Algel 28 I 2 18-55 14 6 gt India (9]
Zhu et al. 16 and 27 March 2020 2020 Ad5-nCoV CanSino Non-randomized Ad;‘;‘s’;’(‘im' No adjuvant UN 1 1 18-60 No 5x 1010 yp* China [20]
Zhu etal. 16 and 27 March 2020 2020 Ad5-nCoV CanSino Non-randomized Adi‘;‘s’:;ms' No adjuvant UN 1 1 18-60 No 1% 101 vp+ China [20]
Zhu etal. 16 and 27 March 2020 2020 Ad5-nCoV CanSino Non-randomized Adig‘s’;’;“s' No adjuvant UN 1 1 18-60 No 15 x 1011 vp+ China [20]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled Pro-Subunit No adjuvant 2-8 1 2 20-50 21 3ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled Pro-Subunit AS03 2-8 1 2 3 21 3ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled Pro-Subunit AS03 2-8 I 2 21 3ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled Pro-Subunit CpG/Alum 2-8 1 2| a 20-53 21 3ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled Pro-Subunit CpG/Alum 2-8 55-71 21 3ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled Pro-Subunit No adjuvant 2-8 1 2 20-54 21 I ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled Pro-Subunit AS03 2—8V - 2 21-53 21 9ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled Pro-Subunit S03 C 2 S 1 2 55-64 21 9ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled Pro- Subumt /Alu 19-55 21 9ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled Pro- “[ lum 2 55-67 21 9ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo-controlled 0-St o ad]uvant 2 1849 21 30 pg* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, placebo- controll -Sul uml ASOS 9 1 2 1947 21 30 ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-blind, lacebo- ‘0-Subunit -8 1 2 55-63 21 30 ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, double-bling ﬁ Pro Subuml 2-8 1 2 21-50 21 30 ug* Australia [21]
Richmond et al. 19 June and 23 September 2020 2021 SCB-2019 Clover Randomized, dnu lind}p ontrolled / Alum 2-8 1 2 55-74 21 30 ug* Australia [21]
Kremsner et al. June, 2020 2020 CVnCoV Curevac Random' ind;p acebo controll No adjuvant 5 1 2 18-60 28 2ug* Germany [22]
Kremsner et al. June, 2020 2020 CVnCoV Curevac t 11 blind, plac con A based No adjuvant 5 1 2 19-59 28 4pug* Germany [22]
Kremsner et al. June, 2020 2020 CVnCoV Cureva ( , pamall b ont mRNA based No adjuvant 5 1 2 20-59 28 6 ug* Germany [22]
Kremsner et al. June, 2020 2020 CVnCoV andomlzed ontrolled mRNA-based No adjuvant 5 I 2 20-59 28 8 ug* Germany [22]
Kremsner et al. June, 2020 2020 CVnCqV Ra p acebo controlled mRNA-based No adjuvant 5 I 2 19-59 28 12 pg* Germany [22]
Ward et al. July, 2020 2020 V] edlcago e , partially blind VLP No adjuvant 2-8 I 2 18-55 21 3.75 ng* Canada [23]
Ward et al. July, 2020 2020 CAVLI Med domlzed partially blind VLP CpG 1018 2-8 I 2 18-55 21 3.75 ug* Canada [23]
Ward et al. July, 2020 2020 CoVLP Medi O Randomized, partially blind VLP AS03 2-8 1 2 18-55 21 3.75 pg* Canada [23]
Ward et al. July, 2020 2020 CoVLP Medicigo Randomized, partially blind VLP No adjuvant 2-8 1 2 18-55 21 75 nug* Canada [23]
Ward et al. July, 2020 2020 CoVLP Medicago Randomized, partially blind VLP CpG 1018 2-8 1 2 18-55 21 75 ug* Canada [23]
Ward et al. July, 2020 2020 CoVLP Medicago Randomized, partially blind VLP AS03 2-8 1 2 18-55 21 75 ug* Canada [23]
Ward et al. July, 2020 2020 CoVLP Medicago Randomized, partially blind VLP No adjuvant 2-8 1 2 18-55 21 15 pug* Canada [23]
Ward et al. July, 2020 2020 CoVLP Medicago Randomized, partially blind VLP CpG 1018 2-8 I 2 18-55 21 15 ug* Canada [23]
Ward et al. July, 2020 2020 CoVLP Medicago Randomized, partially blind VLP AS03 2-8 I 2 18-55 21 15 pg Canada [23]
Jackson et al. 16 March and 14 April 2020 2020 mRNA-1273 Moderna Open-label mRNA-based No adjuvant -20 I 2 18-55 28 25 ug* United States [24]
Jackson et al. 16 March and 14 April 2020 2020 mRNA-1273 Moderna Open-label mRNA-based No adjuvant -20 1 2 18-55 28 100 mg * United States [24]
Jackson et al. 16 March and 14 April 2020 2020 mRNA-1273 Moderna Open-label mRNA-based No adjuvant -20 1 2 18-55 28 250 mg * United States [24]
Anderson et al. 16 April and 12 May 2020 2020 mRNA-1273 Moderna Open-label mRNA-based No adjuvant —20 1 2 56-70 28 25mg* United States [25]
Anderson et al. 16 April and 12 May 2020 2020 mRNA-1273 Moderna Open-label mRNA-based No adjuvant -20 1 2 71< 28 25mg * United States [25]
Anderson et al. 16 April and 12 May 2020 2020 mRNA-1273 Moderna Open-label mRNA-based No adjuvant -20 1 2 56-70 28 100 mg * United States [25]
Anderson et al. 16 April and 12 May 2020 2020 mRNA-1273 Moderna Open-label mRNA-based No adjuvant -20 I 2 71< 28 100 mg * United States [25]
Keech et al. 26 May and 6 June 2020 2020 NVX-CoV2373 Novavax Randomized, observer-blind, placebo-controlled Pro-Subunit No adjuvant 2-8 1 2 18-59 21 25 ug/0.6 ml Uﬁ‘:esctlrgi:\t,es [26]
Keech et al. 26 May and 6 June 2020 2020 NVX-CoV2373 Novavax Randomized, observer-blind, placebo-controlled Pro-Subunit Matrix-M1 2-8 I 2 18-59 21 5 pg/0.6 ml Ur‘/:ltlesctlrgilaat,e s [26]
Keech et al. 26 May and 6 June 2020 2020 NVX-CoV2373 Novavax Randomized, observer-blind, placebo-controlled Pro-Subunit Matrix-M1 2-8 I 2 18-59 21 25 ng/0.6 ml Ur‘?itfcllrg::it,es [26]
Keech et al. 26 May and 6 June 2020 2020 NVX-CoV2373 Novavax Randomized, observer-blind, placebo-controlled Pro-Subunit Matrix-M1 2-8 1 1 18-59 21 25 11g/0.6 ml Australia, [26]

United States
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Study Trial Initiation Date 5::: Vaccine Name Company Study Type Vaccine Type Adjuvant s‘“’g gfmp ;}S:e D(z)se Ag&l‘::;ge lnti‘:\i/:t(ilg:ys) Concentration Trial Country Ref
Sahin et al. 23 April and 22 May 2020 2020 BNT162b1 Pfizer/BioNTech Randomized, single-blind mRNA-based No adjuvant (—60)-(—80) 1 2 18-55 21 Tug* Germany [27]
Sahin et al. 23 April and 22 May 2020 2020 BNT162b1 Pfizer /BioNTech Randomized, single-blind mRNA-based No adjuvant (—60)-(—80) 1 2 21.4-55.8 21 10 pg* Germany [27]
Sahin et al. 23 April and 22 May 2020 2020 BNT162b1 Pfizer /BioNTech Randomized, single-blind mRNA-based No adjuvant (—60)-(—80) 1 2 25.1-55 21 30 ug* Germany [27]
Sahin et al. 23 April and 22 May 2020 2020 BNT162b1 Pfizer/BioNTech Randomized, single-blind mRNA-based No adjuvant (—60)-(—80) 1 2 23.9-54 21 50 ug* Germany [27]
Sahin et al. 23 April and 22 May 2020 2020 BNT162b1 Pfizer/BioNTech Randomized, single-blind mRNA-based No adjuvant (—60)-(—80) 1 1 19.9-47.8 No 60 ug* Germany [27]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b1 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) 1 2 20.9-53.2 21 10 ug* Ulgf:rﬁr{n z:j;es, [28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b1 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) 1 2 18-55 21 10 pug* U’g:f‘in Sat:;,es, 28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b1 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)—(—80) I 2 65-85 21 20 pg* Ur(‘;zi‘it:;es' 28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b1 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) 1 2 18-55 21 20 ug* Ur(\;'ieli‘it:;es, [28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b1 Pfizer /BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) 1 2 65-85 21 30 ug* Urézij::;es’ [28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b1 Pfizer /BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) 1 2 18-55 21 30 ug* Ulg:‘:n Safna;es, 28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b2 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) 1 2 Y\GS 21 10 ug* Ux&i::[insat:;es, [28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b2 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) N a\ 18-55 21 10 pug* UnGiZeI:lnSat:)t,es, 28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b2 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)—(%8! . Ca 2 65-85 21 20 ug* Uré;i;eli‘it:;es, [28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b2 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No djuva\(\g(ﬁ—(—w) 2 18-55 21 20 ug* Uré:_dmzf;es’ 28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b2 Pfizer /BioNTech Randomized, observer-blind, placebo-controlled mRN?ﬂﬂ jﬂvant 80) 26 2 65-85 21 30 ug* Ulét:ﬁn ztj;es, [28]
Walsh et al. 4 May and 22 June 2020 2020 BNT162b2 Pfizer/BioNTech  Randomized, observer-blind, placebo-gentroll S@NA- ased Nogadju V ( Oﬁs& 1 2 18-55 21 30 ug* U“Gifriz‘:;es' 28]

