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ABSTRACT ARTICLE HISTORY
COVID-19 remains a global public health issue and an improved understanding of vaccine performance in Received 28 June 2024
immunocompromised individuals, including people living with HIV (PLWH), is needed. Initial data from the Revised 24 October 2024
present study’s pre-crossover/booster phase were previously reported. This phase 2a/b clinical trial in South Accepted 31 October 2024
Africa (2019nCoV-501/NCT04533399) revisits 1:1 randomly assigned HIV-negative adults (18-84 years) and KEYWORDS

medically stable PLWH (18-64 years) who previously received two NVX-CoV2373 doses (5 ug recombinant Novavax, Inc.; the Bill &
Spike protein with 50 ug Matrix-M™ adjuvant) or placebo. During the 6-month blinded crossover/booster Melinda Gates Foundation;
phase, NVX-CoV2373 recipients could receive a single NVX-CoV2373 booster dose and placebo recipients and the Coalition for

a 2-dose NVX-CoV2373 primary series. NVX-CoV2373 safety and immunogenicity were assessed according Epidemic Preparedness

to prior SARS-CoV-2 infection and HIV status. Post-crossover, 1900/3793 NVX-CoV2373 recipients were Innovations

assigned another dose, and 1893/3793 placebo recipients were assigned NVX-CoV2373 primary series.

Approximately 56% of the participants were SARS-CoV-2-seropositive (“seropositive”) at crossover (6%

PLWH). In seropositive participants (HIV-negative and PLWH), booster-dose anti-spike IgG, MNsg and hACE2

inhibition responses increased to similar levels, exceeding those in seronegative participants. In primary-

series and booster cohorts, seronegative PLWH showed higher neutralizing responses (4.9- to 5.5-fold,

respectively) versus peak pre-crossover primary-series responses. The safety profile was similar among the

pre-crossover/booster phase groups; solicited and unsolicited adverse events were infrequent in all groups.

A single NVX-CoV2373 booster dose substantially increased antibodies. All baseline seropositive partici-

pants showed higher immune responses than seronegative participants. These findings support use of NVX-

CoV2373, including in immunocompromised individuals.
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Introduction

In response to the coronavirus disease 2019 (COVID-19) pan-
demic caused by the novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), multiple COVID-19 vaccines
have been developed using various technologies to confer
immunity against SARS-CoV-2 by targeting the Spike (S)
protein or the whole virus."* Multiple SARS-CoV-2 variants
have emerged that are either more transmissible or relatively
evasive to neutralizing antibodies (NAbs) induced by infection
or COVID-19 vaccines.' ™ Although primary vaccination ser-
ies are highly effective in preventing severe disease and death
due to COVID-19, there is evidence that NAbs wane substan-
tially over 4 to 6 months.">"® Consequently, vaccine-induced
protection against mild-to-moderate COVID-19 wanes over
time. The use of homologous/heterologous booster strategies
may bolster waning antibody-mediated immunity and increase
protection against emerging SARS-CoV-2 variants."">

Novavax has developed a SARS-CoV-2 recombinant
S protein nanoparticle vaccine (SARS-CoV-2 rS) co-
formulated with a saponin-based adjuvant, Matrix-M™ (NVX-
CoV2373). Overall vaccine efficacy of 89.7% and 90.4% in the
United Kingdom (UK) and the United States (US), respec-
tively, was reported for NVX-CoV2373 in phase 3 trials,
including 100% efficacy against moderate and severe disease
in the US study.'®'” NVX-CoV2373 has received emergency
use/conditional authorization in numerous geographies as
a primary series and/or booster and has been deployed
globally.

The present study is a phase 2a/b clinical trial of NVX-
CoV2373 in South Africa (2019nCoV-501/NCT04533399).
Early efficacy and immunogenicity results from this trial
demonstrated intermediate vaccine efficacy (49.4% overall,
60.1% among human immunodeficiency virus [HIV]-negative
participants) in the context of predominant circulation of the
relatively NAb-evasive Beta variant. Here, we revisit these
same participants after a 6-month crossover, where NVX-
CoV2373 recipients were given a single NVXCoV2373 booster
dose and placebo recipients were given a 2-dose NVX-
CoV2373 primary series. This analysis assessed safety and
immunogenicity of a booster dose versus primary series
according to prior SARS-CoV-2 exposure and HIV status.

Methods
Trial design and participants

The detailed study methods have been previously described,
and the trial protocol is available online (version 6.0);'®"°
further details are in the Supplemental Methods. Briefly, this
is a follow-up immunogenicity and safety analysis of the cross-
over/booster phase of a randomized, observer-blinded, pla-
cebo-controlled phase 2a/b trial. Two doses of NVX-
CoV2373 or placebo were administered 21 days apart, with
a blinded crossover/booster after 6 months where initial pla-
cebo recipients received a primary series and initial primary
series recipients received a booster dose. All participants pro-
vided written informed consent, and the study was approved
by relevant ethics committees.

Eligible participants were adults aged 18-84 years with-
out HIV-1, or people living with HIV (PLWH) aged 18-64
years; medically stable PLWH were included (see
Supplemental Methods). Enrolled participants were
required to have a non-reactive nucleic acid amplification
test (NAAT) for SARS-CoV-2 within 5days prior to first
study vaccination (Day 0). Baseline SARS-CoV-2-naive
(called “baseline seronegative”) was defined as the absence
of serum anti-S immunoglobulin G (IgG) antibodies (based
on sensitivity of 94.7% and a specificity of 96.4% at
a predefined anti-S IgG threshold) on Day 0 and no reac-
tive SARS-CoV-2 NAAT during the 14days after
the second vaccination (ie, up to Day 35). Baseline SARS-
CoV-2-exposed (called “baseline seropositive”) was defined
by the presence of serum anti-S IgG at day 0 or reactive
SARS-CoV-2 NAAT during the 14 days after the second
vaccination.

