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Abstract

Background

AU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:NVX-CoV2373 is a recombinant severe acute respiratory coronavirus 2 (rSARS-CoV-2)

nanoparticle vaccine composed of trimeric full-length SARS-CoV-2 spike glycoproteins and

Matrix-M1 adjuvant.

Methods and findings

The phase 2 component of our randomized, placebo-controlled, phase 1 to 2 trial was

designed to identify which dosing regimen of NVX-CoV2373 should move forward into late-

phase studies and was based on immunogenicity and safety data through Day 35 (14 days

after the second dose). The trial was conducted at 9 sites in Australia and 8 sites in the

United States. Participants in 2 age groups (aged 18 to 59 and 60 to 84 years) were ran-

domly assigned to receive either 1 or 2 intramuscular doses of 5-μg or 25-μg NVX-CoV2373

or placebo, 21 days apart. Primary endpoints were immunoglobulin G (IgG) anti-spike pro-

tein response, 7-day solicited reactogenicity, and unsolicited adverse events. A key second-

ary endpoint was wild-type virus neutralizing antibody response. After enrollment, 1,288

participants were randomly assigned to 1 of 4 vaccine groups or placebo, with 1,283 partici-

pants administered at least 1 study treatment. Of these, 45% were older participants 60 to

84 years. Reactogenicity was predominantly mild to moderate in severity and of short dura-

tion (median <3 days) after first and second vaccination with NVX-CoV2373, with higher fre-

quencies and intensity after second vaccination and with the higher dose. Reactogenicity

occurred less frequently and was of lower intensity in older participants. Both 2-dose regi-

mens of 5-μg and 25-μg NVX-CoV2373 induced robust immune responses in younger and

older participants. For the 2-dose regimen of 5 μg, geometric mean titers (GMTs) for IgG

anti-spike protein were 65,019 (95% confidence interval (CI) 55,485 to 76,192) and 28,137

(95% CI 21,617 to 36,623) EU/mL and for wild-type virus neutralizing antibody (with an
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inhibitory concentration of 50%—MN50%) were 2,201 (95% CI 1,343 to 3,608) and 981 (95%

CI 560 to 1,717) titers for younger and older participants, respectively, with seroconversion

rates of 100% in both age groups. Neutralizing antibody responses exceeded those seen in

a panel of convalescent sera for both age groups. Study limitations include the relatively

short duration of safety follow-up to date and current lack of immune persistence data

beyond the primary vaccination regimen time point assessments, but these data will accu-

mulate over time.

Conclusions

The study confirmed the phase 1 findings that the 2-dose regimen of 5-μg NVX-CoV2373 is

highly immunogenic and well tolerated in younger adults. In addition, in older adults, the 2-

dose regimen of 5 μg was also well tolerated and showed sufficient immunogenicity to sup-

port its use in late-phase efficacy studies.

Trial registration

ClinicalTrials.gov NCT04368988.

Author summary

Whywas this study done?

• This study was designed to identify which dosing regimen of NVX-CoV2373 (1 or 2

doses of either 5 μg or 25 μg) was immunogenic and associated with a safety and tolera-

bility profile that was acceptable to move forward into late-phase efficacy studies.

What did the researchers do and find?

• Participants (n = 1,288) in 2 age groups (aged 18 to 59 and 60 to 84 years) were ran-

domly assigned to receive either 1 or 2 intramuscular doses of 5-μg or 25-μg NVX-

CoV2373 or placebo.

• Reactogenicity was predominantly mild to moderate in severity and of short duration

(median<3 days) after first and second vaccination with NVX-CoV2373, with higher

frequencies and intensity after second vaccination and with the higher dose. Reactogeni-

city occurred less frequently and was of lower intensity in older participants.

• The 2-dose regimen of 5-μg NVX-CoV2373 was found to be immunogenic and well tol-

erated in both younger and older adults.

What do these findings mean?

• These findings support the use of the lower-dose regimen in late-phase efficacy studies.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic caused by the severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) has continued to spread rapidly throughout the

world, with over 174 million confirmed cases and over 3.7 million deaths globally as of June

11, 2021 [1]. Mutated SARS-CoV-2 variants with enhanced transmissibility emerged and

established themselves as clinically dominant in the United Kingdom and South Africa in late

2020 and have been spreading globally. Therefore, there is a growing health and economic

need for safe and efficacious vaccines to help prevent the spread of SARS-CoV2 and its variants

throughout the world.

NVX-CoV2373 contains Matrix-M1 adjuvant [2] and a recombinant SARS-CoV-2

(rSARS-CoV-2) [3] protein, constructed from the full-length (i.e., including the transmem-

brane domain), wild-type SARS-CoV-2 spike glycoprotein. Viral attachment to the human

angiotensin-converting enzyme 2 (hACE2) receptor of host cells is mediated by SARS-CoV2

spike protein and serves as a target for development of antibodies and vaccines [4,5]. Targeting

the SARS-CoV-2 spike protein has been shown to be highly effective in preventing COVID-19

in clinical trials, which has formed the basis for emergency use of several vaccine candidates

[6,7].

The phase 1 component of the phase 1 to 2 trial showed that 2-dose regimens of 5-μg and

25-μg rSARS-CoV-2 with 50-μg Matrix-M1 adjuvant (mixed prior to use) in participants 18 to

59 years were well tolerated and immunogenic as seen by increases in immunoglobulin G

(IgG) anti-spike antibodies and neutralizing antibodies with an inhibitory concentration of

>99% (MN>99%), which exceed levels seen in a panel of COVID-19 convalescent serum sam-

ples [3]. Importantly, the Matrix-M1 adjuvant was dose sparing and induced CD4+ effector

memory T-cell responses that were biased toward a Th1 phenotype, which may play a role in

reducing the theoretical possibility of antibody-dependent enhancement (ADE) of SARS-

CoV-2 infection [8].

Here, we report on the phase 2 safety and immunogenicity, evaluating 1- or 2-dose regi-

mens for 2 antigen dose levels. This descriptive study was designed to generate data supporting

selection of a preferred dose regimen in both younger and older adults for evaluation in clini-

cal endpoint studies. The phase 2 study does not include any participants from the phase 1

component of the study.

Methods

Trial design and oversight

Our phase 2 trial was conducted at 9 sites in Australia and 8 sites in the United States. Eligible

participants were men and nonpregnant women 18 to 84 years of age with a body mass index

(the weight in kilograms divided by the square of the height in meters) of 17 to 35. Participants

with a range of underlying medical conditions could be enrolled if the conditions were judged

clinically to be stable, and, therefore, the study population was inclusive of potentially more

comorbid conditions than would normally be enrolled in a phase 2 study to allow a more gen-

eralizable population to be enrolled for expected priority population groups for vaccination.

Details of the trial design, eligibility criteria, conduct, oversight, and analyses are provided in

the protocol and statistical analysis plan (included in the SupportingAU : PleasenotethatPLOSdoesnotusethetermSupplementarymaterial; Supplement; etc:Hence; allinstancesof Supplementarymaterials; Supplementalmaterial; etc:havebeenchangedtoSupportinginformationorSupportingmethodsorSupportingappendixasappropriatethroughoutthetext:information). All partici-

pants provided written informed consent prior to trial enrollment.

Up to 750 participants were planned to be randomized in each country (150 participants

per treatment group) to decrease the risk that study recruitment or implementation in either

country might be difficult due to outbreak restrictions or vaccine and sample transportation
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challenges. Eligible participants were randomly assigned (1:1:1:1:1) in a blinded manner to 1 of

4 vaccine groups (Groups B, C, D, and E) or placebo (Group A) according to pregenerated

randomization schedules and were stratified by age (ages 18 to 59 and 60 to 84 years) and

study site (Fig 1). As a safety measure, enrollment of older participants was initially limited to

approximately 50 participants in each of the 4 vaccine and placebo groups until reactogenicity

was observed for 5 days after which safety monitoring committee review confirmed further

enrollment could continue.