Xia et al. 12 April and 2 May 2020 2020 BBIBP-CorV Sinopharm Randomized, doubleblin@iés\ Inactiv, d 1 2-8 1 3 65-85 28 25 ug* China [29]
Xia et al. 12 April and 2 May 2020 2020 BBIBP-CorV Sinopharm Ray @mind, placebo contrg eT C“&ﬁg ﬁlyh(‘i‘:‘;;“‘;: 28 1 3 18-59 28 5ug* China [29]
Xia et al. 12 April and 2 May 2020 2020 BBIBP-CorV Sino harF ( &é ized, doublasbl| %ma Inactivated ﬁ;?;iﬁ: 2-8 1 3 18-59 28 10 pg* China [29]
Xia et al. 29 April and 28 June 2020 2020 BBIﬁea\%arm } ed‘@sm placebo controlled Inactivated ﬁly“d‘;‘;:;‘;‘ 2-8 1 2 18-59 28 2 pug* China [30]
Xia etal. 29 April and 28 June 2020 2020 BBIBR-CotV Sinopﬂo . zed, double-blind, placebo controlled Inactivated ﬁi]‘gf{;z}‘gz 2-8 1 2 18-59 28 2ug* China [30]
Xia etal. 29 April and 28 June 2020 2020 BBIBP-CorV Sinophdrm Randomized, double-blind, placebo controlled Inactivated ﬁl/‘gz::lr: 2-8 1 2 60 < 28 4ug* China [30]
Xia et al. 29 April and 28 June 2020 2020 BBIBP-CorV Sinopharm Randomized, double-blind, placebo controlled Inactivated ﬁ;}l;r:\(:;\;r;\ 2-8 I 2 18-59 28 4pug China [30]
Xia et al. 29 April and 28 June 2020 2020 BBIBP-CorV Sinopharm Randomized, double-blind, placebo controlled Inactivated ﬁ;?;z:;: 2-8 1 2 60 < 28 8ug* China [30]
Xia et al. 29 April and 28 June 2020 2020 BBIBP-CorV/ Sinopharm Randomized, double-blind, placebo controlled Inactivated ﬁ;udr:\;:;r: 2-8 1 2 18-59 28 8 ug* China [30]
Zhang etal. 16 and 25 April 2020 2020 CoronaVac Sinovac Randomized, double-blind, placebo controlled Inactivated ﬁ;‘;‘:;:;:\ 2-8 1 2 60< 14 3ug* China [31]
Zhang etal. 16 and 25 April 2020 2020 CoronaVac Sinovac Randomized, double-blind, placebo controlled Inactivated ﬁ;‘:i?;:::{n: 2-8 1 2 18-59 28 3ug* China [31]
Zhang et al. 16 and 25 April 2020 2020 CoronaVac Sinovac Randomized, double-blind, placebo controlled Inactivated ﬁ;‘;‘:‘(::::l? 2-8 I 2 18-59 14 6 1ug China [31]
Zhang et al. 16 and 25 April 2020 2020 CoronaVac Sinovac Randomized, double-blind, placebo controlled Inactivated ﬁ;‘;‘;z:i‘: 2-8 1 2 18-59 28 6ug* China [31]
Logunov et al. 18 June and 3 August 2020 2020 Sputnik V Gamaleya Non-randomized Adi‘;‘;’éms' No adjuvant 2-8 1 1 18-59 No 1011 yp* Russia [32]
Logunov etal. 18 June and 3 August 2020 2020 Sputnik V Gamaleya Non-randomized Adenovirus- No adjuvant 28 1 1 18-60 No 1011+ Russia 132]
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. - Pub. . . . Store Temp RCT Dose Age Range Injection . .

Study Trial Initiation Date Year Vaccine Name Company Study Type Vaccine Type Adjuvant e Phase ©) (Year) Interval (Days) Concentration Trial Country Ref
Logunov et al. 18 June and 3 August 2020 2020 Sputnik V (Lyo) Gamaleya Non-randomized Ad;r;z:(lirus- No adjuvant 2-8 1 1 18-60 No 1011+ Russia [32]
Logunov et al. 18 June and 3 August 2020 2020 Sputnik V (Lyo) Gamaleya Non-randomized Adf)‘a“s’;’;r“s' No adjuvant 2-8 1 1 18-60 No 1011+ Russia 321

. . Randomized, participant-blind, Adenovirus- - . 10 United
Folegatti et al. 23 April and 21 May 2020 2020 AZD1222 Oxford/AstraZeneca placebo-controlled based No adjuvant 2-8 /10 2 18-60 28 5x10*Y VP * Kingdom [33]
Mulligan et al. 4 May and 19 June 2020 2020 BNT162b1 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) /11 2 18-55 21 10 pg* Multicenter ! [34]
Mulligan et al. 4 May and 19 June,2020 2020 BNT162b1 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) /1 2 24-42 21 30 ug* Multicenter 1 [34]
Mulligan et al. 4 May and 19 June 2020 2020 BNT162b1 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) /1 1 23-52 No 100 pg* Multicenter ! [34]
Yang et al. 12 and 17 July 2020 2020 ZF2001 A:];:;f:;fel Randomized, double-blind, placebo-controlled Pro-Subunit ﬁ;‘a‘?s:‘gg 2-8 1T 2 25-53 30 25 ug* China [18]
Yang et al. 12 and 17 July 2021 2020 ZF2001 AIEE:;CZ(:::EI Randomized, double-blind, placebo-controlled Pro-Subunit i‘;‘;‘:‘;‘;ﬁi‘: 2-8 il 2 18.8-58.4 30 50 g * China [18]
Yang et al. 12 and 17 July 2022 2020 ZF2001 A’L‘E;“gcz:‘:e‘ Randomized, double-blind, placebo-controlled Pro-Subunit ﬁly“d';‘(;‘x“‘:: 2-8 I 3 19.9-59.1 30 25 ug* China [18]
Yang et al. 12 and 17 July 2023 2020 ZF2001 Aﬁ:’gfg‘f‘ Randomized, double-blind, placebo-controlled Pro-Subunit ﬁ;“d‘:‘;;‘g: 2-8 i 3 20-59.7 30 50 g * China [18]
Zhuetal. 11 and 16 April 2020 2020 Ad5-nCoV CanSino Randomized, double-blind, placebo-controlled Ad;‘z:;ms- No adjuvant UN it 1 \h 9.6 No 1x 1011+ China [35]
Zhu et al. 11 and 16 April 2020 2020 Ad5-nCoV CanSino Randomized, double-blind, placebo-controlled AdebchJ:érus- No adjuvant UN Ga a No 5% 1010 % China [35]
Chu etal. 29 May and 8 July 2020 2020 mRNA-1273 Moderna Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (V 2 18< 28 50 mg * United States [36]
Chu et al. 29 May and 8 July 2020 2020 mRNA-1273 Moderna Randomized, observer-blind, placebo-controlled mRNA-based No adjuv: - g 2 18-54.99 28 50 mg * United States [36]
Chu et al. 29 May and 8 July 2020 2020 mRNA-1273 Moderna Randomized, observer-blind, placebo-controlled mRNA-based Nok d]uv%(\ =20 6 55< 28 100 mg * United States [36]
Chu et al. 29 May and 8 July 2020 2020 mRNA-1273 Moderna Randomized, observer-blind, placebo-controlled mRNA-based d ]uva —20 18-54.99 28 100 mg * United States [36]
3 ) Randomized, participant-blind, Aden@vij ﬂ“[ 10 United
Ramasamy et al. 30 May and 8 August 2020 2020 AZD1222 Oxford/ AstraZeneca placebo-controlled ba ] o ad]uvant 2 55< 28 22 x 10"V VP* Kingdom [37]
. Randomized, participant bh;s S novirus- . y 10 United
Ramasamy et al. 30 May and 8 August 2020 2020 AZD1222 Oxford/ AstraZeneca placebo-congalle e"\ based :3“ t i 1 18-55 No 22 x 104V VP * Kingdom 371
Ramasamy et al. 30 May and 8 August 2020 2020 AZD1222 Oxford/ AstraZeneca Randomlzedc é:)rrt\lt " E‘m !"1 adjuvant 28 1 2 56-69 28 22 %1010 yp* K‘ii“g‘;?m 137]
Pp: rthlpant -blind, “i irus- . 9 10 United -
Ramasamy et al. 30 May and 8 August 2020 2020 AZD1222 Oxford/ AstraZ neca eé@cebo control % a based No adjuvant 2-8 ! 1 5669 No 22x10°Y vp* Kingdom [37]
Randomlze , Adenovirus- . 10 United
Ramasamy et al. 30 May and 8 August 2020 2020 AZD1222 based No adjuvant 2-8 I 2 70< 28 22 x 10V vpP* Kingdom [37]
nde i rticipant-blind, Adenovirus- . 9 3.5-65 x 1010 United
Ramasamy et al. 30 May and 8 August 2020 2020 A% E & vd/AstraZeneca  f ! 2 plicebo-controlled based No adjuvant 2-8 I 2 70< 28 VP * Kingdom [37]
Randomized, participant-blind, Adenovirus- . 35-6.5 x 1010 United -
. v =
Ramasamy et al. 30 May and 8 August 2020 2020 AZD1222 Oxford/ placebo-controlled based No adjuvant 2-8 I 1 18-55 No VP * Kingdom [37]
. Randomized, participant-blind, Adenovirus- . 3.5-6.5 X 1010 United
Ramasamy et al. 30 May and 8 August 2020 2020 AZD1222 Oxford/ AstraZeneca placebo-controlled based No adjuvant 2-8 i 2 5669 28 VP Kingdom [37]
Randomized, participant-blind, Adenovirus- . 35-6.5 x1010 United
Ramasamy et al. 30 May and 8 August 2020 2020 AZD1222 Oxford/ AstraZeneca placebo-controlled based No adjuvant 2-8 I 1 56-69 No VP e Kingdom [37]
Randomized, participant-blind, Adenovirus- . 35-6.5 x 1010 United
. <
Ramasamy et al. 30 May and 8 August 2020 2020 AZD1222 Oxford/ AstraZeneca placebo-controlled based No adjuvant 2-8 I 2 70< 28 v+ Kingdom [37]
Xia etal. 12 April and 2 May 2020 2020 BBIBP-CorV Sinopharm Randomized, double-blind, placebo controlled Inactivated ﬁ;‘;‘;‘;::“i‘: 2-8 jii 3 70< 28 5ug* China [29]
Xia etal. 12 April and 2 May 2020 2020 BBIBP-CorV Sinopharm Randomized, double-blind, placebo controlled Inactivated ﬁ;‘;’:‘o‘:“z": 28 i 3 18-59 28 5ug* China [29]
Xia et al. 18 May and 30 July 2020 2020 BBIBP-CorV Sinopharm Randomized, double-blind, placebo controlled Inactivated ?ly‘;‘;‘;;“‘zi‘: 2-8 il 1 18-59 No 8 ug* China [30]
Xia et al. 18 May and 30 July 2020 2020 BBIBP-CorV Sinopharm Randomized, double-blind, placebo controlled Inactivated fy‘l‘i‘;‘;:“g: 2-8 i 2 18-59 14 4pg* China [30]
Xia etal. 18 May and 30 July 2020 2020 BBIBP-CorV Sinopharm Randomized, double-blind, placebo controlled Inactivated ﬁly‘:i‘;‘;::l‘: 2-8 I 2 18-59 21 4pg* China 301
Xia etal. 18 May and 30 July 2020 2020 BBIBP-CorV/ Sinopharm Randomized, double-blind, placebo controlled Inactivated ﬁ;‘:;\;::;;\ 2-8 I 2 18-59 28 4pug* China [30]
Zhang et al. 3and 5 May 2020 2020 CoronaVac Sinovac Randomized, double-blind, placebo controlled Inactivated Alumm}lm 2-8 I 2 18-59 14 3ug* China [31]

hydroxide
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Store Temp RCT Dose Age Range Injection