As some participants became seropositive during the initial
pre-crossover phase, serostatus was reassessed at Day 201
(crossover serostatus), with “Day 201-seronegative” indicating
participants who met both of the following criteria: 1) anti-
nucleocapsid (N)-negative through the first 3 months, and 2)
SARS-CoV-2 NAAT-negative through Day 201; “Day 201-
seropositive” were participants positive for either of these
criteria.

Randomization and masking

Participants were initially randomized 1:1 to receive two
intramuscular injections of NVX-CoV2373 or placebo, 21
days apart. Approximately 6 months later, participants
underwent a blinded crossover/booster. Participants received
two injections 21 days apart (on Days 201 and 222): two
doses of NVX-CoV2373 for initial placebo recipients, or
one booster dose of NVX-CoV2373 and one dose of placebo
for initial NVX-CoV2373 recipients. Unblinded study per-
sonnel prepared and administered injections only; all other
staff and participants remained blinded to study-group
assignment.

Study objectives

The objectives during the crossover/booster period were: a) to
describe the immune response to NVX-CoV2373 primary
2-dose regimen plus booster vaccination (by anti-S IgG,
NAbs against wild-type SARS-CoV-2, and human angioten-
sin-converting enzyme 2 (hACE2) inhibition antibody
responses) in healthy HIV-negative participants and medically
stable PLWH, and stratified by baseline SARS-CoV-2 serosta-
tus; and b) to assess safety by evaluating all unsolicited adverse
events (AEs) through Day 236 (i.e., 35 days after the first
crossover/booster vaccination) and any AEs of special interest
(AESIs), serious AEs (SAEs), or related medically attended AEs
(MAAES). AESIs included potentially immune-mediated med-
ical conditions and AEs specific to COVID-19 (Table S1)
through the end of study. Immunogenicity and safety results
through Day 236 are reported here.



Procedures

Participants were enrolled from 17 August 2020 through
25 November 2020 at 16 sites in South Africa. Baseline
anti-S IgG antibodies were measured at study entry to deter-
mine baseline SARS-CoV-2 serostatus. Blood samples for
immunogenicity assessments were collected before vaccina-
tion (Day 0), immediately prior to second vaccination (Day
21), 14 days after the second vaccination (Day 35), at 3 and
6 months after the second vaccination, and at 2 weeks fol-
lowing post-crossover/booster vaccination (Day 236).
Immune responses were assessed by serum anti-S IgG anti-
bodies, wild-type SARS-CoV-2 NAb activity (microneutrali-
zation assay at an inhibitory concentration >50% [MNsg]),
and hACE2 receptor-binding inhibition (RBI) antibodies, as
previously described.'®

Statistical analyses

The safety analysis set included all participants who received at
least one dose of study drug, analyzed according to treatment
received. Numbers and percentages (with 95% CI) of partici-
pants with MAAEs, AESIs, or SAEs were analyzed for HIV-
negative participants and PLWH, and were stratified by base-
line SARS-CoV-2 serostatus.

The per-protocol immunogenicity (PP-IMM) analysis set
included participants who received both doses of study drug as
randomized, were negative for the hepatitis B/hepatitis C virus
at study entry, had at least a baseline and one post-treatment
serum sample result available after vaccination, and had no
major protocol violations that could impact immunogenicity
response at the corresponding study visit as assessed by the
sponsor prior to unblinding. For each visit, the SARS-CoV-2-
unexposed population excluded any illness episode with posi-
tive SARS-CoV-2 by any validated NAAT and/or antibody
test, if available, prior to each visit. Analysis was also per-
formed to assess if immune responses differed between SARS-
CoV-2-naive and -exposed individuals, and to determine
whether prior SARS-CoV-2 exposure alters dosing regimen
considerations in a pandemic response. The immunogenicity
analyses were also performed using the full analysis set
population.

For anti-S IgG, hACE2, and MNj, the geometric mean at
each study visit and the geometric mean fold rise (GMFR)
compared to baseline (Day 0) or beginning of crossover/boos-
ter (Day 201) were summarized by study vaccine group.
Immunogenicity values reported below the lower limit of
quantification were replaced with 0.5x the lower limit of
quantification. Missing values were not imputed.

Role of the funding source

Novavax, Inc. sponsored the study and had primary responsi-
bility for study design, protocol development, study monitor-
ing, data management, and statistical analyses. The Bill &
Melinda Gates Foundation provided partial financial support.
Investigational vaccine manufacturing support was provided
by the Coalition for Epidemic Preparedness Innovations.
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Results

A total of 3791 participants remained in the study at the time
of the 6-month (Day 201) blinded crossover/booster: 1896
from the initial active cohort (initially vaccinated with
a 2-dose primary series of NVX-CoV2373) were assigned to
receive a single booster dose of NVX-CoV2373 on Day 201
and a placebo dose on Day 222 (to maintain the blind) and
1895 from the initial placebo cohort were assigned to receive
a 2-dose primary series of NVX-CoV2373, 21 days apart, on
Days 201/222. Overall, this included 120 participants from the
initial active cohort and 113 participants from the initial pla-
cebo cohort who were medically stable PLWH.

Demographics

Demographic and baseline characteristics were well balanced
between the initial active and placebo cohorts, overall and by
HIV status.