Each participant received 2 intramuscular injections of 5-μg (low-dose) or 25-μg (high-

dose) NVX-CoV2373 and/or 0.9% sodium chloride placebo in a 1-dose (5 μg or 25 μg followed

by placebo) or 2-dose (5 μg followed by 5 μg or 25 μg followed by 25 μg) regimen, 21 days

apart. Both dose regimens included 50 μg of the Matrix-M1 adjuvant. Participants and trial

site personnel managing the conduct of the trial remained blinded to vaccine assignment. Vac-

cination pause rules were in place to monitor participants’ safety (see Supporting appendix).

The trial was designed by NovavaxAU : PerPLOSstyle; donotuseInc:incompanynamesexceptasappropriateintheaffiliations:Therefore; Inc:hasbeenremovedfromNovavaxthroughoutthetext:Pleaseconfirmthatthischangeisvalid:(Gaithersburg, Maryland, USA), with funding support

from the Coalition for Epidemic Preparedness Innovations. The trial protocol was approved

by the Alfred Hospital Human Research Ethics Committee (Melbourne, Australia) and

Advarra Central Institutional Review Board (Columbia, Maryland, USA) and was performed

in accordance with the International Conference on Harmonisation, Good Clinical Practice

guidelines; ClinicalTrials.gov number: NCT04368988. Safety oversight for the older adult lead-

in enrollment cohort and specific vaccination pause rules were supported by an independent

safety monitoring committee. The authors assume responsibility for the accuracy and com-

pleteness of the data and analyses, as well as for the fidelity of the trial.

Enrollment

Allocation (n=1283)

Follow-Up – Study Discontinuations Until December 15, 2020

Analysis Through Day 35

Assessed for eligibility (n=1622)

Randomized (n=1288)

Excluded (n=323)

• Not meeting inclusion/exclusion criteria (n=296)

• Enrollment closed prior to randomization (n=20)

• Other reasons (n=7)

• Received allocated intervention Dose 1 (n=255)

• Did not receive Dose 1 (withdrawal by 

   participant) (n=2)

• Received allocated intervention Dose 2 (n=250)

• Did not receive Dose 2 (adverse event, unrelated

   to vaccine n=1, withdrew consent, other than 

   AE n=1, late confirmation ineligibility n=1)

• Received allocated intervention Dose 1 (n=257)

• Did not receive Dose 1 (late confirmation 

 ineligibility) (n=1)

• Received allocated intervention Dose 2 (n=256)

• Did not receive Dose 2 (delayed vaccination

   criteria met, eg, illness n=2, lost to follow-up n=1)

Study Discontinuation (n=5)

• Adverse event, unrelated to vaccine (n=2)

• Withdrew consent, other than AE (n=2)

• Lost to follow-up (n=1)

Study Discontinuation (n=8)

• Withdrew consent, other than AE (n=2)

• Lost to follow-up (n=6)

Study Discontinuation (n=3)

• Adverse event, unrelated to vaccine (n=1)

• Withdrew consent, other than AE (n=1)

• Lost to follow-up (n=1)

Study Discontinuation (n=9)

• Adverse event, related to vaccine (n=1), 

   unrelated to vaccine (n=3)

• Withdrew consent, other than AE (n=3)

• Lost to follow-up (n=2)

Study Discontinuation (n=6)

• Withdrew consent, other than AE (n=3)

• Physician decision (n=1)

• Lost to follow-up (n=2)

Analyzed for immunogenicity (n=249)

• Excluded from Dose 1 analysis (n=4)

• Excluded from Dose 2 analysis (n=7)

Analyzed for safety (n=255)

• Excluded from safety analyses (n=0)

Analyzed for immunogenicity (n=254)

• Excluded from Dose 1 analysis (n=3)

• Excluded from Dose 2 analysis (n=13)

Analyzed for safety (n=257)

• Excluded from safety analyses (n=0)

Analyzed for immunogenicity (n=257)

• Excluded from Dose 1 analysis (n=4)

• Excluded from Dose 2 analysis (n=11)

Analyzed for safety (n=257)

• Excluded from safety analyses (n=0)

Analyzed for immunogenicity (n=255)

• Excluded from Dose 1 analysis (n=6)

• Excluded from Dose 2 analysis (n=13)

Analyzed for safety (n=258)

• Excluded from safety analyses (n=0)

Analyzed for immunogenicity (n=256)

• Excluded from Dose 1 analysis (n=9)

• Excluded from Dose 2 analysis (n=13)

Analyzed for safety (n=256)

• Excluded from safety analyses (n=0)

Allocated to Group A: (n=257) Allocated to Group B: (n=258)

• Received allocated intervention Dose 1 (n=257)

• Received allocated intervention Dose 2 (n=256)

• Did not receive Dose 2 (adverse event, unrelated

    to vaccine n=2, withdrew consent, other than 

   AE n=2)

Allocated to Group C: (n=257)

• Received allocated intervention Dose 1 (n=258)

• Received allocated intervention Dose 2 (n=256)

• Did not receive Dose 2 (adverse event, unrelated

   to vaccine n=3, withdrew consent, other than 

   AE n=2, lost to follow-up n=1, delayed vaccination

   criteria met, eg, illness n=1)

Allocated to Group D: (n=258)

• Received allocated intervention Dose 1 (n=256)

• Did not receive Dose 1 (withdrawal by participant,

   n=1, late confirmation ineligibilty, n=1)

• Received allocated intervention Dose 2 (n=256)

• Did not receive Dose 2 (withdrew consent, other 

   than AE n=3, adverse event, unrelated to vaccine 

   n=2, lost to follow-up n=1, delayed vaccination 

   criteria met, eg, illness n=1, participant non-

   compliance n=1, other n=1)

Allocated to Group E: (n=258)

Fig 1. CONSORT flow diagram.Notes: StudyAU : PerPLOSstyle; subjectsshouldnotbeusedforhumans:PleasechangesubjecttoparticipantinFig1; specificallyinwithdrawalbysubject; andprovideanewFig1file:treatments Dose 1 / Dose 2: Group A: placebo / placebo; Group B: 5-μg SARS-CoV-2 rS + M1 / 5-μg SARS-CoV-2 rS
+M1; Group C: 5-μg SARS-CoV-2 rS + M1 / placebo; Group D: 25-μg SARS-CoV-2 rS +M1 / 25-μg SARS-CoV-2 rS +M1; Group E: 25-μg SARS-CoV-2 rS +M1 /
placebo (M1 = 50-μg Matrix M1 adjuvant). Details of the analysis sets are included in the Supporting methods section.

https://doi.org/10.1371/journal.pmed.1003769.g001
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Trial procedures: Safety assessments

Reactogenicity was self-reported by participants using an electronic smartphone-based diary

with daily electronic prompts for completion each evening, starting on the day of vaccination

(Day 0) and for 6 subsequent days (for a total of 7 days). Predefined solicited local (injection

site) reactogenicity included pain, tenderness, erythema, and swelling; systemic reactogenicity

included fever, nausea or vomiting, headache, fatigue, malaise, myalgia, and arthralgia. Reacto-

genicity severity was graded according to the Food and Drug Administration (FDA) toxicity

grading scale with minor modifications (Table A in S1 Text) [9]. Unsolicited adverse events

(AEs) were assessed at each study visit and coded by preferred term and system organ class

according to theMedical Dictionary for Regulatory Activities (MedDRA), version 23.0, and

summarized by trial vaccine, clinical severity (mild, moderate, and severe), and causality (not

related and related). Definitions for AEs of special interest relevant to COVID-19 [10,11]

(Table B in S1 Text) and potential immune-mediated medical conditions (PIMMCs) (Table C

in S1 Text) are included in the Supporting information.