Study Trial Initiation Date Pub. Year Vaccine Name Company Study Type Vaccine Type Adjuvant e Phase ©) (Year) Interval (Days) Concentration Trial Country Ref
Zhang et al. 3 and 5 May 2020 2020 CoronaVac Sinovac Randomized, double-blind, placebo controlled Inactivated ?;L;:‘;:‘Lg: 2-8 I 2 18-59 28 3ug* China [31]
Zhang et al. 3 and 5 May 2020 2020 CoronaVac Sinovac Randomized, double-blind, placebo controlled Inactivated i;‘ﬁg::g 2-8 i 2 18-59 14 6 ug* China [31]
Zhang etal. 3 and 5 May 2020 2020 CoronaVac Sinovac Randomized, double-blind, placebo controlled Inactivated ﬁ;‘gx:‘gg 2-8 I 2 18-59 28 6 pg* China [31]

Logunov et al. 18 June and 3 August 2020 2020 Sputnik V Gamaleya Non-randomized Adenovirus- No adjuvant 2-8 ! 2 18-59 21 1011 vp* Russia [32]
based
Logunov et al. 18 June and 3 August 2020 2020 (ligl;:ilfitc\;) Gamaleya Non-randomized Adcbrgzgflirus- No adjuvant 2-8 I 2 18-60 21 1011 vp* Russia [32]
Adenovirus- 22 %1010 VP« United
Voysey et al. 23 April and 4 November 2020 2021 AZD1222 Oxford/AstraZeneca Randomized, single-blind, placebo-controlled based No adjuvant 2-8 /11 2 18-60 28 (1st)/5 x 1010 Kingdom 38]
VP * (2nd)
Voysey et al. 23 April and 4 November 2020 2021 AZD1222 Oxford/AstraZeneca Randomized, single-blind, placebo-controlled Adeb';‘s’;’[‘;“s' No adjuvant 28 11/ 2 18< 28 5% 1010 yp+ K‘i\';éeodm [38]
Pollack et al. 27 July and 14 November 2020 2020 BNT162b2 Pfizer/BioNTech Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant (—60)-(—80) /11 2 18< 21 30 ug/0.3ml Multinational ! [39]
Baden et al. 27 July and 23 October 2020 mRNA-1273 Moderna Randomized, observer-blind, placebo-controlled mRNA-based No adjuvant -20 m 2 16-89 28 100 pg* United States [40]
Voysey et al. 23 April and 4 November 2020 2021 AZD1222 Oxford/AstraZeneca Randomized, single-blind, placebo-controlled Adeblz‘(sJ:érus— No adjuvant 2-8 2 \h‘ 28 5x 1010 vp+ Brazil [38]
Logunov et al. 7 ?\Ieg‘l’:mt: 332024 2021 Sputnik V Gamaleya Randomized, double-blind, placebo controlled Ad]ej\;c;;';rus- No adjuvant G a 21 1011 yp* Russia [41]
Sadoff et al. 20 July 2020 2021 Ad26.COV2S ]‘J’:}"‘::n& Randomized, double-blind, placebo-controlled Adenoviral No adjuvant w A z 18-55 No 5 1010 Belgium, US 2]
Sadoff et al. 20July 2020 2021 Ad26.COV2.S "]’(})‘}‘f“s’;‘n& Randomized, double-blind, placebo-controlled Adenoviral o adj ﬂc qdz 19-55 No 1x 1011 Belgium, US [42]
Sadoff et al. November 2020 2021 Ad26.COV2.S Jl]??;\sz;\n& Randomized, double-blind, placebo-controlled ?“ﬂ sz“"a“t 2 2 65-83 No 5 x 1010 Belgium, US 142]
Sadoff et al. November 2020 2021 Ad26.COV2.S J (]’:J‘]i‘li::)\n& Randomized, double-blind, placel% pfws vencc;:;rail \l‘ ‘\ UN /1 2 65-88 No 1x 1011 Belgium, US [42]
! From 152 sites worldwide (United States, 130 sites; Argentina, 1; Brazil mﬁu ?German @L%I, 97 UN = unavailable. VP = virus particle; Pro-Subunit = protein subunit; VLP = virus-like

[Algel]); RCT = randomized control trial. * per 0.5 m. S
separate dataset. More detailed information js gr

particle; Alum = aluminium; Adv= adenovirus; CpG = cytosme- xynucleo g ene-based immunologic adjuvant; Algel-IMDG (an imidazoquinoline molecule chemisorbed on alum
nt rep%%g@ cift€ phase, the vaccine dose, injection concentration, different case, and control group numbers are considered as a
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3.2. Characteristics of Participants

A total of 58,889 cases that received the COVID-19 vaccine and 46,638 controls who
received placebo were included in this study. Out of 58,889 vaccine cases, 31,070 were male
and 27,819 female. Out of 46,638 individuals in the placebo group, 33,354 were male and
13,284 female. All vaccines and placebos were intramuscularly (IM) injected. Detailed
information of age ranges of either vaccine or placebo groups is shown in Table 1.

3.3. Efficacy of Different COVID-19 Vaccines
3.3.1. Efficacy of mRNA-Based COVID-19 Vaccines

The mRNA-based COVID-19 vaccines had 94.6% (95% CI 0.936-0.954) efficacy in a
total of 34,041 cases in phase II/III RCTs (Table 2). Figure 2 shows the efficacy of COVID-19
vaccines after the first and second doses. Efficacy four weeks after first dose was reported
for only one antibody (NAb 70.2% (95% CI 0.655-0.746)). Efficacy after a second dose of
mRNA-based COVID-19 vaccines was reported for RBD, S-protein, and NAbs, with the
highest efficacy for NAbs at 99.5% (95% CI 0.980-0.999) (Table 3).

Table 2. Efficacy of adenovirus-based and mRNA-based COVID-19 vaccines.

. Number 95% CI (%) Included  Heterogeneity
Vaccine Type RCT Phase . Efficacy (%)
P Studies y Lower Limit  Upper Limit Case N Test, p-Value
Adenovirus-based 2/3 4 80.2 0.564 0.927 20771 <0.001
mRNA-based 2/3 2 94.6 0.936 0.954 34041 <0.001
RCT = randomized control trial. ‘(\O
can?

3.3.2. Efficacy of Adenovirus—VectmR%‘Cm@D}Jl' m@nes

The pooling of fou‘-ré%@ gnuplg;x I]?Lﬁl’) results (a total of 20,771 cases included)

showed aiécgbf ctor&c%\@md -19 vaccines had 80.2% (95% CI 0.56-0.93) efficacy

(T l@}egx T éﬁj@% &)Vse, the efficacy of the adenovirus-vectored COVID-19 vaccine

\,\eagé eohigﬂes 97.6% (95% CI 0.939-0.997) against RBD three weeks after injection.

Whereas, adenovirus-vectored COVID-19 vaccine had the highest efficacy by producing
NADbs 99.9% (95% CI 0.985-1.000) after 4 and 2 weeks of the second injection (Table 3).

3.3.3. Efficacy of Inactivated COVID-19 Vaccines

After the first vaccine dose, the inactivated COVID-19 vaccine’s efficacy was the
highest against RBD at 91.3% (95% CI 00.564-0.96) four weeks after injection. Whereas, the
highest efficacy against S-protein was 94% (95% CI 0.941 0.877-0.973) two weeks after the
second injection (Table 3).

3.3.4. Efficacy of Pro-Subunit COVID-19 Vaccines

Pro-subunit vaccine efficacy was the highest against RBD at 87.3% (95% CI 0.671-0.892)
four weeks after the first dose. Similarly, it had the highest efficacy against RBD protein at
95.6% (95% CI 0.937-0.970) four weeks after the second dose (Table 3).

3.3.5. Efficacy of VLP COVID-19 Vaccines

Efficacy of VLP vaccines was reported only against RBD three weeks after the first
dose at 23.8% (95% CI 0.091-0.375) and three weeks after the second dose at 78.7% (95% CI
0.581-0.908) (Table 3).

3.4. Side Effects of Different COVID-19 Vaccines

Adjusted pooled odds ratio (OR) between vaccine and placebo groups were assessed
for estimating the association of side effects by the administration of different COVID-19
vaccines. mRNA-based vaccines had the highest number of associated side effects, except
for diarrhea and arthralgia, for which the adenovirus-vectored vaccine had the highest OR
(Figure 3).
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Figure 2. Efficacy of different COVID-19 vaccines (a) after the first and (b) second doses.