Of 4408 participants in the full safety population, 4163
(94.4%) were HIV-negative. This cohort had a median age of
27.0 years (IQR: 23-36) and 4.4% were 65 years of age and
older. Most HIV-negative participants were male (2455/4163
[59.0%]) and Black (3953/4163 [95.0%]). Median baseline
body mass index (BMI) was 23.30 kg/m*; 19.2% of participants
had a BMI >30kg/m?, and 22.3% of participants had any
comorbid condition. At baseline, 65.8% of HIV-negative par-
ticipants were baseline seronegative.

For PLWH, the median age was 38.0 years (IQR: —31 to 46
years). Of 245 PLWH, most (73.1%) were female and 100%
were Black. Median baseline BMI was 26.60 kg/m?; 33.1% had
a BMI >30 kg/m”. Hypertension and diabetes were reported in
6.9% and 1.6% of PLWH, respectively, and 36.3% of partici-
pants had any comorbid condition. A negative baseline hepa-
titis B and hepatitis C status was reported, respectively, for
93.1% and 99.2% of PLWH. Median baseline CD4 level was
741.0 cells/uL (IQR: 539-943) and median baseline HIV viral
load was 63.0 copies/mL (IQR: 30-131). At baseline, 65.7% of
PLWH were baseline seronegative (Table 1, Figure 1).

Immunogenicity

Post-crossover/booster immunogenicity assessment was
affected by high rates of SARS-CoV-2 seropositivity due to
prior infection, as 930/1801 (51.6%) participants from the
active cohort and 1095/1809 (60.5%) participants from the
placebo cohort were either seropositive at baseline (study
start) or became seropositive during the pre-crossover/booster
phase of the study between Day 0 and Day 201 (300 from the
active cohort and 410 in the placebo cohort). To account for
this, serostatus was reset at Day 201 (crossover/booster seros-
tatus), with “Day 201-seronegative” indicating participants
who were both anti-N-negative through the first 3 months,
and SARS-CoV-2 NAAT-negative through Day 201; “Day
201-seropositive” were participants positive for either of
these criteria.

Although all crossover/booster participants were adminis-
tered randomized treatments, blood samples for post-
crossover/booster immunogenicity assessment on Day 236 (14
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Initial phase ‘

6350 people screened for eligibility (483 PLWH) |

(Madhi et al. 2022)

[4419 people randomized for initial period (246 PLWH)|

NVX-CoV2373 primary series

Placebo primary series

[ 2213 randomized to NVX-CoV2373 two-dose primary series (122 PLWH)| \

2206 randomized to placebo (124 PLWH) |

2211 received dose 1 (122 PLWH)
2140 received dose 2 (118 PLWH)

2197 received dose 1 (122 PLWH)
2120 received dose 2 (113 PLWH)

Crossover phase
(This manuscript)

A4

3793 participants
reconsented for crossover

NVX-CoV2373 primary series/

Placebo primary series/

NVX-CoV2373 booster

NVX-CoV2373 primary series

1900 Assigned to receive NVX-CoV2373 booster dose
and one dose of placebo (120 PLWH)

1893 Assigned to receive two-dose series of
NVX-CoV2373 (113 PLWH)

20 discontinued (1 PLWH)
Lost to follow-up: 11 (1 PLWH)
Physician decision: 1
Pregnancy: 2
Withdrawal by subject: 5 v

34 discontinued (0 PLWH)
Adverse event: 2
Lost to follow-up: 21
Pregnancy: 4
Study terminated by Sponsor: 1
v Withdrawal by subject: 5

Other: 1 1804 included in per-protocol
immunogenicity analyses
(100 PLWH)

1815 included in per-protocol Other: 1
immunogenicity analyses
(100 PLWH)

Figure 1. CONSORT diagram. Abbreviations: PLWH, people living with HIV.

days following second vaccination in those receiving primary
series during the crossover, and 35 days following booster vac-
cination in those receiving a single booster dose) were collected
from an immunogenicity subset of 3610 participants. In SARS-
CoV-2 baseline seronegative, active-cohort participants,
expected declines in serum anti-S IgG concentrations were
observed following the primary series (Day 35) over
a 6-month period until the time of the Day 201 booster
(30,593.8 EU/mL to 3610.2 EU/mL; Table S2; Figure S1). Thirty-
five days after the booster dose was administered (Day 236),
anti-S IgG concentrations in Day 201-seronegative participants
increased substantially to 109,311.0 EU/mL compared with
a pre-boost concentration of 3050.9 EU/mL (geometric mean
fold rise [GMFR]: 31.9). Boosted Day 201-seronegative HIV-
negative participants saw a GMFR of 32.1 from 3136.6 EU/mL
pre-boost to 114,155.6 EU/mL following the boost. Post-boost
values in this HIV-negative group were 3.6-times higher than
those at the corresponding Day 35 IgG concentrations observed
after primary vaccination (31,738.2 EU/mL). Day 201-serone-
gative HIV-negative participants from the placebo cohort who
received their primary series post-crossover/booster reached
anti-S IgG concentrations of 58,973.0 EU/mL at Day 236,
which was substantially higher than the 37,738.2 EU/mL
response achieved by the baseline seronegative/HIV-negative
group receiving their initial primary series during the pre-
crossover/booster period.

Of the 200 PLWH in the immunogenicity subset, 40 parti-
cipants from the active cohort and 23 participants from the
placebo cohort remained SARS-CoV-2-seronegative at the
time of the crossover/booster (Day 201-seronegative;

Table 1). In this subset, boosted participants had GMEUs
increase from 1710.9 EU/mL pre-boost to 51,768.6 EU/mL
post-boost (GMFR: 29.4), which was higher than the prior
peak observed on Day 35 (15,756.9 EU/mL; Table S2;
Figure S1).