Immunogenicity assessments

An enzyme-linked immunosorbent assay (ELISA) (Novavax, Gaithersburg, Maryland, USA)

was used to measure IgG anti-spike protein levels specific for rSARS-CoV-2 protein antigens

from all participants with evaluable samples at Days 0 (baseline), 21, and 35, with seropositivity

defined as a titer above the lower limit of quantification (LLOQ; 200 ELISA units per millili-

ter). A microneutralization (MN) assay (360biolabs, Melbourne, Australia) with an inhibitory

concentration of 50% (MN50%) was used to measure neutralizing antibodies specific to wild-

type virus SARS-CoV-2 at the same time points from a nonrandomized subgroup of approxi-

mately 250 participants (25 participants per treatment group per age group) with seropositivity

defined as titer above the LLOQ (titer of 20). Although nonrandomized, the MN subset was

selected (by an unblinded study statistician) to be approximately balanced by treatment group

and age group from participants enrolled earlier in the study until the subgroup quota was

met. Details of assays are included in the Supporting methods section. An ad hoc analysis was

conducted, comparing the neutralizing antibody response to a sample serum panel from a

clinical case series of 60 convalescent sera samples from cases with polymerase chain reaction

(PCR)-confirmed asymptomatic to severe symptoms of COVID-19 from Baylor College of

Medicine (Houston, Texas, USA). Three samples were from pediatric cases, 13 (22%) of sam-

ples were from adults 18 to 49 years, 13 (22%) from adults 50 to 64 years, and 31 (52%) from

older adults 65 to 79 years. In terms of clinical disease severity, 11 (18%) were from asymptom-

atic/mild cases (identified through contact/exposure assessment), 30 (50%) were from mild/

moderate cases (outpatient cases/discharged cases from the emergency department), and 19

(32%) were from moderate/severe cases (hospitalized cases/intensive care unit cases).

Statistical analysis

The decision on which dosing regimen of NVX-CoV2373 to move forward into late-phase

studies in both younger and older adult participants was based on the totality of the immuno-

genicity and safety data rather than any individual measurement and was not based on formal

statistical comparisons of treatments. With a minimum of approximately 150 participants in

each treatment group (in either country), there was a greater than 99.9% probability of observ-

ing at least 1 participant with an AE if the true incidence of the AE was 5% and a 77.9% proba-

bility if the true incidence of the AE was 1%. For immunogenicity endpoints, power estimates

based on a range of assumptions for potential immunogenicity endpoint scenarios were made

and are included in the statistical analysis plan. Most endpoints were summarized using
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descriptive statistics, with 95% confidence intervals (CIs) added based on the t-distribution of

the log-transformed values. This Set included all participants who received at least 1 dose of

study vaccine or placebo. Immunogenicity Analysis Sets are described in the protocol and sta-

tistical analysis plan. Any participant who tested SARS-CoV-2 positive by qualitative PCR test-

ing from screening and prior to the immunogenicity assessment for a particular time point

were excluded from the Per-Protocol Analysis Set for that time point as were participants who

had major protocol deviations that might affect their immune responses.

Results

Trial population

Between August 24, 2020, and September 25, 2020, a total of 1,288 participants underwent ran-

domization at 17 sites in Australia and the US in the phase 2 component of the trial (Fig A in

S1 Text). A total of 1,283 participants received the initial injection, with 255 in the placebo

group (Group A), 258 in the 5-μg 2-dose regimen (Group B), 256 in the 5-μg 1-dose regimen

(Group C), 259 in the 25-μg 2-dose regimen (Group D), and 255 in the 25-μg 1-dose regimen

(Group E). A total of 1,256 participants received both injections (250, 254, 255, 251, and 246 in

Groups A, B, C, D, and E, respectively). Demographic characteristics of the participants based

on the Safety Analysis Set population are presented in Table 1. The median age was 57 years,

with 45% in the older age group. Among the 1,283 participants, 49% were male, 87% were

white, 4% were of Hispanic or Latino origin, and 2% had a positive baseline SARS-CoV-2

serostatus.

Safety outcomes

An overall summary by treatment group for solicited and unsolicited AEs is included in

Table D in S1 Text. The safety results reported are for safety follow-up until the data cutoff

date for the Day 35 interim analysis of December 9, 2020, which was inclusive of at least 35

days of follow-up for all enrolled participants. Safety follow-up is ongoing for the study.

Solicited local reactogenicity

Across both age groups (18 to 59 and 60 to 84 years), solicited local AEs were more common

in the NVX-CoV2373 groups than in the placebo group following each vaccination (Fig 2A

and Tables E, F, and G in S1 Text).

Following first vaccination of low-dose 5-μg NVX-CoV2373 (Groups B+C) and high-dose

25-μg NVX-CoV2373 (Groups D+E) for all participants 18 to 84 years (Fig 2 and Table E in S1

Text), the most frequent solicited local AEs for “any grade” severity were tenderness (48%,

95% CI 43.6, 52.5 and 59%, 95% CI 55.0, 63.7 for Groups B+C and D+E, respectively) and pain

(27%, 95% CI 23.5, 31.5 and 37%, 95% CI 33.0, 41.6, respectively).

Following the first vaccination with low-dose 5-μg NVX-CoV2373 (Group B+C), the fre-

quencies of “any grade” severity solicited systemic events were higher among younger partici-

pants for some measures such as tenderness (60.6%, 95% CI 54.6, 66.4) compared with older

participants (32.9%, 95% CI 26.9, 39.4). Pain in younger participants was 35.7% (95% CI 30.1,

41.7) and 17.3% (95% CI 12.7, 22.8) in older participants (Fig 2C and Tables F and G in S1

Text). Tenderness and pain were predominantly grade 1 to 2 in younger participants and

grade 1 in older participants and of short duration (median of 1 day for pain and 2 days for

tenderness) across both age groups. Grade 3 solicited local AEs were reported in 1 low-dose

(<1%) and 2 high-dose recipients (1%) among younger participants and in 1 high-dose recipi-

ent (<1%) among older participants; there were no grade 4 events.
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Following second vaccination of 5-μg (Group B) and 25-μg (Group D) NVX-CoV2373, the

most frequent solicited local AEs for all participants 18 to 84 years (Fig 2A and Table E in S1

Text) were tenderness (Group B: 65.2%, 95% CI 58.9, 71.1 and Group D: 76.1, 95% CI 70.3,

81.3) and pain (Group B: 45.6%, 95% CI 39.3, 52.0 and Group D: 54.7%, 95% CI 48.2, 61.0).

For the 2-dose regimen of low-dose 5-μg NVX-CoV2373 (Group B), the frequencies of “any

grade” severity solicited systemic events were higher among younger participants for some

measures such as tenderness (73.7%, 95% CI 65.5, 80.9) compared with older participants

(54.9%, 95% CI 45.2, 64.2). Pain in younger participants was 49.6% (95% CI 41.0, 58.3) and

40.7% (95% CI 31.6, 50.4) in older participants (Fig 2C and Tables F and G in S1 Text).

Table 1. Demographic characteristics of the participants at enrollment (Safety Analysis Set).