The administration of mRNA-based vaccine was associated with a greater number
of side effects, such as injection site pain, fever, redness, swelling, induration, pruritus,
chills, myalgia, arthralgia, vomiting, fatigue, and headache, by yielding a summary OR
of 83.06 (95% CI 37.05-186.1) (in phase II/III RCTs), 36.90 (95% CI 12.34-105.21) (in phase
I/11/1II RCTs), 24.40 (95% CI 18.73-31.77) (in phase I/II/III RCTs), 18.79 (95% CI 4.87-72.40)
(in phase I/II/III RCTs), 17.5 (95% CI 1.96-155.58) (in phase I/1I RCTs), 17.50 (95% CI
1.98-155.58) (in phase II/III RCTs), 13.11 (95% CI 7.19-23.89) (in phase II/III RCTs), 10.71
(95% CI 6.51-17.60) (in phase I/II RCTs), 9.67 (95% CI 1.27-76.90) (in phase III/II RCTs),
8.71 (95% CI 4.38-17.34) (in phase I/II RCTs), 6.16 (95% CI 5.86-6.48) (in phase III RCTs),
and 5.13 (95% CI 2.32-11.31) (in phase I/II RCTs), respectively, compared to other types
of vaccines. Nevertheless, the adenovirus-vectored vaccine was associated with higher
rates of diarrhea with OR of 4.59 (95% CI 3.58-5.89), and arthralgia OR of 10.61 (95% CI
7.60-14.83) compared to others (Table 4). It should be considered that heterogeneity (I-
squared test) of the pooled meta-analysis for most of the side effects was low (12 < 50%),
which indicates that variation in study outcomes between the included studies was low,
even though different companies and different research groups across the world have
been included. More detailed information such as Forest plot, Funnel plot, heterogeneity
test, and sub-group analysis of each side effects are shown in Figures S1-521 (in the

Supplementary Materials).
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Table 3. Efficacy of different COVID-19 vaccines after the first and second doses.
Vaccine Placebo
Antigen/ After Injection . . . - - . . .. -
Shot Antibody (Week) Vaccine Type Studies N Efficacy Lower Limit Upper Limit I-Squared Studies N Efficacy Lower Limit Upper Limit I-Squared
) Adenovirus-based 4 0.603 0.471 0.722 738 2 0.004 0.001 0.027 0
Inactivated 4 0.870 0.734 0.983 938 4 0.024 0.008 0.072 0
3 Adenovirus-based 2 0.976 0.939 0.997 0.0 NA NA NA NA NA
RBD VLP 8 0.238 0.091 0.375 843 NA NA NA NA NA
Adenovirus-based 2 0.966 0.942 0.980 0.0 2 0.004 0.001 0.027 0
4 Inactivated 4 0.913 0.564 0.958 90.7 4 0.061 0.033 0.110 0
Pro-Subunit 6 0.628 0.590 0.665 0.0 NA NA NA NA NA
After 1st dose 2 Inactivated 2 0.293 0.182 0437 0.0 2 0.083 0.032 0.202 0
S-protein 3 Pro-Subunit 4 0.790 0.474 0.874 91.0 4 0.021 0.005 0.079 0
P . Inactivated 2 0.396 0.269 0.539 0.0 2 h 021 0.003 0.134 0
Pro-Subunit 4 0.873 0.671 0.892 91.9 Al a\ 021 0.005 0.079 0
P ~\ ‘ N
2 Inactivated 4 0.583 0.210 0.868 950, (s 0.030 0.013 0.070 0
3 Pro-Subunit 4 0.551 0.291 0786 a G 85N - ~ l,f 0.021 0.005 0.079 0
NAb Adenovirus-based 2 0.547 0.496 (&g , \\) 76.8 0 ) 0.008 0.002 0.031 0
4 Inactivated 4 0.691 0.537 F \) \ 2 0 4 0.025 0.008 0.074 0
i 9
mRNA-based 4 0702 o r\(\_@e 0746, \\‘\' ) 4 0.010 0.004 0.026 0
) Inactivated 9 RS\ " 076 . edo.%\)u 7 a8 9 0.171 0.077 0336 85
mRNA-based 5 0¥ 0.866 86.0 NA NA NA NA NA
. QUL <
RBD s Adenov1rus—bas€ (e@}) @@8 980 0.984 0.0 1 0.149 0.139 0.159 0
) A“l\I“ 9 F\R 0.581 0.908 78.1 NA NA NA NA NA
194 Y 0 A d
A H Ivated 'ZAL 0.944 0.842 0.982 159 4 0.063 0.026 0.143 0
Pro-SubunNO 6 0.956 0.937 0.970 0.0 NA NA NA NA NA
Inactivated 7 0.941 0.877 0.973 61.4 7 0.290 0.139 0.507 87
2 Pro-Subunit 18 0.852 0.719 0.928 624 18 0.028 0.014 0.052 0
S-protein mRNA-based 5 0.786 0.725 0.836 0.0 NA NA NA NA NA
After 2nd dose
. Inactivated 4 0.934 0.842 0.974 159 4 0.063 0.026 0.143 0
Pro-Subunit 14 0.792 0.679 0.873 50.7 15 0.031 0.015 0.061 0
Adenovirus-based 1 0.999 0.985 1.000 0.0 NA NA NA NA NA
) Inactivated 9 0.845 0.724 0.919 86.5 9 0.151 0.068 0.303 85
Pro-Subunit 23 0.753 0.667 0.823 68.2 19 0.028 0.015 0.052 0
mRNA-based 9 0.870 0.747 0.938 824 4 0.008 0.003 0.024 0
NAbs 3 Adenovirus-based 1 0.958 0.955 0.961 0.0 1 0.071 0.065 0.079 0
Adenovirus-based 1 0.999 0.985 1.000 0.0 NA NA NA NA NA
. Inactivated 4 0.700 0.375 0.901 86.1 4 0.033 0.011 0.099 0
Pro-Subunit 17 0.759 0.574 0.881 62.9 15 0.031 0.015 0.061 0
mRNA-based 4 0.995 0.980 0.999 0.0 4 0.016 0.007 0.035 0

S-protein = spike protein, Alum = aluminium, CpG = cytosine-guanine oligodeoxynucleotide, AS03 = squalene-based immunologic adjuvant, RBD = receptor-binding domain, NAb = neutralizing antibody,
Pro-Subunit = protein subunit, NA = not available.
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Figure 3. Local and systemic side effects of different COVID-19 vaccines.
Table 4. Association of side effects with different COVID-19 vaccines.
. . Odds Ratio Heterogeneity
Side Effect Vaccine Type Phase 5% CI) Included Study Test, I-Squared
2/3 83.06 (37.05-186.1) 5 81.33
mRNA-based 1/2 28.26 (16.18-49.35) 17 0
. 2/3 13.64 (8.39-22.17) 2
. . Adenovirus-based 1/2 3.2 (2.7-4) > 0
Site pain
Inacti d 2/3 1.73 (0.667-4.5) 6 46.64
nactivate 1/2 3.19 (1.3-7.6) 10 52.14
Pro-Subuni 2/3 2.14 (1.01-4.5) 4 48.55
ro-Subunit 1/2 2.29 (0.48-10.8) 2 29.93
Adenovirus-based 1/2/3 1.21 (0.77-1.89) 2 0
Swellin Inactivated 1/2/3 0.402 (0.056-2.90) 2 0
& Pro-Subunit 1/2/3 6.48 (3.09-13.67) 5 0
mRNA-based 1/2/3 18.79 (4.87-72.40) 3 59.08
Adenovirus-based 1/2/3 1.35 (0.815-2.25) 4 0
Redness Pro-Subunit 1/2/3 7.29 (3.70-14.38) 6 0
mRNA-based 1/2/3 24.40 (18.73-31.77) 1 0
Adenovirus-based 1/2 3.10 (1.96-4.89) 1 0
Ttch Inactivated 1/2 0.32 (0.02-5.3) 1 0
Pro-Subunit 1/2 25.44 (7.85-82.40) 6 0
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Table 4. Cont.

. . Odds Ratio Heterogeneity
Side Effect Vaccine Type Phase ©95% CI) Included Study Test, I-Squared
Cough Adenovirus-based 1/2/3 1.76 (1.20-2.58) 3 0
Adenovirus-based 1/2/3 1.73 (0.57-5.66) 3 90.5
R Inactivated 1/2/3 0.27 (0.09-0.76) 5 0
ever Pro-Subunit 1/2/3 1.17 (0.73-1.86) 4 0
mRNA-based 1/2/3 36.90 (12.34-105.21) 3 43.31
3 4.63 (4.4-4.86) 1 0
mRNA-based 2 2.32(1.28-4.19) 4 69.20
1/2 5.13 (2.32-11.31) 5 63.02
2 2.54 (1.65-3.91) 2 0
Headache Adenovirus-based 1/2 3.01 (2.35-3.87) 1 0
3 0.58 (0.49-0.68) 1 0
Inactivated 2 0.18 (0.02-1.14) 2 0
Pro-Subun 2 1.25 (0.33-4.7) 2 0
ro-Subunit 1/2 1.99 (1.21-3.26) 14 0
Adenovirus-based 1/2 2.72 (2.2-3.37) 3 0
Inactivated 1/2 0.39 (0.18-0.82) 7 0
. Pro-Subunit 1/2 2.7 (1.01-7.16) 4 372
Fatigue a‘ ‘20
1/2 50(342-733) N 48.23
mRNA-based 2-3 4.87 (4.636@9»1 . 5 1 0
3  b1e0seeay 2020 1 0
Adenovirus-based 1 eﬁeﬂsc_ N kg (Q‘Oé&)@) 2 46.44
. Inactivated dory N8 (0.06-0.58) 4 0
Induration Pro-Subwnit T 1€ 5513@)8 At 6 (123-558) 2 0
ml\»m@gggg\ q 2272012 17.5 (1.96-155.58) 1 0
Adenovirus-based 1/2 2.75 (1.99-3.82) 3 0
Inactivated 1/2 0.32 (0.02-5.38) 1 0
Vomiting 1/2 8.71 (4.38-17.34) 8 0
mRNA-based 2-3 4.87 (4.65-5.09) 1 0
3 6.16 (5.86-6.48) 1 0
Adenovirus-based 1/2 2.51 (1.12-5.63) 2 0
Diarrhea Inactivated 1/2 0.60 (0.13-2.83) 3 0
mRNA-based 1/2 0.54 (0.27-1.10) 5 0
Adenovirus-based 1/2 4.59 (3.58-5.89) 3 0
Inactivated 1/2 1.43 (0.25-8.08) 2 0
) Pro-Subunit 2.92 (0.57-8.75) 8 53.30
Myalgia
1/2 10.71 (6.51-17.60) 10 33.74
mRNA-based 2/3 7.0 (6.57-7.47) 1 0
3 1.43 (0.25-8.08) 1 0
Adenovirus-based 2/3 4.06 (2.99-5.57) 3 0
Arthralgia Pro-Subunit 2/3 1.34 (0.47-3.83) 4 4.833
mRNA-based 2/3 9.67 (1.27-76.90) 3 67.97
Chill Adenovirus-based 2/3 10.61 (7.60-14.83) 1 0
s mRNA-based 2/3 13.11 (7.19-23.89) 8 3.82
Pruri Adenovirus-based 2/3 0.54 (0.23-1.25) 2 0
ruritus mRNA-based 2/3 17.50 (1.98-155.58) 1 0
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Side effect

Serious Adverse Side Effects of COVID-19 Vaccines

Only three studies reported anaphylactic shock as an adverse effect of COVID-19
vaccines—(1) 1 out of 84 vaccine cases for the inactivated vaccine [30]; (2) 1 case out of 2063
vaccinated for the adenovirus-based vaccine [38], (3) 1 case out of 15,181 in the vaccine
group, and 1 case out of 15,170 in the placebo group, for the mRNA-based vaccine [40]. A
total of 37 blot clots, including 22 pulmonary embolus cases (PE) and 5 deep vein throm-
bosis (DVT), have been reported for the Oxford-AstraZeneca vaccine among 17 million
people in the EU and Britain [43]; see discussion for recent contributions. The number of
clotting events is not greater than what is seen in the general population, with no indication

that there is a causal effect.