Day 201-seronegative PLWH from the placebo cohort
who received their primary series post-crossover reached
an anti-S IgG concentration of 57,006.6 EU/mL, which was
essentially comparable to their Day 201-seronegative HIV-
negative counterparts (58,973.0 EU/mL), but were notably
higher than Day 35 values in baseline seronegative PLWH
who received their primary series during the initial pre-
crossover period (post-crossover PLWH 57,006.6 EU/mL vs
initial pre-crossover PLWH 15,756.9 EU/mL; Table S2;
Figure S1). In addition, the finding of similar concentrations
between Day 201-seronegative PLWH who received two
versus three total doses of active vaccine by Day 236 was
unique to Day 201-seronegative PLWH, and this pattern
was consistent for titers of NAbs to wild-type SARS-CoV-2
(1773.7 vs 1584.3; Table 2; Figure 2) and hACE2 RBI anti-
bodies (166.20 EU/mL wvs 153.68 EU/mL; Table S3;
Figure S2).

Overall, neutralization and hACE2 RBI measures showed
similar patterns to anti-S IgG. Declines for both titers in SARS-
CoV-2 baseline seronegative HIV-negative, active-cohort par-
ticipants were observed from the time of the primary series up
until the time of the crossover/booster for MN5, (720.1 to 70.3;
Table 2, Figure 2) and hACE2 RBI (86.6 EU/mL to 9.6 EU/mL;
Table S3; Figure S2). Two weeks after crossover/booster treat-
ments were administered (Day 236), titers increased robustly
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All Participants HIV-Negative Participants PLWH
NVX-CoV2373 Placebo Total NVX-CoV2373 Placebo Total NVX-CoV2373  Placebo Total
Parameter N=2211 N=2197 N = 4408 N =2089 N =2074 N=4163 N=122 N=123 N =245
Age (years)
Mean (SD) 31.9 (12.9) 32.1(13.1) 32.0 (13.0) 31.5(12.9) 31.8(13.2) 31.6 (13.1) 39.0 (9.9) 38.2(9.2) 38.6(9.6)
Median 28.0 28.0 28.0 27.0 27.0 27.0 38.0 38.0 38.0
Min, Max 18, 84 18, 83 18, 84 18, 84 18, 83 18, 84 20, 60 20, 59 20, 60
Age group
18 to 64 years 2119 (95.8) 2104 (95.8) 4223 (95.8) 1997 (95.6) 1981 (95.5) 3978 (95.6) 122 (100) 123 (100) 245 (100)
65 to 84 years 92 (4.2) 93 (4.2) 185 (4.2) 92 (4.4) 93 (4.5) 185 (4.4) 0 0 0
Sex
Male 1253 (56.7) 1268 (57.7) 2521(57.2) 1216 (58.2) 1239 (59.7) 2455 (59.0) 37 (30.3) 29 (23.6) 66 (26.9)
Female 958 (43.3) 929 (42.3) 1887 (42.8) 873 (41.8) 835 (40.3) 1708 (41.0) 85 (69.7) 94 (76.4) 179 (73.1)
Race
White 88 (4.0) 66 (3.0) 154 (3.5) 87 (4.2) 65 (3.1) 152 (3.7) 1(0.8) 1(0.8) 2(0.8)
Black or African American 2109 (95.4) 2089 (95.1) 4198 (95.2) 1987 (95.1) 1966 (94.8) 3953 (95.0) 122 (100) 123 (100) 245 (100)
Asian 28 (1.3) 27 (1.2) 55(1.2) 28 (1.3) 27 (1.3) 55(1.3) 0 0 0
American Indian or Alaska 2 (<0.1) 0 2 (<0.1) 2 (<0.1) 0 2 (<0.1) 0 0 0
Native
Native Hawaiian or Other 2 (<0.1) 1 (<0.1) 3 (<0.1) 2 (<0.1) 1 (<0.1) 3 (<0.1) 0 0 0
Pacific Islander
Other 40 (1.8) 50 (2.3) 90 (2.0) 40 (1.9) 50 (2.4) 90 (2.2) 0 0 0
Multiple 58 (2 38(1.7) 96 (2.2) 57 (2.7) 37(1.8) 94 (2.3) 1(0.8) 1(0.8) 2(0.8)
Not Reported 2 (<0.1) 2 (<0.1) 0 2 (<0.1) 2 (<0.1) 0 0 0
Ethnicity
Hispanic or Latino 37 (1.7) 35(1.6) 72 (1.6) 33 (1.6) 28 (1.4) 61 (1.5) 4(3.3) 7 (5.7) 11 (4.5)
Not Hispanic or Latino 2172 (98.2) 2160 (98.3) 4332 (98.3) 2054 (98.3) 2044 (98.6) 4098 (98.4) 118 (96.7) 116 (94.3) 234 (95.5)
Not Reported 2 (<0.1) 2 (<0.1) 4 (<0.1) 2 (<0.1) 2 (<0.1) 4 (<0.1) 0 0 0
Baseline BMI (kg/m?)
Mean (SD) 25.01 (5.8) 25.00 (5.9) 25.01 (5.8) 24.88 (5.7) 24.85 (5.9) 24.87 (5.8) 27.32 (6.2) 27.53 (5.9) 27.43 (6.1)
Median 23.50 23.50 23.50 23.30 2330 23.30 26.50 26.60 26.60
Min, Max 12.4, 40.5 16.6,91.3 124,913 12.4, 40.5 16.6,91.3 124,913 17.0, 40.4 18.2,419 17.0,41.9
Baseline BMI group (kg/m?)