AGEU
Group

A B C D E TOTAL
1,283

Study Treatments Dose 1 / Dose 2 Placebo /
Placebo

5 μg + M1 / 5 μg
+ M1

5 μg + M1 /
Placebo

25 μg + M1 / 25 μg
+ M1

25 μg + M1 /
Placebo

Characteristic N 255 258 256 259 255

Sex–no. (%)

Male 132 (51.8) 119 (46.1) 136 (53.1) 122 (47.1) 121 (47.5) 630 (49.1)

Female 123 (48.2) 139 (53.9) 120 (46.9) 137 (52.9) 134 (52.5) 653 (50.9)

Age–years

All– 18–84 mean (SD) 51.8 (17.17) 51.3 (17.47) 52.7 (16.82) 52.5 (16.60) 53.9 (16.14) 52.4 (16.84)

18–59 no. (% of total) 139 (54.5) 140 (54.3) 139 (54.3) 144 (55.6) 138 (54.1) 700 (54.6)

mean (SD) 38.9 (12.40) 38.2 (12.54) 40.2 (12.17) 40.8 (12.60) 42.3 (12.45) 40.1 (12.48)

60–84 no. (% of total) 116 (45.5) 118 (45.7) 117 (45.7) 115 (44.4) 117 (45.9) 583 (45.4)

mean (SD) 67.1 (5.31) 66.9 (5.71) 67.5 (5.94) 67.2 (5.55) 67.7 (5.90) 67.3 (5.68)

75–84 no. (% of total) 13 (5.1) 14 (5.4) 18 (7.0) 17 (6.6) 21 (8.2) 83 (6.5)

mean (SD) 77.1 (2.53) 77.5 (2.38) 78.3 (2.33) 76.8 (1.56) 77.8 (3.06) 77.5 (2.46)

Race or ethnic group–no. (%)

White 228 (89.4) 225 (87.2) 216 (84.4) 222 (85.7) 223 (87.5) 1,114 (86.8)

Black or African American 6 (2.4) 7 (2.7) 7 (2.7) 11 (4.2) 6 (2.4) 37 (2.9)

Asian 16 (6.3) 18 (7.0) 25 (9.8) 20 (7.7) 19 (7.5) 98 (7.6)

American Indian or Alaska Native 2 (0.8) 2 (0.8) 2 (0.8) 1 (0.4) 1 (0.4) 8 (0.6)

Native Hawaiian or other Pacific
Islander

0 0 0 0 1 (0.4) 1 (<0.1)

Multiracial 3 (1.2) 3 (1.2) 3 (1.2) 3 (1.2) 3 (1.2) 15 (1.2)

Not reported/missing 0 3 (1.2) 3 (1.2) 2 (0.8) 2 (0.8) 10 (0.8)

Hispanic or Latino 15 (5.9) 6 (2.3) 12 (4.7) 7 (2.7) 11 (4.3) 51 (4.0)

Body mass index�† 26.76 (4.244) 27.10 (4.121) 26.35 (4.232) 27.26 (3.930) 26.78 (4.067) 26.85
(4.126)

Baseline SARS-CoV-2 Serostatus–no.
(%)

Seropositive‡ 6 (2.4) 5 (1.9) 6 (2.3) 7 (2.7) 7 (2.7) 31 (2.4)

Country of participants–no. (%)

Australia 130 (51.0) 134 (51.9) 132 (51.6) 133 (51.4) 130 (51.0) 659 (51.4)

United States 125 (49.0) 124 (48.1) 124 (48.4) 126 (48.6) 125 (49.0) 624 (48.6)

�Means ± SD.
†The body mass index is the weight in kilograms divided by the square of the height in meters. This calculation was based on the weight and height measured at the time

of screening.
‡Seropositive—Day 0 seropositivity to serum IgG antibody to SARS-CoV-2 proteins.

IgG, immunoglobulinAU : AbbreviationlistshavebeencompiledforthoseusedinTables1� 3:Pleaseverifythatallentriesarecorrect:G; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation.

https://doi.org/10.1371/journal.pmed.1003769.t001

PLOS MEDICINE Phase 2 randomized placebo-controlled NVX-CoV2373 trial in adults 18 to 84 years

PLOSMedicine | https://doi.org/10.1371/journal.pmed.1003769 October 1, 2021 7 / 20

https://doi.org/10.1371/journal.pmed.1003769.t001
https://doi.org/10.1371/journal.pmed.1003769


Vaccine Group Vaccine GroupVaccination 1 Vaccination 2

Plc

Plc

5 µg + Matrix-M1
Plc

Plc

Plc

5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1 25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

25 µg + Matrix-M1

5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Plc
5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Plc
5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Plc

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Tenderness

Pain

Induration or

swelling

Erythema or

redness

Any Local AEs

5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Vaccine Group

V
a

c
c

in
a

ti
o

n
 1

LOCAL SYSTEMIC

V
a

c
c

in
a

ti
o

n
 2

Vaccine GroupVaccination 1 Vaccination 2

Plc
5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Plc
5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Plc
5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Plc
5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Plc
5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Plc
5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Plc
5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

0%

25%

50%

75%

100%

25%

P
la

c
e

b
o

5
 µ

g
 +

 M
a
tr

ix
-M

1

2
5
 µ

g
 +

 M
a
tr

ix
-M

1

P
la

c
e

b
o

All Participants Participants

Ages 18 to 59

Participants

Ages 60 to 84

All Participants Participants

Ages 18 to 59

Participants

Ages 60 to 84

5
 µ

g
 +

 M
a
tr

ix
-M

1

2
5
 µ

g
 +

 M
a
tr

ix
-M

1

P
la

c
e

b
o

5
 µ

g
 +

 M
a
tr

ix
-M

1

2
5
 µ

g
 +

 M
a
tr

ix
-M

1

50%

75%

100%

20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Any Systemic AEs

Arthralgia

Fatigue

Fever

Headache

Myalgia

Nausea

Malaise

Plc
5 µg + Matrix-M1
5 µg + Matrix-M1

25 µg + Matrix-M1
25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Plc

Plc

Plc

5 µg + Matrix-M1

25 µg + Matrix-M1

Grade 1 (Mild) Grade 2 (Moderate) Grade 3 (Severe) Grade 4 (Potentially Life-Threatening)

Grade 1 (Mild) Grade 2 (Moderate) Grade 3 (Severe) Grade 4 (Potentially Life-Threatening)

Grade 1 (Mild) Grade 2 (Moderate)

Grade 3 (Severe) Grade 4 (Potentially Life-Threatening)

Grade 0 (None) Grade 1 (Mild) Grade 2 (Moderate)

Grade 3 (Severe) Grade 4 (Potentially Life-Threatening)

Grade 0 (None)

P
la

c
e

b
o

5
 µ

g
 +

 M
a
tr

ix
-M

1

2
5
 µ

g
 +

 M
a
tr

ix
-M

1

P
la

c
e

b
o

5
 µ

g
 +

 M
a
tr

ix
-M

1

2
5
 µ

g
 +

 M
a
tr

ix
-M

1

P
la

c
e

b
o

5
 µ

g
 +

 M
a
tr

ix
-M

1

2
5
 µ

g
 +

 M
a
tr

ix
-M

1

A

B

C

PLOS MEDICINE Phase 2 randomized placebo-controlled NVX-CoV2373 trial in adults 18 to 84 years

PLOSMedicine | https://doi.org/10.1371/journal.pmed.1003769 October 1, 2021 8 / 20

https://doi.org/10.1371/journal.pmed.1003769


Tenderness and pain were predominantly grade 1 to 2 in younger participants and grade 1 in

older participants and of short duration (median of 2 days) across both age groups.