3.5. Side Effects of COVID-19 Vaccines Based on Different Adjuvants

The sub-group analysis was assessed to estimate the potential side effects of COVID-19
vaccines based on the different types of administrated adjuvants. Interestingly, in all cases,
potassium aluminum sulfate (alum) had the smallest number of systemic and local side
effects compared to other adjuvants or vaccines without adjuvant, except injection site
redness, of which vaccines without adjuvant had higher rates of site redness (Figure 4). Ac-
cordingly, vaccines with alum adjuvant had lower systemic side effects of fatigue OR 0.392
(95% 0.18-0.82), vomiting 0.325 (95% 0.02-5.30), fever 0.85 (95% 0.51-1.43), myalgia 1.43
(95% 0.25-8.0), diarrhea 0.608 (95% 0.13-2.87), and injection site pain 2.40 (95% 1.51-3.83)
between different adjuvants and vaccines with no adjuvant (Table 5). The vaccine with
no adjuvant was associated with higher redness OR 0.923 (95% 0.23-3.6). Itch OR 13.20
(95% 3.23-53.90) and swelling OR of 3.83 (95% 1.52-9. \é only reported for vaccines

with alum adjuvant. For more detailed 1nform \Jtlc@@% gures S22-530.

Side effects of vaéerﬁ \A&] e\ \f lz%q ‘2()25

W
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Figure 4. Association of adjuvant side effects of different COVID-19 vaccines.
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Table 5. Side effects of COVID-19 vaccines based on different adjuvant types.
. . Odds Ratio (95% Included Heterogeneity
Side Effect Adjuvant Type Phase I Study Test, I-Squared
Alum 2/3 0.392 (0.18-0.82) 7 0
Fatigue Matrix-M1 2/3 3.70 (1.36-10.02) 3 24.81
No adjuvant 2/3 4.43 (2.62-7.49) 6 54.08
Vomitin Alum 2/3 0.325 (0.02-5.30) 1 0
& No adjuvant 2/3 3.46 (1.45-8.26) 7 0
Svstemic E Alum 2/3 0.85 (0.51-1.43) 9 20.78
y ever No adjuvant 2/3 2.96 (1.22-7.17) 2 68.19
Alum 2/3 1.43 (0.25-8.0) 2 0
AS03 2/3 14.331 (3.39-60.56) 3 0
Myalgia CpG/Alum 2/3 2.42 (0.13-44.50) 1 0
Matrix-M1 2/3 1.57 (0.26-9.4) 3 67.96
No adjuvant 2/3 9.66 (3.97-23.47) 8 49.99
Diarrh Alum 2/3 0.608 (0.13-2.87) 3 0
rarrhea No adjuvant 2/3 0.89 (0.40-1.97) 6 50.47
Iniection site pain Alum 2/3 2.40 (1.51-3.83) 22 4455
) P No adjuvant 2/3 25.61 (13.31-49.30) 7 36.60
Local Itch Alum 2/3 13.20 (3.23-53.90) 7 40.58
Swelling Alum 2/3 3.83 (1.52-9.64) 7 37.52
Alum 2/3 7.29 (3.7-14.39) 6 0
Redness No adjuvant 2/3 0.923 (0.23— Sea"\l a\h 0
Alum = aluminum, CpG = cytosine-guanine oligodeoxynucleotide, 6sm%ualeﬁﬁtz@ immunologic adjuvant.
Se 28 "
4. Discussion Deﬁeﬂ ed AU\\J

ey

T\Sq‘@ﬁ'g qé @%cﬁ&&’lon is to protect individuals from infection and transmission.

gg) rgency use authorization for some of the COVID-19 vaccines has been
approved by the Food and Drug Administration in the US and the Department of Health
and Human Services of each country, the vaccines’ efficacy and side effects have not yet
been comprehensively discussed, although popular media and politicians have made many
unsubstantiated claims. Therefore, in the current meta-analysis, we provide systematic
and comprehensive data regarding the vaccines’ safety, efficacy, and immunogenicity
against SARS-CoV-2. Here, we mainly focused on available RCTs publications on the safety,
efficacy, and immunogenicity of COVID-19 vaccines.

The present study was carefully surveyed for the general and specific target antigen
efficacy of each vaccine group. Our analysis showed that variation in the efficacy of
vaccines after the first doses are remarkable in comparison with the efficacies after the
second doses. Therefore, enrollment of the second dose should produce a more reliable
outcome and efficacy compared to a single dose. In total, mRNA-based COVID-19 vaccines
had 94.6% efficacy. The RNA-based vaccine elicited high levels of NAbs after one month of
the first (70%) and second (99.5%) doses. Unfortunately, data for the RNA-based vaccines
against RBD antigen were not available after the first dose. Protection against variants has
been shown with the mRNA-based vaccine against the United Kingdom (B.1.1.7, also called
201/501Y.V1) variant [44,45], but they may be less effective against the variant first detected
in South Africa (B.1.351, known as 20H/501Y.V2) [46]. A week after the second dose of
mRNA-based vaccine, induction of neutralizing antibody titers in the serum sample was 6-
fold lower for participants bearing B.1.351 variant compared to original Wuhan-Hu-1 spike
protein [47]. The B.1.351 variant carries two substitutions within the S-protein, which can
escape three classes of therapeutically relevant antibodies. These data indicate reinfection
with antigenically distinct variants and mitigates the full efficacy of spike-based COVID-19
vaccines [48].
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From our summary analysis, the total efficacy of the adenovirus-vectored COVID-19
vaccines was 80.2%. The highest efficacy after a single dose is reported with the adenovirus-
vectored COVID-19 vaccines, with very low variation and CI against RBD at 3 weeks
(96.7%) and 4 weeks (96.6%) after vaccination compared to placebo controls. Some of the
adenovirus-vectored COVID-19 vaccines, such as Johnson & Johnson, need just one dose,
with the efficacy against RBD being a possible reason. However, based on the rollout
timeline, long-term (more than four weeks) efficacy of adenovirus-vectored COVID-19
vaccines was not reported by any of the RCTs. For the other vaccine types, total efficacy
has not been reported, only the antigen-specific efficacy was reported in these RCTs. The
pro-subunit vaccine had the highest efficacy against spike antigen at 1 month after the first
injection. The efficacy of the VLP vaccines was lower than other COVID-19 vaccines and
reported only against RBD after the first (23.8%) and second dose (78.7%). All reports for
VLP vaccines are from RCT phase I trials, and the lower efficacy of these vaccines may be
the most probable reason.

Any vaccine is expected to cause temporary side effects caused by activation of an
immune response and injection site tissue trauma. Uptake of vaccines is related to perceived
and real adverse side effects, both short-term and long-term. In this study, adjusted pooled
odds ratios between vaccine and placebo groups indicated that RN A-based vaccines had
higher rates of side effects in reactogenicity, including site pain, swelling, redness, fever,
headache, fatigue, induration, vomiting, myalgia, chills, and pruritus (Table 2). No sign of
cough or itch was found in RNA-based vaccines, and lower rates of diarrhea and arthralgia
were observed for this vaccine. By avoiding negativity bias, this might provide strong
evidence of RNA-based vaccines’ effectiveness, by eliciting e\bna)re robust immune response
than other vaccine groups. Additionally, the rate@%@(&f& s adverse side effects such as
anaphylactic shock, an allergic reaction, Was not re e%kable with this vaccine, with only
one case reported in both the yagoiiié é ?8-‘?& ps [40].

In the context é&(&&ﬂ%_cts q)&k\éEn virus-vectored vaccines are associated with
increased dé?é@@fa\ and%irél@dlgﬂﬁn comparison with other vaccines, see Table 2. A recent

firevi Q eta-analysis by Yuan et al. [49] showed no significant difference in
\’\esyst i reﬁ‘i'ons, with only local side effects, including pain, itching, and redness, being
reported [49]. One case of anaphylactic shock was reported for this vaccine [38].

Several pulmonary emboli (PE) and deep vein thrombosis (DVT) cases have been re-
ported as rare events for the Oxford-AstraZeneca vaccine, causing a temporary suspension
of this vaccine’s use in many countries and age-specific rollout in others. However, to
date, the data are too weak and anecdotal to provide clear evidence of cause and effect [50].
Similarly, the Johnson & Johnson vaccine was also temporarily suspended in April 2021
by the FDA, as several people developed rare blood-related problems of thrombosis with
thrombocytopenia syndrome leading to cerebral venous sinus thrombosis (CVST) [51].
A DVT has also been reported shortly after the second dose of an mRNA-based vaccine
as well [52]. Anaphylaxis as an acute allergic reaction has also been reported as a rare
event for some vaccines, such as mRNA COVID-19 vaccines [53] and adenovector vaccines
against COVID-19 [54]. Overall, these severe life-threatening adverse events are occurring
rarely, thus supporting the ongoing rollout of global vaccination programs.

Data are currently emerging on Vaccine-induced Immune Thrombotic Thrombocy-
topenia (VITT) following vaccination with COVID-19 vaccines [55]. VITT presents with
symptoms of thromboembolism and especially signs of thrombocytopenia, cerebral blood
clots, or abdominal or arterial clots, such as easy bruising, bleeding or new and/or severe
headaches, and pain in the abdomen or a painful, cold numb extremity, particularly with
onset 4 to 28 days after immunization. This is due to thrombosis (blood clots) involving the
cerebral venous sinuses, or CVST (large blood vessels in the brain), and other sites in the
body (including but not limited to the large blood vessels of the abdomen and the veins of
the legs) along with thrombocytopenia, or low blood platelet counts. These events are rare,
but to date have been documented for the mRNA vaccines BNT162b2 (Pfizer-BioNTech)
and mRNA-1273 (Moderna) and the adenoviral vector vaccines ChAdOx1 nCoV-19 vaccine
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(Astra Zeneca) and Ad26. COV2-S vaccine (Janssen; Johnson & Johnson). Given the very
recent emergence, our meta study does not include an analysis of VITT.