30 or lower 1766 (79.9) 1763 (80.2) 3529 (80.1) 1684 (80.6) 1681 (81.8) 3365 (80.8) 82 (67.2) 82 (66.7) 164 (66.9)
Over 30 445 (20.1) 434 (19.8) 879 (19.9) 405 (19.4) 393 (18.9) 798 (19.2) 40 (32.8) 41 (33.3) 81 (33.1)
Participants with medical history reported for
Hypertension 137 (6.2) 131 (6.0) 268 (6.1) 129 (6.2) 122 (5.9) 251 (6.0) 8 (6.6) 9(7.3) 17 (6.9)
Diabetes 35(1.6) 41 (1.9 76 (1.7) 35(1.7) 37 (1.8) 72 (1.7) 0 4(33) 4 (1.6)
Participants with no medical 1533 (69.3) 1525 (69.4) 3058 (69.4) 1529 (73.2) 1522 (73.4) 3051 (73.3) 4(3.3) 3(2.4) 7 (2.9)
history reported
Baseline hepatitis B status
Negative 2173 (98.3) 2178 (99.1) 4351 (98.7) 2063 (98.8) 2060 (99.3) 4123 (99.0) 110 (90.2) 118 (95.9) 228 (93.1)
Positive 38 (1.7) 19 (0.9) 57 (1.3) 26 (1.2) 14 (0.7) 40 (1.0) 12 (9.8) 5(4.1) 17 (6.9)
Baseline hepatitis C status
Negative 2196 (99.3) 2177 (99.1) 4373 (99.2) 2076 (99.4) 2054 (99.0) 4130 (99.2) 120 (98.4) 123 (100) 243 (99.2)
Positive 14 (0.6) 20 (0.9) 34 (0.8) 12 (0.6) 20 (1.0) 32(0.8) 2(1.6) 0 2(0.8)
Missing, n 1 0 1 1 0 1 0 0 0
Comorbidity status
Yes 519 (23.5) 499 (22.7) 1018 (23.1) 474 (22.7) 455 (21.9) 929 (22.3) 45 (36.9) 44 (35.8) 89 (36.3)
No 1692 (76.5) 1698 (77.3) 3390 (76.9) 1615(77.3) 1619 (78.1) 3234 (77.7) 77 (63.1) 79 (64.2) 156 (63.7)
Baseline CD4 (cells/uL)
N 124 124 248 n/a n/a n/a 122 123 245
Mean (SD) 764.7 (315.83) 773.4 769.0 n/a n/a n/a 760.7 (316.91) 770.9 765.8
(307.44) (311.06) (307.42) (311.58)
Median 737.5 747.0 744.0 n/a n/a n/a 729.5 747.0 741.0
Min, Max 80, 2076 182, 1799 80, 2076 n/a n/a n/a 80, 2076 182, 1799 80, 2076
Baseline HIV viral load (copies/mL)
N 39 36 75 n/a n/a n/a 39 36 75
Mean (SD) 132.0 (167.38) 1104 121.7 n/a n/a n/a 132.0 (167.38) 1104 121.7
(129.45) (149.77) (129.45) (149.77)
Median 63.0 62.0 63.0 n/a n/a n/a 63.0 62.0 63.0
Min, Max 20, 735 20, 628 20, 735 n/a n/a n/a 20, 735 20, 628 20, 735
Day 0 PCR
Positive 63 (2.8) 63 (2.9) 126 (2.9) 59 (2.8) 60 (2.9) 119 (2.9) 4 (3.3) 3(24) 7 (2.9)
Negative 2148 (97.2) 2134 (97.1) 4282 (97.1) 2030 (97.2) 2014 (97.1) 4044 (97.1) 118 (96.7) 120 (97.6) 238 (97.1)
Day 0 SARS-CoV-2 serostatus
Positive 660 (29.9) 683 (31.1) 1343 (30.5) 619 (29.6) 643 (31.0) 1262 (30.3) 41 (33.6) 40 (32.5) 81 (33.1)
Negative 1533 (69.3) 1484 (67.5) 3017 (68.4) 1453 (69.6) 1403 (67.6) 2856 (68.6) 80 (65.6) 81(65.9) 161 (65.7)

(Continued)



6 V. SHINDE ET AL.

Table 1. (Continued).

All Participants HIV-Negative Participants PLWH
NVX-CoV2373 Placebo Total NVX-CoV2373 Placebo Total NVX-CoV2373  Placebo Total
Parameter N=2211 N=2197 N = 4408 N =2089 N =2074 N=4163 N=122 N=123 N =245
Indeterminate 18 (0.8) 30 (1.4) 48 (1.1) 17 (0.8) 28 (1.4) 45 (1.1) 1(0.8) 2 (1.6) 3(1.3)
Baseline serostatus
Positive 736 (33.3) 771 (35.1) 1507 (34.2) 693 (33.2) 730 (35.2) 1423 (34.2) 43 (35.2) 41 (33.3) 84 (34.3)
Negative 1475 (66.7) 1426 (64.9) 2901 (65.8) 1396 (66.8) 1344 (64.8) 2740 (65.8) 79 (64.8) 82 (66.7) 161 (65.7)
Day 201 SARS-CoV-2 serostatus (post-crossover safety analysis set)
Positive 632/1900 (33.3) 659/1893  1291/3793 590/1780 (33.1) 620/1780 1210/3560 42/120 (35.0) 39/113 81/233
(34.8) (34.0) (34.8) (34.0) (34.5) (34.8)
Negative 1268/1900 1234/1893  2502/3793 1190/1780 1160/1780 2350/3560 78/120 (65.0) 74/113 152/233
(66.7) (65.2) (66.0) (66.9) (65.2) (66.0) (65.5) (65.2)
Day 201 SARS-CoV-2 serostatus (from the post-crossover PP-IMM analysis set)
Day 201-seropositive 930/1801 (51.6) 1095/1809 2025/3610 869/1700 (51.1) 1019/1710 1888/3410 61/101 (60.4) 76/99 137/200
(60.5) (56.1) (59.6) (55.4) (76.8) (68.5)
Day 201-seronegative 871/1801 (48.4) 714/1809 1585/3610 831/1700 (48.9) 691/1710  1522/3410  40/101 (39.6) 23/99 63/200
(39.5) (43.9) (40.4) (44.6) (23.2) (31.5)