For vaccine participants who received placebo as the second injection following active vaccine

at Dose 1 (Groups C and E), frequencies of solicited local AEs were similar to placebo (Group A)

after the second vaccination. Grade 3 solicited local AEs were reported in 10 low-dose recipients

(7%) and 10 high-dose recipients (7%) among younger participants and in 3 low-dose

NVX-CoV2373 recipients (3%) and 9 high-dose NVX-CoV2373 recipients (8%) among older par-

ticipants; grade 4 events were reported in 1 high-dose recipient (1%) in each age group.

Solicited systemic reactogenicity

Across both age groups, solicited systemic AEs other than muscle pain were reported at similar

frequencies between the NVX-CoV2373 and placebo groups following first vaccination; how-

ever, solicited systemic AEs were more common in participants administered a second dose of

the active NVX-CoV2373 vaccine (Groups B and D) than in the other groups following second

vaccination (Fig 2B and Tables E, F, and G in S1 Text). Fever was infrequently reported in 1%

to 2% of vaccine recipients across both age groups, with grade 3 fever reported in 3 low-dose

recipients (1%) and 1 high-dose recipient (<1%) (Table E in S1 Text).

For younger participants 18 to 64 years following first vaccination, Grade 3 solicited sys-

temic AEs were infrequent, being reported in 2 placebo recipients (1%), 7 low-dose recipients

(3%), and 4 high-dose recipients (1%), with 1 grade 4 event (fever) reported in 1 placebo recip-

ient (1%).

Among older participants 65 to 84 years following first vaccination, grade 3 solicited sys-

temic AEs were reported in 6 low-dose recipients (3%) and 2 high-dose recipients (1%), and 1

grade 4 event (malaise) was reported in 1 placebo recipient (1%). The grade 4 malaise was asso-

ciated with an emergency department attendance for a participant with concurrent atrial fibril-

lation who was not subsequently admitted to hospital.

Following second vaccination of 5-μg (Group B) and 25-μg (Group D) NVX-CoV2373, the

most frequent solicited systemic AEs were fatigue (Group B: 35.6%, 95% CI 29.7, 41.9 and

Group D: 42.5%, 95% CI 36.3, 48.9) and muscle pain (Group B: 30.8%, 95% CI 25.1, 36.9 and

Group D: 40.9%, 95% CI 34.7, 47.3).

For the 2-dose regimen of low-dose 5-μg NVX-CoV2373 (Group B), the frequencies of any

solicited systemic events were higher among younger participants (64.2%, 95% CI 55.6, 72.2)

compared with older participants (38.9%, 95% CI 29.9, 48.6). This was also seen for the more

frequent measures such as fatigue–younger participants 46.0% (95% CI 37.4, 54.7) compared

with older participants 23.0% (95% CI 15.6, 31.9) and muscle pain–younger participants

40.1% (95% CI 31.9, 48.9) compared with older participants 19.5% (95% CI 12.6, 28.0). Sys-

temic AEs were generally grade 1 or 2 in severity and of short duration (median of 1 day)

across both age groups.

Following second vaccination for younger participants, “any grade” fever was reported in 1

placebo recipient (1%), 9 low-dose recipients (7%), and 16 high-dose recipients (12%), with

Fig 2. Solicited local and systemicAU : PerPLOSstyle; subjectsshouldnotbeusedinreferencetohumans:PleasechangeSubjectstoParticipantsinFig2subpartCandprovideanewFig2file:AEs. The percentage of participants in each vaccine group (Groups A, B, C, D, and
E) with solicited local and systemic AEs according to the maximum toxicity grade (mild, moderate, severe, or
potentially life-threatening) during the 7 days after each vaccination is plotted for solicited local (Panel A) and systemic
(Panel B) AEs and for both local and systemic events by age group (Panel C). Grade 4 (potentially life-threatening)
events met these criteria by emergency department attendances in Australia, where nonemergency conditions are
frequently managed as an alternative to regular primary care. (See Tables E, F, and G in S1 Text for complete solicited
local and systemic AE data by dose, by all participants, and by younger and older age groups.) (A) Solicited local AEs.
(B) Solicited systemic AEs. (C) Reactogenicity by age. AE, adverse event; Plc, placebo.

https://doi.org/10.1371/journal.pmed.1003769.g002
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grade 3 fever reported in 1 low-dose recipient (1%) and 2 high-dose recipients; grade 4 fever

was reported in 1 placebo recipient (1%). Among older participants following second vaccina-

tion, “any grade” fever was reported in 1 placebo recipient (1%), 2 low-dose recipients (2%),

and 4 high-dose recipients (4%), with grade 3 fever reported in 1 high-dose recipient (1%); no

grade 4 fever events were reported.

Grade 3 solicited systemic AEs in younger participants following the second vaccination

were reported in 1 placebo recipient (1%), 11 low-dose recipients (8%), and 16 high-dose

recipients (12%), and 1 grade 4 event was reported in a placebo recipient (<1%).

Among older participants, grade 3 solicited systemic AEs following the second vaccination

were reported in 1 placebo recipient (1%), 3 low-dose recipients (3%), and 4 high-dose recipi-

ents (4%). A grade 4 event of muscle pain was reported in 1 high-dose recipient (1%) assessed

for an injection site reaction at an emergency department, which did not require hospital

admission and subsequently resolved. No solicited grade 4 AEs after either vaccination dose

met seriousness criteria for serious adverse events (SAEs).

Unsolicited adverse events

Unsolicited AEs were reported (Table H in S1 Text) in 42 placebo recipients (17%), 86 low-

dose recipients (17%), and 95 high-dose recipients (18%), with similar distributions across

both age groups. Unsolicited AEs were predominantly mild across both age groups, with

severe events reported in 3 placebo recipients (1%), 5 low-dose recipients (1%), and 1 high-

dose recipient (<1%). One low-dose recipient (<1%) had a related severe unsolicited AE

(acute colitis) that also met the criteria for an SAE.

Seven participants discontinued the trial due to an unsolicited AE, including 2 placebo

recipients (non-Hodgkin lymphoma; atrial fibrillation); 1 low-dose recipient (urinary inconti-

nence); and 4 high-dose recipients (arthralgia; pyrexia, myalgia, and malaise (related); derma-

titis; and atrial fibrillation).

Nine SAEs were reported with 2 SAEs assessed as related by the investigator; 1 case of acute

colitis in a low-dose recipient, and 1 case of multiple sclerosis in a placebo recipient (which

also met criteria for a PIMMC). The other 7 SAEs reported as unrelated by investigators were

single cases of atrial fibrillation (assessed as not related by the investigator due to underlying

cardiac disease), myocardial infarction (assessed as not related due to underlying risk factors

of hypertension, type 2 diabetes, and hypercholesterolemia), vertigo, wrist fracture, non-Hodg-

kin lymphoma, animal bite, and lumbar spinal stenosis. There were no AEs of special interest

associated with COVID-19 as defined by regulatory criteria for conditions listed in Table S2.

Immunogenicity outcomes

Anti-spike protein binding IgG response. For the primary endpoint analysis at Day 35

(14 days following the second dose), participants 18 to 84 years of age who received full vacci-

nation regardless of baseline serostatus had high and similar anti-spike protein binding IgG

geometric mean titers (GMTs) for either of the 2-dose regimens of 5-μg and 25-μg

NVX-CoV2373 (44,421 and 46,459, respectively; Table 2).

These responses equated to large geometric mean fold rises (GMFRs) of 386 and 385,

respectively, relative to baseline. Seroconversion rates (defined as the percentage of partici-

pants with a postvaccination titer increase of�4-fold) were 98% and 100%, respectively, com-

pared with 1.3% for placebo (Table 2).