Co-administration of vaccine with adjuvants is being used in VLP subunit vaccines
and certain inactivated vaccines [55]. Adjuvants have an essential role owning to inducing
specific immune responses, IgG, and NAbs titers. It also considers potential dose-sparing
of CoV vaccine [56]. Multiple adjuvants, such as alum salts, emulsions, and TLR agonists
have been formulated for SARS-CoV, SARS-CoV-2, and MERS-CoV [55]. The potential
side effects of COVID-19 vaccines based on the different types of adjuvants investigated
showed that alum-adjuvanted CoV vaccines had the lowest systemic side effects among
other adjuvants or non-adjuvant in Table 3. The non-adjuvanted vaccines revealed im-
munopathologic reactions including high fatigue, vomiting, fever, myalgia, and diarrhea
and redness, while alum-adjuvanted CoV vaccines showed itch and swelling. Overall, the
metadata obtained in this study demonstrated that the alum-adjuvanted CoV vaccines
had the smallest number of issues compared with other adjuvants and the non-adjuvant
formulations.

The limitations of this study are: 1. The overall effectiveness and antigen-specific
efficacy of some vaccines have not been reported after the first or second dose. 2. Some
trials had considerable bias by not including a sufficient number of samples or a broad
enough geographical, economic, and age diversity. 3. Timing of vaccine trials in relation
to overall prevalence through the COVID-19 pandemic impacts direct comparison. 4. The
IgG and IgM antibodies in serum levels had a wide range of variation across the different
vaccines after the first or second dose, thus, these data were not included in the meta-
analysis. 5. The lack of data on specific categories of pat such as pregnant patients
and lifestyles. 6. All RCTs followed up the vacci am‘d %\%\ ebo groups one month after
both first and second doses, therefore, Gelblo'rts %\;6 related to short-term impacts of
the vaccine. 7. For the preventipn)of-data g | bi e searched various databases and
websites for findin ﬁ@@%ant a gr,h\ﬁ Gblications and a proper test for publication

bias usm ‘(t‘éé’t%onducted. We did not find remarkable publication bias
1,3\@([\5 }?@% regressmn test. However, publication bias and heterogeneity for
Ne%m tjh oled results, as well as all the above limitations, must be considered when

mterpretmg the outcomes.

5. Conclusions

The adenovirus-vectored and mRNA-based vaccines for COVID-19 showed the high-
est efficacy after first and second doses, respectively. The mRNA-based vaccines had higher
side effects. Only a rare few recipients have experienced extreme adverse effects and
all stimulated robust immune responses. All RCTs followed up the vaccine and placebo
groups after one month after both first and second doses, therefore, all reports are related
to short-term impacts. Due to the timeline, all the vaccines are missing longer-term assess-
ments. This meta-analysis allows us to incorporate relevant new evidence for summarizing
and analyzing the clinical features of current vaccines for COVID-19 in phase I, II, and
III RCTs. The results support the overall efficacy and safety of all available COVID-19
vaccines, providing clear data-driven evidence to support the ongoing global public health
effort to vaccinate the entire population.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/vaccines9050467 /s1, Figure S1. Meta-analysis A. Forest plot, B. Funnel plot for the injection
site pain as a side effect of different COVID 19 vaccine in phase 2/3 RCT, Figure S2. Meta-analysis A.
Forest plot, B. Funnel plot for the injection site pain as a side effect of different COVID 19 vaccine
in phase 1/2 RCT, Figure S3. Meta-analysis A. Forest plot, B. Funnel plot for the Swelling as a side
effect of different COVID 19 vaccine in phase 1/2/3 RCT, Figure S4. Meta-analysis A. Forest plot,
B. Funnel plot for the Redness as a side effect of different COVID 19 vaccine in phase 1/2/3 RCT,
Figure S5. Meta-analysis A. Forest plot, B. Funnel plot for the Itch as a side effect of different COVID
19 vaccine in phase 1/2 RCT, Figure S6. Meta-analysis A. Forest plot, B. Funnel plot for the Cough as
a side effect of different COVID 19 vaccine in phase 1/2/3 RCT, Figure S7. Meta-analysis A. Forest


https://www.mdpi.com/article/10.3390/vaccines9050467/s1
https://www.mdpi.com/article/10.3390/vaccines9050467/s1

(72 of 94)
Case: 22-55908, 07/31/2025, ID: 12935203, DktEntry: 103-2, Page 28 of 50

Vaccines 2021, 9, 467 18 of 21

plot, B. Funnel plot for the Fever as a side effect of different COVID 19 vaccine in phase 1/2/3 RCT,
Figure S8. Meta-analysis A. Forest plot, B. Funnel plot for the Headache as a side effect of different
COVID 19 vaccine in phase 1/2 RCT, Figure S9. Meta-analysis A. Forest plot, B. Funnel plot for the
Headache as a side effect of different COVID 19 vaccine in phase 2 RCT, Figure S10. Meta-analysis A.
Forest plot, B. Funnel plot for the Headache as a side effect of different COVID 19 vaccine in phase
3 RCT, Figure S11. Meta-analysis A. Forest plot, B. Funnel plot for the Fatigue as a side effect of
different COVID 19 vaccine in phase 1/2 RCT, Figure S12. Meta-analysis A. Forest plot, B. Funnel
plot for the Fatigue as a side effect of different COVID 19 vaccine in both mRNA-based vaccine,
in RCT 2/3, and 3, Figure 513. Meta-analysis A. Forest plot, B. Funnel plot for the Induration as
a side effect of different COVID 19 vaccine in RCT %, Figure S14. Meta-analysis A. Forest plot, B.
Funnel plot for the Vomiting as a side effect of different COVID 19 vaccine in RCT %, Figure S15.
Meta-analysis A. Forest plot, B. Funnel plot for the Vomiting as a side effect of different COVID 19
vaccine in both mRNA-based vaccine, in RCT 2/3, and 3, Figure S16. Meta-analysis A. Forest plot,
B. Funnel plot for the Diarrhea as a side effect of different COVID 19 vaccine in RCT 3, Figure S17.
Meta-analysis A. Forest plot, B. Funnel plot for the Myalgia as a side effect of different COVID 19
vaccine in RCT %, Figure S18. Meta-analysis A. Forest plot, B. Funnel plot for the Myalgia as a side
effect of different COVID 19 vaccine in RCT 3, Figure S19. Meta-analysis A. Forest plot, B. Funnel plot
for the Arthralgia as a side effect of different COVID 19 vaccine in RCT 2/3, Figure S20. Meta-analysis
A. Forest plot, B. Funnel plot for the Chills as a side effect of different COVID 19 vaccine in RCT 2/3,
Figure S21. Meta-analysis A. Forest plot, B. Funnel plot for the Pruritus as a side effect of different
COVID 19 vaccine in RCT 2/3, Figure S22. Meta-analysis A. Forest plot, B. Funnel plot for the Fatigue
as a side effect based on the adjuvant type in phase 2/3 RCT, Figure S523. Meta-analysis A. Forest
plot, B. Funnel plot for the Diarrhea as a side effect based on the adjuvant type in phase 2/3 RCT,
Figure S24. Meta-analysis A. Forest plot, B. Funnel plot for th n@ction site pain as a side effect
based on the adjuvant type in phase 2/3 RCT, Figure S2 al@halysis A. Forest plot, B. Funnel plot
for the Itch as a side effect based on the adjuva\“@pé'in E}Eg%Z/ 3 RCT, Figure S26. Meta-analysis A.
Forest plot, B. Funnel plot for the @j@gas a si e@ Sed on the adjuvant type in phase 2/3
RCT, Figure S27. Metﬁq?@ﬁﬁ@: Oég;B\g\,\}B tnnel plot for the Swelling as a side effect based
on the adjuvaﬁ@(ffé 1 ase(é)ﬁ\ﬂ , Figure 528. Meta-analysis A. Forest plot, B. Funnel plot for
thﬁ;%@cﬁ&@?s a %&t élsed on the adjuvant type in phase 2/3 RCT, Figure 529. Meta-analysis

2o 1&25’. unnel plot for the Vomiting as a side effect based on the adjuvant type in phase
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Biden announces COVID-19 vaccine mandates that will affect 100 million Americdis

Washington — President Biden announced the most sweeping COVID-19 vaccine
requirements yet on Thursday, which will affect roughly 100 million Americans.
The new measures include a vaccine mandate for all federal workers and
contractors, and a requirement that large companies must mandate vaccines or
regular testing for employees.

"My job as president is to protect all Americans," Mr. Biden said Thursday. "So
tonight, I'm announcing that the Department of Labor is developing an emergency
rule to require all employers with 100 or more employees that together employ
over 80 million workers to ensure their workforces are fully vaccinated or show a
negative test at least once a week."

Mr. Biden noted that many large companies already require vaccinations. "The
bottom line — we're going to protect vaccinated workers from unvaccinated
coworkers," he said.
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The Department of Labor's Occupational Safety and Health Administration is
developing a rule requiring all employers with at least 100 employees to make
sure their workforce is fully vaccinated or require unvaccinated workers to get a
negative test at least once a week. OSHA will issue an Emergency Temporary
Standard to introduce the vaccine requirement. Companies that fail to comply
could face fines of $14,000 per violation, Mr. Biden said.

That was just one of the mandates and changes the president announced in a
speech on boosting vaccinations and battling the COVID-19 pandemic. The
president also announced vaccination requirements for health care providers that
accept Medicare and Medicaid, for all federal employees and contractors and for
the staffs of Head Start programs, Department of Defense Schools and Bureau of
Indian Education-operated schools. Mr. Biden had announced in July the federal
workforce would need to provide evidence that they had been vaccinated or
submit to regular testing and practice social distancing measures in the
workplace.

cana®

Within hours of his speech, the Republican Ngéom@ %o&qm&ttee announced that it
plans to file a lawsuit against tfcl)e %z@%ﬁr\}mgssm‘ﬁgn

ed Z\1%
"Joe Biden told Ameﬁ*&g\l\'\ngsvﬁeﬁ%e %vas elected that he would not impose vaccine
mandates," RNC chairwoman Ronna McDaniel said in a statement Thursday. "He
lied. Now small businesses, workers, and families across the country will pay the
price. Like many Americans, I am pro-vaccine and anti-mandate. Many small
businesses and workers do not have the money or legal resources to fight Biden's
unconstitutional actions and authoritarian decrees, but when his decree goes into
effect, the RNC will sue the administration to protect Americans and their
liberties."
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President Joe Biden pauses as he speaks in the Stat, W Eoom t ?A%Pte House, Thursday, Sept. 9, 2021, in
Washington. om De€ \'\l\\Jed S\'\\Kye
ANDREW HARNIK / AP ‘(\F(eed 6908 a‘c
\,\ea\\ 22.5

The new mandates are part of a six-pronged White House strategy to battle the
COVID-19 Delta variant and boost vaccinations as cases, hospitalizations and
deaths continue to climb. The six pillars are: vaccinating the unvaccinated;
furthering protection for the unvaccinated; keeping schools safely open;
increasing testing and requiring masking; protecting economic recovery; and
improving care for those with COVID-19.