Abbreviations: BMI = body mass index; ELISA = enzyme-linked immunosorbent

assay; GMEU = geometric mean ELISA unit; HIV = human immunodeficiency virus;

19G = immunoglobulin G; Max = maximum; Min = minimum; n/a=not applicable; NAAT = nucleic acid amplification test; NVX-CoV2373 =5 pg SARS-CoV-2 rS
with 50 pg Matrix-M adjuvant; PCR = polymerase chain reaction; PLWH, people living with HIV; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2;
SARS-CoV-2 1S =severe acute respiratory syndrome coronavirus 2 recombinant spike protein nanoparticle vaccine; SD = standard deviation.

Day 0 PCR positive was defined as (+) PCR (NAAT) on Day 0 swab. Day 0 SARS-CoV-2 serostatus positive was defined as anti-S IgG antibody level detected by ELISA
using GMEUs on Day 0 serology. Baseline serostatus positive was defined by anti-S IgG antibody level detected by ELISA using GMEUs on Day 0 serology and/or (+)

PCR (NAAT) detected between Day 0 through Day 21.

Data are presented as number and percentage (n [%]) of participants unless stated otherwise.

The safety analysis set included all participants who received at least one dose of study drug, analyzed according to treatment received. For the post-crossover PP-IMM
analysis sets, “Day 201-seronegative” includes participants who were both anti-N-negative through the first 3 months, and SARS-CoV-2 NAAT-negative through Day
201; “Day 201-seropositive” participants were positive for either one of the aforementioned criteria.

compared to both the pre-boost and Day 35 titers recorded
after the primary series. In boosted Day 201-seronegative
HIV-negative participants, from Day 201 to Day 236, GMFR
for MNs, titers was ~58.3, increasing from 56.7 to 3876.5
(Table 2); and hACE2 RBI titers increased from 7.76 EU/mL
to 379.07 EU/mL (GMFR: 45.8; Table S3), for pre- to post-
boost. Post-boost titers were higher than Day 35 titers after the
initial primary series (MNsq: 5.4-times higher; hACE2 RBI:
4.4-times higher).

Day 201-seronegative HIV-negative participants from the
placebo cohort who received their primary series post-
crossover reached MNjs,, titers of 1432.8 and hACE2 RBI titers
of 210.57 EU/mL, which were substantially higher than the
corresponding baseline seronegative HIV-negative partici-
pants who received their primary series during the initial pre-
crossover period.

In boosted Day 201-seronegative PLWH, robust increases
in MN5s, (Table 2; Figure 2) and hACE2 RBI (Table S3; Figure
S2) titers were observed, much like anti-S IgG concentrations,
but again responses were reduced when compared with HIV-
negative participants. However, when examining responses
seen in boosted, Day 201-seropositive PLWH, this gap in
immunogenicity titers was generally eliminated vs Day 201-
seropositive HIV-negative participants (Day 236: IgG,
121,481.7 EU/mL vs 118,947.7 EU/mL; MNs, 3683.7 vs
3744.6; and hACE2 RBI, 399.87 EU/mL vs 359.07 EU/mL).

Antibody titers were notably different in participants who
were Day 201-seropositive compared with Day 201-seronega-
tive individuals at different time points throughout the study.
In HIV-negative baseline seropositive participants, anti-S IgG

concentrations (1751.9 EU/mL) were initially ~16-times
higher than their baseline seronegative counterparts (111.4
EU/mL) at Day 0 (Table S2). Two weeks following primary
vaccination, respective values (101,617.3 EU/mL vs 31,738.2
EU/mL) were ~3.2-times higher in the HIV-negative, baseline
seropositive versus seronegative populations. Day 0 responses
in baseline seropositive versus seronegative PLWH were
1852.9 EU/mL vs 118.4 EU/mL and had less of a difference
two weeks following primary vaccination at Day 35 (98,399.5
EU/mL vs 15,756.9 EU/mL). These Day 35 anti-S IgG concen-
trations in baseline seropositive HIV-negative participants
were comparable to those seen in Day 201-seronegative,
boosted HIV-negative participants (following three doses of
vaccine) at Day 236 (101,617.3 EU/mL vs 114,155.6 EU/mL),
but higher than in corresponding PLWH cohorts (98,399.5
EU/mL vs 51,768.6 EU/mL).