Across the 2 age groups, 97.3% of participants were seronegative at baseline with anti-spike

protein binding IgG GMTs generally below the limit of quantification (200) at Day 0 (Table 2),

reflecting the low rate of previous virus exposure in this population. Following first vaccination
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Table 2. Anti-S protein serum IgG antibody immune responses for NVX-CoV2373 study treatments by study group and age (18 to 84 years), or age subgroup (18 to
59 years and 60 to 84 years).

Group Group A Group B Group C Group D Group E

Study Treatments Dose 1 / Dose 2 Placebo / Placebo 5 μg + M1 / 5 μg + M1 5 μg + M1 / Placebo 25 μg + M1 / 25 μg + M1 25 μg + M1 / Placebo

Primary Endpoint Analysis—Participants 18 to 84 Years of Age (PP Immunogenicity Analysis Set)

Day 35

n1 238 240 241 236 243

GMT (EU/mL) (95% CI) 126.1 (114.0,
139.4)

44,420.9 (37,929.1,
52,023.8)

894.0 (744.1, 1,074.0) 46,459.3 (40,839.4,
52,852.5)

1,951.3 (1,658.3,
2,296.1)

GMFR referencing Day 0 (95% CI) 1.0 (1.0, 1.1) 385.6 (325.5, 456.8) 7.4 (6.3, 8.7) 384.9 (334.7, 442.7) 15.4 (13.3, 17.9)

SCR� 4-fold increase, n2/n1 (%)
(95% CI)

3/238 (1.3) (0.3,
3.6)

236/240 (98.3) (95.8,
99.5)

163/241 (67.6) (61.3,
73.5)

235/236 (99.6) (97.7,
100.0)

211/243 (86.8) (81.9,
90.8)

Secondary Endpoint Analyses—Participants 18 to 59 Years of Age (PP Analysis Set)

Day 0

n1 138 137 140 143 139

GMT (EU/mL) (95% CI) 116.5 (105.2,
128.9)

119.1 (105.6, 134.2) 123.4 (111.3, 136.8) 125.2 (110.7, 141.7) 119.6 (107.6, 132.9)

Day 21

n1 137 135 139 142 133

GMT (EU/mL) (95% CI) 121.0 (108.7,
134.7)

1,374.0 (1,109.4, 1,701.7) 1,457.8 (1,170.6,
1,815.4)

3,155.7 (2,543.3, 3,915.7) 2,897.6 (2,341.4,
3,586.0)

GMFR referencing Day 0 (95% CI) 1.0 (1.0, 1.1) 11.5 (9.4, 14.1) 11.8 (9.6, 14.5) 25.2 (20.5, 30.9) 24.0 (19.7, 29.3)

SCR� 4-fold increase, n2/n1 (%)
(95% CI)

2/137 (1.5) (0.2,
5.2)

106/135 (78.5) (70.6,
85.1)

110/139 (79.1) (71.4,
85.6)

133/142 (93.7) (88.3,
97.1)

123/133 (92.5) (86.6,
96.3)

Day 35

n1 135 127 134 137 133

GMT (EU/mL) (95% CI) 123.9 (109.0,
140.9)

65,019.1 (55,484.8,
76,191.9)

1,493.4 (1,206.1,
1,849.2)

58,773.8 (51,611.7,
66,929.8)

2,644.3 (2,175.6,
3,213.9)

GMFR referencing Day 0 (95% CI) 1.1 (1.0, 1.2) 538.6 (442.1, 656.2) 12.1 (9.9, 14.9) 464.7 (395.2, 546.4) 21.9 (18.3, 26.3)

SCR� 4-fold increase, n2/n1 (%)
(95% CI)

2/135 (1.5) (0.2,
5.2)

126/127 (99.2) (95.7,
100.0)

109/134 (81.3) (73.7,
87.5)

137/137 (100.0) (97.3,
100.0)

125/133 (94.0) (88.5,
97.4)

Secondary Endpoint Analyses—Participants 60 to 84 Years of Age (PP Analysis Set)

Day 0

n1 111 117 117 112 117

GMT (MN50) (95% CI) 125.9 (109.6,
144.6)

113.0 (102.9, 124.0) 117.6 (103.6, 133.5) 115.5 (106.0, 125.8) 134.0 (116.7, 153.9)

Day 21

n1 108 116 114 107 114

GMT (EU/mL) (95% CI) 120.0 (106.0,
135.9)

456.4 (361.9, 575.6) 403.6 (308.8, 527.4) 746.3 (592.2, 940.5) 1214.3 (932.7, 1580.8)

GMFR referencing Day 0 (95% CI) 1.0 (0.9, 1.0) 4.0 (3.3, 5.0) 3.5 (2.8, 4.3) 6.5 (5.2, 8.1) 9.0 (7.1, 11.4)

SCR� 4-fold increase, n2/n1 (%)
(95% CI)

0/108 (0.0) (0.0,
3.4)

53/116 (45.7) (36.4, 55.2) 46/114 (40.4) (31.3,
49.9)

73/107 (68.2) (58.5, 76.9) 92/114 (80.7) (72.3,
87.5)

Day 35

n1 107 114 112 105 110

GMT (EU/mL) (95% CI) 127.8 (109.2,
149.6)

28,136.6 (21,616.6,
36,623.3)

457.9 (351.1, 597.1) 32,871.2 (26,189.5,
41,257.5)

1,347.5 (1,041.5,
1,743.5)

GMFR referencing Day 0 (95% CI) 1.0 (0.9, 1.1) 257.7 (197.1, 336.9) 3.9 (3.1, 4.9) 286.3 (226.6, 361.8) 9.9 (7.9, 12.3)

(Continued)
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(Day 21) with 5-μg NVX-CoV2373 (Groups B and C combined) and 25-μg NVX-CoV2373

(Groups D and E combined), anti-spike protein binding IgG GMTs were higher for younger

participants than older participants (Table 2). Seroconversion rates were also higher for youn-

ger participants (79% and 93% for 5-μg first doses and 25-μg first doses, respectively, and 43%

and 75% for older participants by dose, respectively).

For participants administered active vaccine for both doses (Group B—2 doses of 5-μg

NVX-CoV2373 and Group D—2 doses of 25-μg NVX-CoV2373), there was a large increase in

anti-spike protein binding IgG GMTs at Day 35 following the second dose relative to post-

first-dose immune responses, and, again, responses were higher in younger participants rela-

tive to older participants. Anti-spike IgG immune responses were similar for Groups B and D.

For Group B participants (2 doses of 5-μg NVX-CoV2373) at Day 35, anti-spike protein bind-

ing IgG GMTs were 65,019, the GMFR was 539, and the seroconversion rate was 99% for

younger participants (Table 2). For older participants, anti-spike protein binding IgG GMTs

were 28,137 the GMFR was 258, and the seroconversion rate was 97% (Table 2).

Neutralizing antibody responses

A similar pattern of immune responses following study treatments and dose time point for age

subgroups were seen for the neutralizing antibody responses in the subset of participants for

which neutralizing antibody responses were measured (Tables 2 and 3). At baseline and for

the Day 35 time point (following second vaccination), approximately 25 participants per study

group and per age subgroup had evaluable results (Table 3). A smaller subset of participants

had neutralizing antibody responses evaluated after the first dose (Day 21). The mean age and

sex split of participants in the MN subset (with evaluable baseline MN values) were similar to

that see in the general study demographics.

At baseline, neutralizing antibodies were below the LLOQ of the assay for most participants,

indicating infrequent prior SARS-CoV-2 infection (Table 3).

Neutralizing antibody responses by GMT (MN50), GMFR, and seroconversion rate rose fol-

lowing first-dose vaccination for all nonplacebo study groups, with higher values for younger

participants relative to older participants (Table 3).