The president started out his speech by saying he knows many are frustrated with
the 25% of adults in the U.S. who have yet to get a single COVID-19 shot. That 25%
"can do a lot of damage," he said. He made an appeal directly to unvaccinated
Americans.

"What more is there to wait for? What more do you need to see?" he said. "We've
made vaccinations free, safe and convenient. The vaccine has FDA approval. Over
200 million Americans have gotten at least one shot. We've been patient. But our
patience is wearing thin. And your refusal has cost all of us. So please, do the right
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thing."

White House press secretary Jen Psaki said earlier Thursday there will be limited
disability and religious exceptions to the federal employee vaccine requirement.
Those who are not exempt and do not comply will be subject to disciplinary
action, including possible termination, she said.

"There are limited exceptions, but yeah, the expectation is that if you want to
work in the federal government or be a contractor, you need to be vaccinated,
unless you are eligible for one of the exemptions," Psaki told reporters.

The American Federation of Government Employees, the largest federal employee
union, is taking issue with the mandatory vaccine requirement, even though it has
encouraged workers to get vaccinated. AFGE president Everett Kelley said that
"changes like this should be negotiated with our bargaining units where
appropriate," and he said the union expects to bargain over this rule before it's
implemented.

Still, Psaki said the president "has every intention of signing this executive order,
getting the clock running on the timeline for these requirements, and his view and
our view is this will serve as a model to the rest of the country on the need to get
more people vaccinated in order to save more lives."
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The president also announced measures to ensure kids are adequately protected
in classrooms, as he aims to make more testing available. He's also urging states to
require vaccinations for all school teachers and staffs.

Mr. Biden also said he's using the Defense Production Act to ramp up the
production of rapid COVID-19 tests, and at-home rapid tests will be available at
major pharmacies over the next several months at cost.

CBS News has learned the president will raise the issue of COVID vaccination
effort on a global scale with other world leaders when they meet at the United
Nations General Assembly later this month. A senior administration official told
CBS News that while they are "still planning the president's schedule around UN
General Assembly High Level week, it is safe to assume we are actively looking at
COVID-19 and public-health centered options."

The official stopped short of calling it a summit, but added that the administration

anticipates "that there will be an opportunity for the presid%‘(to engage with his
.. . Cal

counterparts on this issue during UNGA week." dO“q,topl%ﬁgpected to be

discussed among Mr. Biden and his g@ﬂ&@%ﬁ&%@&%&mg to a second

administration official wi % g@@sﬁ%g%\(aﬁ&iﬁg and improving international

cooperation on r&&eﬁ%gn@'ﬁ@@aopment on the COVID-19 front.

According to the Centers for Disease Control and Prevention, 75.2% of American
adults have at least one COVID-19 vaccine shot. But community transmission
across most of the country remains high, as the Delta variant makes up nearly all
of the country's cases. Nearly 650,000 people have died in the U.S. from COVID-19
since the beginning of the pandemic last year.

Here are the major measures announced Thursday:

6:17 PM / SEPTEMBER 9, 2021

How many people are affected?

The new vaccine mandates the president announced Thursday will affect roughly
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100 million Americans, although many of that group are already vaccinated. The
White House estimates there are roughly 80 million people working at companies
with at least 100 employees. The White House also estimates the mandate will
affect more than 17 million health care workers, as well as federal employees, and
teachers and staff at specific Head Start programs and Department of Defense
schools.

"This is a pandemic of the unvaccinated, and it's caused by the fact that despite
America having unprecedented and a successful vaccination program, despite the
fact that for almost five months, free vaccines have been available in 80,000
different locations, we still have nearly 80 million Americans who have failed to
get the shot," the president said, making his case for the need for more aggressive
action.

BY KATHRYN WATSON f X 6 %
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Companies with N‘Aé or- iﬁ%re employees will have to require
shots or testing

The Department of Labor's Occupational Safety and Health Administration, better
known as OSHA, is developing an emergency rule requiring employers with at
least 100 employees to require all employees to be vaccinated or get tested at least
once a week. Failure to comply with the yet-to-be-released rule could result in a
$14,000 fine.

The announcement marks the most authoritative step involving private businesses
the administration has taken yet to curb the pandemic, and it's one that's sure to
be challenged in court.

"The bottom line — we're going to protect vaccinated workers from unvaccinated
coworkers,." he said.

BY KATHRYN WATSON f X 6 %
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6:18 PM / SEPTEMBER 9, 2021

Federal employees must be vaccinated

Mr. Biden issued an executive order on Thursday requiring all federal employees
be vaccinated, with no option to undergo tests. "If you want to work for the federal
government, get vaccinated," Mr. Biden said. "If you want to do business with the
federal government, get vaccinated."

Mr. Biden also issued an executive order on Thursday requiring all contractors
who do business with the government be vaccinated.

The executive orders both refer to the national emergency declared on January 31,
2020 and the National Emergency Concerning the Coronavirus Disease 2019
(COVID-19) declared pursuant to the National Emergencies Act\\(i\la Proclamation
9994 of March 13, 2020, both of which remain in effect. cane

und: o 2025
"The health and safety of the Fegeﬁgﬁwﬁrﬁ\gog&ex\éhgéhe health and safety of
members of the publ'\%\v‘:ith@ﬂégggh@?ﬁteract, are foundational to the efficiency
of the civil servic&egotﬂ@xggﬁtive orders say. "I have determined that ensuring
the health and safety of the Federal workforce and the efficiency of the civil
service requires immediate action to protect the Federal workforce and
individuals interacting with the Federal workforce. It is essential that Federal
employees take all available steps to protect themselves and avoid spreading
COVID-19 to their co-workers and members of the public. The CDC has found that
the best way to do so is to be vaccinated."

BY CAROLINE LINTON f X 6 %

6:18 PM / SEPTEMBER 9, 2021

Workers at health care facilities accepting federal funds will
need to be vaccinated
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The Centers for Medicare and Medicaid Services will require vaccinations for
workers in most health care settings that receive Medicare or Medicaid
reimbursement. That covers hospitals, home health agencies and many other
types of health care facilities, and roughly 17 million workers.

"If you're seeking care at a health facility, you should be able to know that the
people treating you are vaccinated," he said.

BY KATHRYN WATSON f X 6 %

6:19 PM / SEPTEMBER 9, 2021

Air travelers refusing to wear masks could face up to $3,000
fines

no
Air travelers who refuse to wear masks could be ﬁneduﬁ;t&i$%\,000, starting

Friday. . unds \“;8 Q2°
pefe™™ ed JuWY
The Transportation S%gmiqeﬁa%gis@ﬁ%n (TSA) announced Thursday it will

double fines for tﬁ@sae} who. ﬂgﬁ? federal mask mandates for air travel.

First-time offenders will be fined $500 to $1,000, while repeat offenders will be
forced to shell out $1,000 to $3,000.

BY NICOLE SGANGA f X 6 %

6:18 PM / SEPTEMBER 9, 2021

Biden acknowledges "confusion" on booster shots

Several weeks after the Biden administration announced a plan to roll out booster
shots, Mr. Biden acknowledged Thursday there is "confusion" around whether or
when Americans should get them. Mr. Biden said that while the administration
stands ready, the decision of which shots to give, to whom, and when "will be left
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completely to the scientists."
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The WHITE HOUSE

FACT SHEETS

Fact Sheet: President Donald J. Trump Reinstates Service

Members Discharged for Refusing the COVID Vaccine

The White House

January 27,2025

REINSTATING THE UNJUSTLY DISCHARGED: Today, President Donald J. Trump signed
an Executive Order to reinstate service members who were dismissed for refusing the
COVID vaccine, with full back pay and benefits.

» The Executive Order directs the Secretary of Defense to reinstate all members of
the military (active and reserve) who were discharged for refwg the COVID

vaccine and who request to be reinstated. CaN
Those who are reinstated Wé rﬁgeﬁé‘ﬂl\)\@f@ﬁn‘%r rank and full back pay with
benefits. eedom Dg arcniVe

CORRECTING AN IN—.\U@W&E Qﬁséﬁe of the scientific evidence, the Biden Administration

discharged healthy service members—many of whom had natural immunity and

dedicated their entire lives to serving our country—for refusing the COVID vaccine.

Government redress of these wrongful dismissals is overdue.

e From 2021to 2023, the Biden Administration and former Secretary of Defense
Lloyd Austin discharged over 8,000 troops solely due to their COVID-19 vaccination
status.

Such dismissals likely had a chilling effect on recruitment, with the
Department of Defense missing its collective recruiting targets by around

41,000 recruits in FY2023.

After the vaccine mandate was repealed in 2023, only 43 of the more than the
8,000 troops dismissed elected to return to service under the Biden
Administration and Secretary Austin.
CHARTING A NEW COURSE FORWARD: In 2024, President Trump declared that “there
should have never been a [COVID vaccine] mandate. That should have never happened.”
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Wsi%ntﬂumg W%Dt on to lament that, due to the mandate, “we’ve lost some of

our best people in the military too.”

President Trump duly promised in 2024 that he “will rehire every patriot who was

fired from the military with...backpay. They will get their backpay..”
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California Becomes
First State in Nation
to Announce COVID-19
Vaccine Requirements
for Schools

After implementing first-in-the-nation school masking and staff
vaccination measures, California becomes the first state to announce
plans to require student vaccinations - adding the COVID-19 vaccine to

list of vaccinations required for school, such as the vaccines for meas(/\e'_’%\ho
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mumps, and rubella

SAN FRANCISCO - At a school in San Francisco, Governor Newsom
announced plans to add the COVID-19 vaccine to the list of
vaccinations required to attend school in-person when the vaccine
receives full approval from the Food and Drug Administration (FDA)
for middle and high school grades, making California the first state
in the nation to announce such a measure. Following the other first-
in-the-nation school masking and staff vaccination measures,
Governor Newsom announced the COVID-19 vaccine will be required
for in-person school attendance—just like vaccines for measles,
mumps, rubella and more.