By Day 201 (approximately 6 months after the second
dose of the initial primary series on Day 21), anti-S IgG
concentrations in both the Day 201-seropositive (11,205.5
EU/mL) and Day 201-seronegative (3136.6 EU/mL) HIV-
negative cohorts (again, serostatus was reestablished at Day
201) were 9- and 10-times lower than peak levels observed at
Day 35 (101,617.3 EU/mL and 31,738.2 EU/mL, respectively;
Table S2). Similar patterns of antibody kinetics were seen in
corresponding PLWH cohorts. At Day 236, anti-S IgG con-
centrations were balanced across HIV-negative boosted Day
201-seropositive, primary-vaccinated Day 201-seropositive,
and boosted Day 201-seronegative participants (118,947.7
EU/mL, 123,757.4 EU/mL, and 114,155.6 EU/mL, respec-
tively) and notably greater than primary-vaccinated Day
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Figure 2. Neutralizing antibody activity to wild-type SARS-CoV-2 by study day (log scale). Levels of NAbs to wild-type SARS-CoV-2 (measured by the microneutralisation
assay) were assessed for all participants, hiv-negative participants only, and PLWH only, stratified by SARS-CoV-2 serostatus. GMTs with 95% Cl are shown; error bars
smaller than the size of the graphed symbol are not visible. Serostatus was assessed at baseline, and points from Day 0 to the first measurement of Day 201 on each
graph are based on baseline serostatus. On Day 201, serostatus was reassessed because some participants became seropositive during the pre-crossover phase. Points
on each graph from the second instance of Day 201 to Day 236 are based on this reassessed serostatus. The number of participants in each group is shown for each
time point below the graphs. Abbreviations: Cl, confidence interval; GMT, geometric mean titer; NAbs, neutralizing antibodies; PLWH, people living with HIV.

201-seronegative participants (58,973.7 EU/mL). Among
PLWH at Day 236, anti-S IgG concentrations were higher
amongst boosted Day 201-seropositive participants, fol-
lowed by primary-vaccinated Day 201-seropositive partici-
pants, and then followed by boosted Day 201-seronegative
or primary-vaccinated Day 201-seronegative participants
(121,481.7 EU/mL vs 83,231.4 EU/mL vs 51,768.6 EU/mL
vs 57,006.6 EU/mL).

The majority of the serostatus-related trends observed with
IgG were also observed in NAb activity (Table 2; Figure 2) and
hACE2 RBI (Table S3; Figure S2). One exception was that Day
201-seropositive participants (at 6 months) who received their
primary vaccination post-crossover attained higher titers at Day
236 than either the boosted Day 201-seropositive or Day 201-
seronegative participants for both NAb activity (MNs, 0of 3981.4 vs
3738.1 and 3711.7, respectively) and hACE2 RBI (GMT of 424.93
EU/mL vs 364.23 EU/mL and 362.31 EU/mL, respectively).

Safety

Post-crossover/booster, all unsolicited AEs were collected
between Day 201 and Day 236. Overall, unsolicited AEs in
this timeframe had comparable incidence in participants who

received a booster (227/1900 [11.9%]) or the primary series
(239/1893 [12.6%]; Table S4). Most events were mild or mod-
erate in severity; severe events were reported in 3/1900 (0.2%)
participants in the booster group and in 2/1893 (0.1%) parti-
cipants in the crossover/primary series group. Two partici-
pants in the booster group had severe events (injection-site
pain, erythema, and/or induration) that were considered
related to study vaccination. MAAEs were also reported with
a slightly higher frequency in participants receiving a booster
(7/1900 [0.4%]) vs primary series (2 [0.1%]). No events con-
sidered PIMMCs were reported, and AESI related to COVID-
19 were balanced between groups (4 [0.2%] participants in
each group, reporting events of ageusia and/or anosmia
only). SAEs were rare, occurring at a lower frequency in
participants receiving the booster (1/1900 [<0.1%]) versus the
primary series (4/1893 [0.2%]). The SAE in the booster reci-
pient was renal failure; events in the primary series group were
one event each of gunshot wound, pneumonia, rotator-cuff
syndrome, and abortion spontaneous. No SAEs were assessed
by investigators as related to study vaccine. Post-crossover
through Day 236, there was one discontinuation due to an
AE. This was one participant in the primary series group who
discontinued the study vaccine due to an AE.



Discussion

In this report, we describe the safety and immunogenicity of
a booster dose of NVX-CoV2373 in the context of a unique
phase 2a/b, randomized, observer-blinded, placebo-controlled
study, administered concurrently with another cohort receiv-
ing their initial primary series in a population of HIV-negative
participants and PLWH, with or without prior SARS-CoV-2
infection. Administration of a single booster dose of the vac-
cine approximately 6 months following the 2-dose primary
series resulted in enhanced immunogenicity versus those
only receiving their primary series but maintained
a comparable safety profile. However, the specific patterns of
booster vaccine-induced immune responses varied depending
on SARS-CoV-2 serostatus and HIV status.