Neutralizing antibody responses were similar for Groups B and D, the 2-dose active vacci-

nation regimens. For Group B participants (2 doses of 5-μg NVX-CoV2373) at Day 35, neu-

tralizing antibody GMTs (MN50) were 2,201, the GMFR was 220, and the seroconversion rate

Table 2. (Continued)

Group Group A Group B Group C Group D Group E

Study Treatments Dose 1 / Dose 2 Placebo / Placebo 5 μg + M1 / 5 μg + M1 5 μg + M1 / Placebo 25 μg + M1 / 25 μg + M1 25 μg + M1 / Placebo

SCR� 4-fold increase, n2/n1 (%)
(95% CI)

1/107 (0.9) (0.0,
5.1)

111/114 (97.4) (92.5,
99.5)

55/112 (49.1) (39.5,
58.7)

104/105 (99.0) (94.8,
100.0)

86/110 (78.2) (69.3,
85.5)

CI, confidence interval; COVID-19, coronavirus disease 2019; GMFR, geometric mean fold rise; GMT, geometric mean titer; IgG, immunoglobulin G; LLOQ, lower

limit of quantification; M1, Matrix M1 adjuvant 50 μg; MN50, microneutralization titer expressed as the reciprocal of the highest dilution at which 50% of the replicate

wells are protected from infection; n1, number of participants in the PP Analysis Set within each visit with non-missing data; PP, per-protocol; rSARS-CoV-2,

recombinant severe acute respiratory syndrome coronavirus 2 spike protein nanoparticle vaccine; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SCR,

seroconversion rate.

MN50 titer LLOQ = 20. Percentages were calculated as (n2/n1) × 100. Titer values less than LLOQ were replaced by 0.5 × LLOQ. The 95th percentile was calculated

relative to placebo participants who remain COVID-19 free at the applicable visit. The 95% CI for GMT and GMFR were calculated based on the t-distribution of the

log-transformed values, then back transformed to the original scale for presentation. The 95% CI for SCR was calculated using the exact Clopper–Pearson method. 95%

CI for the difference of SCR was calculated using the method of Miettinen and Nurminen [12].

https://doi.org/10.1371/journal.pmed.1003769.t002
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was 100% for younger participants (Table 2). For older participants, neutralizing antibody

GMTs (MN50) at Day 35 were 981, the GMFR was 98, and the seroconversion rate was 100%

(Table 3).

Neutralizing antibody responses of the 2-dose regimens of 5-μg (Group B) and 25-μg

(Group D) NVX-CoV2373 in both younger and older participants exceeded those seen in a

panel of convalescent sera (Fig 3).

Table 3. Microneutralization immune responses (MN50) for NVX-CoV2373 study treatments by study group and age subgroup (18 to 59 years and 60 to 84 years).

Group Group A Group B Group C Group D Group E

Study Treatments Dose 1 / Dose 2 Placebo / Placebo 5 μg + M1 / 5 μg + M1 5 μg + M1 / Placebo 25 μg + M1 / 25 μg + M1 25 μg + M1 / Placebo

Secondary Endpoint Analyses—Participants 18 to 59 Years of Age (PP Analysis Set)

Day 0

n1 26 24 31 23 24

GMT (MN50) (95% CI) 10.0 (10.0, 10.0) 10.0 (10.0, 10.0) 10.0 (10.0, 10.0) 10.0 (10.0, 10.0) 10.0 (10.0, 10.0)

Day 21

n1 11 8 12 11 10

GMT (MN50) (95% CI) 10.0 (10.0, 10.0) 36.7 (12.3, 109.4) 44.9 (26.5, 75.9) 132.4 (64.2, 273.2) 60.6 (17.9, 205.2)

GMFR referencing Day 0 (95% CI) 1.0 (1.0, 1.0) 3.7 (1.2, 10.9) 4.5 (2.7, 7.6) 13.2 (6.4, 27.3) 6.1 (1.8, 20.5)

SCR� 4-fold increase, n2/n1 (%) (95%
CI)

0/11 (0.0) (0.0,
28.5)

3/8 (37.5) (8.5, 75.5) 8/12 (66.7) (34.9, 90.1) 10/11 (90.9) (58.7, 99.8) 7/10 (70.0) (34.8, 93.3)

Day 35

n1 26 23 29 23 23

GMT (MN50) (95% CI) 11.4 (8.7, 15.0) 2,200.8 (1,342.6, 3,607.5) 26.6 (18.1, 39.3) 1,783.1 (1,191.9, 2,667.7) 52.5 (31.3, 88.0)

GMFR referencing Day 0 (95% CI) 1.1 (0.9, 1.5) 220.1 (134.3, 360.7) 2.7 (1.8, 3.9) 178.3 (119.2, 266.8) 5.2 (3.1, 8.8)

SCR� 4-fold increase, n2/n1 (%)(95%
CI)

1/26 (3.8) (0.1,
19.6)

23/23 (100.0) (85.2,
100.0)

13/29 (44.8) (26.4,
64.3)

23/23 (100.0) (85.2,
100.0)

15/23 (65.2) (42.7,
83.6)

Secondary Endpoint Analyses—Participants 60 to 84 Years of Age (PP Analysis Set)

Day 0

n1 25 27 26 26 24

GMT (MN50) (95% CI) 10.0 (10.0, 10.0) 11.1 (9.0, 13.7) 10.0 (10.0, 10.0) 10.0 (10.0, 10.0) 10.0 (10.0, 10.0)

Day 21

n1 10 13 10 10 10

GMT (MN50) (95% CI) 10.0 (10.0, 10.0) 42.2 (15.7, 113.5) 18.7 (10.8, 32.2) 32.5 (14.0, 75.6) 32.5 (15.5, 68.2)

GMFR referencing Day 0 (95% CI) 1.0 (1.0, 1.0) 3.4 (1.7, 6.9) 1.9 (1.1, 3.2) 3.2 (1.4, 7.6) 3.2 (1.5, 6.8)

SCR� 4-fold increase, n2/n1 (%) (95%
CI)

0/10 (0.0) (0.0,
30.8)

6/13 (46.2) (19.2, 74.9) 3/10 (30.0) (6.7, 65.2) 5/10 (50.0) (18.7, 81.3) 5/10 (50.0) (18.7, 81.3)

Day 35

n1 25 26 26 26 24

GMT (MN50) (95% CI) 10.0 (10.0, 10.0) 980.5 (559.8, 1717.1) 15.7 (12.1, 20.4) 1,034.2 (639.8, 1,671.6) 27.5 (17.9, 42.3)

GMFR referencing Day 0 (95% CI) 1.0 (1.0, 1.0) 98.0 (56.0, 171.7) 1.6 (1.2, 2.0) 103.4 (64.0, 167.2) 2.7 (1.8, 4.2)

SCR� 4-fold increase, n2/n1 (%)(95%
CI)

0/25 (0.0) (0.0,
13.7)

26/26 (100.0) (86.8,
100.0)

6/26 (23.1) (9.0, 43.6) 25/26 (96.2) (80.4, 99.9) 11/24 (45.8) (25.6,
67.2)

CI, confidence interval; COVID-19, coronavirus disease 2019; GMFR, geometric mean fold rise; GMT, geometric mean titer; LLOQ, lower limit of quantification;

MN50, microneutralization titer expressed as the reciprocal of the highest dilution at which 50% of the replicate wells are protected from infection; n1, number of

participants in the PP Analysis Set within each visit with non-missing data; PP, per-protocol; rSARS-CoV-2, recombinant severe acute respiratory syndrome

coronavirus 2 spike protein nanoparticle vaccine; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SCR, seroconversion rate.