“The state already requires that students are vaccinated against
viruses that cause measles, mumps, and rubella - there’s no reason
why we wouldn’t do the same for COVID-19. Today's measure, just
like our first-in-the-nation school masking and staff vaccination
requirements, is about protecting our children and school staff, and
keepina them in the classroom.” said Governor Newsom. “Vaccines
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work. It's why California leads the country in preventing school
closures and has the lowest case rates. We encourage other states
to follow our lead to keep our kids safe and prevent the spread of
COVID-19.”

Thanks to the state’s bold public health measures, California
continues to maintain the lowest case rate in the entire

country and is one of only two states to have advanced out of the
CDC’s ‘high’ COVID transmission category. More information
about the announcement can be found here.

The vast majority of school districts have reported that over 95% of
students have returned to in-person instruction this school year, as
can be seen on the state’s Student Supports & In-Person
Dashboard. Thanks to unprecedented resources and public health
measures (measures shown to be highly effective), California

is leading national trends in preventing school closures and
keeping kids in classrooms, accounting for only 14 out of over ,g‘l)\pa\‘(\o
school closures nationwide, or roughly 0.7% - despit Nw:fzﬂ:t%»zg
California educates an estimated 12% of %Eg\get‘?o\hﬂaé‘syb’ﬂgsghool
students. If California’s rateﬁgé@eﬁé%% )é/@'dﬂ'\'h'ﬁ?onal trends, the
state would have sevq@a\&%éq%gﬁa‘ég school closures.

In order to further protect students and staff and continue
supporting a safe return to in-person instruction for all students, the
Governor directed the California Department of Public Health
(CDPH) to follow the procedures established by the Legislature to
add the COVID-19 vaccine to other vaccinations required for in-
person school attendance—such as measles, mumps, and rubella—
pursuant to the Health and Safety Code. COVID-19 vaccine
requirements will be phased-in by grade span, which will also
promote smoother implementation.

Upon full FDA approval of age groups within a grade span, CDPH will
consider the recommendations of the Advisory Committee on
Immunization Practices of the United States Department of Health
and Human Services, the American Academy of Pediatrics, and the
American Academy of Family Physicians prior to implementing a
requirement. Following existing statute, full approval of ages 12+
corresponds to grades 7-12, and full approval of ages 5-11
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corresponds to grades K-6. Students who are under the age of full
approval, but within the grade span, will be required to be
vaccinated once they reach the age of full approval (with a
reasonable period of time to receive both doses), consistent with
existing procedures for other vaccines. The requirement will take
effect at the start of the term following full approval of that grade
span, to be defined as January 1st or July 1st, whichever comes first.
Based on current information, the requirement is expected to apply
to grades 7-12 starting on July 1, 2022. However, local health
jurisdictions and local education agencies are encouraged to
implement requirements ahead of a statewide requirement based
on their local circumstances.

Governor Newsom'’s historic $123.9 billion Pre-K and K-12

education package is providing an unprecedented level of school

and student funding to transform the state’s public schools into
gateways of equity and opportunity, supporting the potential of

every California student by: achieving universal transitional a(\,a\‘(\o
kindergarten for four-year-olds by 2025, expandingnaf‘t\amecﬁbﬁ ilgjj
summer programs, providing universal g{%q\gmg& rhqmtfb%’,

increasing the number of w Il-gmﬁ}gjgstgfé‘@é‘regupil, creating full-

(S

service communit \’S\% 0] ?t e mental and social-
. Y RO N 2

emotional well-being of students, and more.
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Benefits of Getting Vaccinated

©

For Everyone
JUNE T, 2025 -

WHAT TO KNOW

e Getting vaccinated against COVID-19 has many benefits that are supported by scientific
studies.

e The COVID-19 vaccine helps protect you from severe illness, hospitalization, and death.

e CDC recommends an updated COVID-19 vaccine for most adults ages 18 years and
older.

e Parents of children ages 6 months to 17 years should discuss the benefits of vaccination
with a healthcare provider.

cona™®
. -
COVID-19 vaccines protect your health cund. \Y\G% 7022

)
COVID-19 continues to cause millions of illnesses, hundreds of thousand@fé‘@ﬂ%@ons dd j@\)\it%usands of deaths each year in the

United States. [1][2] It was the 10th leading cause of death in 2 @@’(\ \'\
FLe 8.2
COVID-19 vaccines can help keep you fro\qg%\ﬁm fromi@Z 05@9Q>u do get COVID-19, vaccines can make the illness shorter 4] [5] and

less severe.

Stay up to date

Learn about the latest recommendations for the updated COVID-19 vaccine.

Stay Up to Date with COVID-19 Vaccines ’

The data below describe how well vaccines work to reduce your risk. This risk reduction is in addition to protection you may have from previous
infections with COVID-19 or from receiving earlier versions of COVID-19 vaccines.

COVID-19 vaccines:

Reduce your risk for critical illness (admission to intensive care unit or death)

o For adults ages 18 and older, the 2023-2024 COVID-19 vaccines reduced the risk of critical illness from COVID-19 by almost 70% in the
first 2 months after vaccination. Protection decreased over time. During the 10 months after vaccination, the vaccines reduced critical illness
risk by about 50%. 6]

Reduce your risk of being hospitalized

o For adults ages 18 and older, the 2023-2024 COVID-19 vaccines reduced the risk of COVID-19 hospitalization by about 50% in the first 2
months after vaccination. Protection decreased over time. During the 10 months after vaccination, the vaccines reduced hospitalization risk
by about 30%.@@

Reduce your risk of getting sick and needing to go to urgent care or the emergency department

o For adults ages 18 and older, the 2023-2024 COVID-19 vaccines reduced the risk of COVID-19 urgent care and emergency department

visits by about 50% in the first 2 months after vaccination. Protection decreased over time, with little protection remaining at 4-6 months. (6]

7

Reduce your risk for Long COVID

https://www.cdc.gov/covid/vacciii®/twhdus. html
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o Studies show that people who got vaccinated against COVID-19 and later get COVID-19 are less likely to have Long COVID, compared to
people who are unvaccinated or not up to date with their COVID-19 vaccines. 8] [9]

Important for people at higher risk from COVID-19

¢ If you are 65 years or older

o The 2023-2024 COVID-19 vaccines reduced the risk of critical illness (admission to intensive care unit or death) among older adults by

about 67% in the first 2 months after vaccination. During the 4-6 months after vaccination, the vaccines reduced critical illness risk by about
40%. 6]

o The 2023-2024 COVID-19 vaccines reduced the risk of COVID-19 hospitalization among older adults by about 50% in the first 2 months
after vaccination. Protection from vaccination wanes by 4—6 months after vaccination. [6] [71Because adults ages 65 years and older have a

higher risk for severe COVID-19, they are recommended to receive a second dose of COVID-19 vaccine 6 months after their first dose.

¢ If you have a weakened immune system

o The 2023-2024 COVID-19 vaccines reduced the risk of COVID-19 hospitalization for people with a weakened immune system by about
36% in the first 2 months after vaccination. Protection from vaccination wanes by 4-6 months after vaccination. 6] [10] Because people with a

weakened immune system have a higher risk for severe COVID-19, they are recommended to receive a second dose of COVID-19 vaccine 6
months after their first dose.

¢ If you are pregnant

o Getting a COVID-19 vaccine while you are pregnant helps protect you. It also helps protect your baby from severe health outcomes due to
COVID-19 before they become eligible for COVID-19 vaccination when they are 6 months old.[11]

o COVID-19-associated hospitalization rates among infants younger than 6 months remain higher than rates among any other age group
except adults ages 75 years and older.[12]

o Maternal vaccination during pregnancy reduced the risk of COVID-19-related hospitalization by around 54% among i%aam@ng the first 3
months of life.[11] Ga(

Children eﬁeﬂse
The 2023-2024 COVID-19 vaccines reduced the risk o&%@@ﬂssoaaﬁ%e@fg\y room and urgent care visits by

e Around 65% in children ages 9 month\’éoa%ars&e? ﬁ@2m nths after vaccination. Protection decreased over time. [6]

e About 70% in children ages 5-17 years in the first 2 months after vaccination. Protection decreased over time. At 4-6 months after vaccination,

the vaccines reduced risk by about 50%. 6]

KEEP READING
6 Things to Know about COVID-19 Vaccination for Children

Vaccination is more reliable way to build protection than getting sick

COVID-19 vaccination helps protect people by creating an immune response without the potentially severe illness that can be associated with
COVID-19 infection.

What Can Happen If You Get Sick with COVID-19

e COVID-19 can cause severe illness or death, even in children, but it is not always possible to determine who will experience mild or severe
illness from COVID-19 infection.

e People may have long-term health issues after having COVID-19. Even people who do not have symptoms when they are first infected with
COVID-19 can experience long-term health problems, also known as Long COVID or post-COVID conditions.

e Complications can appear after mild or severe COVID-19, or after multisystem inflammatory syndrome in children (MIS-C).

Protection from having had COVID-19

Keep in mind n

While people can get some protection from having COVID-19, the level and length of that protection varies, especially as COVID-19
variants continue to emerge.

2 0f3 7/28/2025, 2:00 PM
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e Immunity (protection) from infection can vary depending on how mild or severe someone's illness was, their age, and whether they have a
weakened immune system. Immunity also changes depending on what variant of SARS-CoV-2 someone had and how similar it is to the
variants currently circulating.

¢ Immunity from infection decreases over time.

R

A closer look at the safety data

During the COVID-19 pandemic, COVID-19 vaccines underwent the most intensive safety analysis in U.S. history. COVID-19 vaccines
continue to be monitored for safety, even after FDA approval, to make sure they continue to meet FDA's standards for safety and
effectiveness.

To date, the systems in place to monitor the safety of COVID-19 vaccines currently used in the United States have identified anaphylaxis
and myocarditis or pericarditis as serious types of adverse events following COVID-19 vaccination. Other rare events, such as Guillain-Barré
syndrome (GBS), are also monitored for and studied.

‘ Read more about COVID-19 vaccine safety

After vaccination

Learn what you can do after vaccination to protect your family from COVID-19 in CDC's respiratory virus guidance.
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