MN50 titer LLOQ = 20. Percentages were calculated as (n2/n1) × 100. Titer values less than LLOQ were replaced by 0.5 × LLOQ. The 95th percentile was calculated

relative to placebo participants who remain COVID-19 free at the applicable visit. The 95% CI for GMT and GMFR were calculated based on the t-distribution of the

log-transformed values, then back transformed to the original scale for presentation. The 95% CI for SCR was calculated using the exact Clopper–Pearson method. 95%

CI for the difference of SCR was calculated using the method of Miettinen and Nurminen [12].

https://doi.org/10.1371/journal.pmed.1003769.t003
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Discussion

Based on the totality of the safety and immunogenicity data through at least Day 35 from this

phase 2 study, the 2-dose regimen of 5-μg NVX-CoV2373 administered 21 days apart was

determined to be the preferred dose regimen for phase 3 development and potential licensure

in both younger and older adults. Following first vaccination, both dose levels of

NVX-CoV2373 were well tolerated, but there was a higher incidence of local reactogenicity

(any solicited local AE) with the higher dose for all participants; however, anti-spike protein

binding IgG levels and neutralizing antibody responses were similar by dose level. Following

second vaccination, both dose levels of NVX-CoV2373 remained generally well tolerated

despite increased frequencies and intensities of local and systemic reactogenicity in both youn-

ger and older adults, with higher incidence of overall solicited local and systemic AEs seen

with the higher-dose level. Most solicited AEs were of mild or moderate grade severity, and

grade 3 or higher solicited AEs were uncommon. NVX-CoV2373 induced robust levels of

anti-spike protein binding IgG levels and neutralizing antibodies in both younger and older

adults, with seroconversion rates of at least 96% achieved with similar immune responses

between the 2 dose levels. Notably, in both age groups, there was a high correlation between

“binding” antibodies (anti-spike IgG) and neutralizing antibodies (Fig 4), suggesting that the

anti-spike immunity was predominantly functional, as indicated by neutralization. Based on

the antibody responses, the low-dose, 2-immunization regimen of 5-μg NVX-CoV2373 was

selected to move into later phase development. The study is ongoing, with immune persistence

being assessed at approximately 6 months, with subsequent booster doses administered to

some study subgroups. Cell-mediated immune responses in a subset of participants by analysis

of peripheral blood mononuclear cells (PBMCs) for T-cell responses are also underway and

will be published once complete.

The 2-dose regimen of 5-μg NVX-CoV2373 is being investigated in a phase 2a/b study in

South Africa [NCT04533399] and 2 large phase 3 studies in the UK [NCT04583995] and the

US [NCT04611802]. To date, the phase 2a/b has reported that among 2,684 baseline seronega-

tive participants (94% HIV–negative and 6% HIV–positive), that vaccine efficacy was 49.4%,

95% CI, 6.1 to 72.8). Vaccine efficacy among HIV–negative participants was 60.1% (95% CI,

19.9 to 80.1). This vaccine efficacy is predominantly against the B.1.351 variant, with 38/41

(92.7%) of sequenced samples being the B.1.351 variant [13].

As expected, we found lower frequencies of local and systemic reactogenicity and lower

anti-spike protein binding IgG and neutralizing antibody responses in older adults. These

findings are consistent with other SARS-CoV-2 vaccines [6,7]. Despite the lower immune

response in older adults, seroconversion rates after the 2-dose regimen of 5-μg NVX-CoV2373

were 97% for anti-spike protein binding IgG and 100% for neutralizing antibodies, which

reflected increases from baseline of>250-fold and>95-fold, respectively. Additionally, in

both younger and older adults, neutralizing antibody titers exceeded those seen in a sample of

Fig 3. SARS-CoV-2 anti-spike IgG and neutralizing antibody responses at Day 35. Shown are geometric mean anti-spike IgG ELISA
unit responses to the NVX-CoV2373 protein antigen (Panel A) for younger adult and older adult age groups in the phase 2 study for the
2-dose primary vaccination treatment regimens (Groups B and D), along with aligned group results by the same assay in the phase 1 study,
and wild-type SARS-CoV-2 MN assay at an inhibitory concentration>50% (MN50) titer responses (Panel B) for younger adult and older
adult age groups in the phase 2 study. These panels also include immune responses from a panel of participants by age group from a clinical
case series of participants (see Methods). In Panels A and B, boxes and horizontal bars represent IQR and median area under the curve,
respectively. Whisker endpoints are equal to the maximum and minimum values below or above the median ± 1.5 times the IQR. (A)
SARS-CoV-2 anti-spike IgG ELISA. (B)Wild-type SARS-CoV-2MN. CIAU : TheabbreviationlistsinFigs3and4havebeenupdated:Pleaseverifythattheaddedentriesarecorrect:, confidence interval; ELISA, enzyme-linked immunosorbent
assay; EU, endotoxin unit; GMT, geometric mean titer; IC, inhibitory concentration; IgG, immunoglobulin G; IQR, interquartile range;
MN, microneutralization; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

https://doi.org/10.1371/journal.pmed.1003769.g003
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Fig 4. Correlation between SARS-CoV-2 anti-spike IgG and neutralizing antibody responses. Shown is a scattergram and correlation
analysis of the neutralizing antibody titers and anti-spike IgG ELISA units for the 5-μg NVX-CoV2373 2-dose vaccine group (Group B)
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convalescent sera from a clinical case series of asymptomatic, outpatient, and hospitalized

patients.

The safety and tolerability data from this study are also consistent with that gathered from

over 14,000 participants [14–21], including over 4,300 participants who received the Matrix-

M1 adjuvant [18–21], enrolled in previous noncoronavirus nanoparticle trials. These studies

included children, pregnant women, and older adults with an age range from 5 months to 85

years of age and indicate that vaccines based on the nanoparticle/Matrix-M1 adjuvant technol-

ogy have an acceptable safety profile to date.

Study limitations include the relatively short duration of safety follow-up to date and cur-

rent lack of immune persistence data beyond the primary vaccination regimen time point

assessments, but these data will accumulate over time.

Other limitations include restricted eligibility criteria that excluded advanced age partici-

pants (85 years and older) and persons with severe comorbidities and immunocompromised

persons, although this phase 2 study was more permissive of inclusion of persons with clini-

cally stable comorbidities than would normally be the case for a phase 2 study, given the pan-

demic situation to broaden the generalizability of the results. Another limitation was the lack

of formal statistical inference to assess superiority or noninferiority of the 2 vaccine regimens.

There is not currently an established immune correlate of protection to establish the clinical

significance of the immunogenicity results; however, clinical endpoint studies underway by

Novavax and other companies for a variety of SARS-CoV-2 vaccine candidates have been

demonstrating that multiple vaccines targeting immune responses directed against the spike

protein of SARS-CoV-2 are demonstrating substantial initial vaccine efficacy with acceptable

safety/tolerability profiles in adults and/or older adults against the vaccine strains included

[6,7,13,22–25]. In settings where mass vaccination programs have been implemented for some

of the first licensed vaccines, vaccine effectiveness studies have begun to demonstrate effective-

ness estimates that are similar to clinical efficacy results from phase 3 studies [26,27]. The

emergence of SARS-CoV-2 variants circulating in countries concurrently during some clinical

efficacy studies have allowed some vaccines to report efficacy against emerging variants

[13,22,28,29].

The data from this phase 2 study indicate that the Matrix-M1 adjuvanted rSARS-CoV-2

nanoparticle vaccine was highly immunogenic and well tolerated in younger and older

participants.
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