As expected, in previously immunized baseline seronegative
HIV-negative participants, pre-boost anti-S IgG concentra-
tions at Day 201 (3136.6 EU/mL) had declined substantially
from the peak Day 35 concentrations (31,738.2 EU/mL) fol-
lowing the primary series. Antibody responses to a single
booster dose were robust, with anti-S IgG, MNs, and hACE2
RBI GMEFRs from Day 201 to Day 236 of 32.1, 58.3, and 45.8,
respectively; each of these Day 236 responses were also higher
than those at Day 35 (after the primary series). Data on the
immunogenicity of a homologous boost with NVX-CoV2373
was recently reported for an earlier Phase 2 trial in the US and
Australia in Mallory et al."> There, and in the present study,
anti-S IgG antibody levels in baseline seronegative subjects
declined similarly at approximately 6 months post-primary
series, as well as increased 3 weeks post-booster dose. Post-
booster responses in Mallory et al."* were also analyzed using
fit-for-purpose assays to assess anti-rS IgG and neutralizing
antibody activity against SARS-CoV-2 variants of concern
(VOCs), including the Omicron BA.1 subvariant. In that
study, over the same time frame, responses following the
booster showed approximately 61.1-fold (original Wuhan
strain) and approximately 73.4-fold (Omicron BA.1 subvar-
iant) increases in anti-rS IgG antibody activity when compared
to the 6-month pre-booster time point. In a separate investiga-
tion of pseudovirus NAD responses against Omicron subvar-
iants BA.1 and BA.4/BA.5, a subset of 48 Day 201-seronegative
HIV-negative participants from the present study demon-
strated a 35- and 12-fold increase, respectively, in post-boost
peak (Day 236) antibody responses compared to their post-
primary series peak (Day 35) responses. This represented
a restoration of neutralizing activity against BA.1 comparable
to levels achieved against the vaccine-homologous prototype
strain following the primary series.”® Notably, booster NAb
responses against BA.1 and BA.4/BA.5 were similarly high for
NVX-CoV2373 and BNT162 (Pfizer-BioNTech) mRNA vac-
cines, and both were substantially higher than the AD26.
COV.2 (Jansen) vaccine in that study,20 with both of the latter
vaccines having demonstrated notable protection against
severe disease from Omicron BA.1 even after only the primary
series in South Africa.”!

Among HIV-negative participants, the subset of SARS-CoV
-2-seropositive participants showed consistently higher titers
than their seronegative counterparts following receipt of NVX-
CoV2373 primary series (either during the pre- or post-
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crossover phases), demonstrating an incremental benefit of
hybrid immunity in the context of a primary vaccine series
(e.g., anti-S IgG concentrations of 101,617.3 EU/mL in base-
line seropositive vs 31,738.2 EU/mL in baseline seronegative
[during pre-crossover, Day 35]; and 123,757.4 EU/mL in Day
201-seropositive vs 58,973.0 EU/mL in Day 201-seronegative
[during post-crossover, Day 236], respectively). Like their
baseline seronegative counterparts, initial primary series-vac-
cinated seropositive participants saw a similar proportional
decline in antibody titers over 6 months. Following receipt of
the booster dose, Day 201-seropositive participant concentra-
tions appeared to “top oft” to levels comparable to their prior
post-primary series peak response (118,947.7 EU/mL post-
boost versus 101,617.3 EU/mL post-primary series) and nota-
bly were comparable to responses in boosted Day 201-serone-
gative participants (114,155.6 EU/mL). The observation that
three doses of vaccine in Day 201-seronegative participants
elicited a similar antibody response as either two or three doses
of vaccine in Day 201-seropositive participants, implies both
that a 3-dose series in seronegative participants can match
hybrid immunity in seropositive participants, and that once
hybrid immunity is established in seropositive participants,
there does not appear to be an incremental advantage (ie.,
an increase in amplitude of the homologous antibody
response) to hybrid immunity in the context of
a homologous booster.

For Day 201-seronegative participants receiving their pri-
mary series during the crossover, peak Day 236 antibody con-
centrations (58,973.0 EU/mL) were 1.9-times higher than the
corresponding peak Day 35 concentrations from Day 201-
seronegative participants vaccinated with the primary series
during the initial phase of the study (31,738.2 EU/mL). The
higher concentrations in post- versus pre-crossover primary
series recipients were achieved using vaccine manufactured by
a more advanced, late-stage large-scale production process (as
compared to early stage, small-scale material used in the initial
phase of the present study) and was similar to the vaccine used
in the US Phase 3 efficacy trial of NVX-CoV2373. Notably, the
antibody responses to the primary series in the crossover phase
of the present study were similar to those observed for the
primary series in the US/Mexico Phase 3 efficacy study in
which those titers were associated with a vaccine efficacy of
approximately 93% against contemporaneously circulating
variants of interest (VOI)/VOC (particularly the Alpha
variant)."®** Vaccine efficacy against the Beta variant (which
was predominantly circulating in South Africa during this
trial' may have been underestimated in the pre-crossover
phase due to the use of less fully developed vaccine material.
This is likely to have partially accounted for the lower efficacy
estimates observed in the initial pre-crossover phase of the
present study versus the high efficacy observed in the US/
Mexico Phase 3 study.”'®"’

We previously reported data from the initial pre-crossover
/booster phase of the present study that showed anti-S IgG and
NAD responses to NVX-CoV2373 that were reduced 2-fold in
baseline seronegative PLWH when compared to baseline ser-
onegative HIV-negative participants following the primary
series.'® However, again, in the post-crossover/booster phase
of the present study, with use of later stage vaccine, this
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difference was eliminated in participants first vaccinated post-
crossover (e.g., IgG concentrations were 57,006.6 EU/mL in
Day 201-seronegative PLWH vs 58,973.0 EU/mL in Day 201-
seronegative HIV-negative participants, at Day 236). This is
consistent with the hypothesis that this difference was due to
sensitivity of seronegative PLWH to the potency of original
vaccine material used in pre-crossover/booster period versus
an inherent difference in vaccine-induced immune response
related to underlying HIV status. Notably, this difference did
not exist between seropositive PLWH and seropositive HIV-
negative participants, either with the original material used
pre-crossover/booster, or with the later-stage vaccine used in
the post-crossover/booster period, suggesting a role for natural
priming in overcoming any potency limitations with the ori-
ginal vaccine used in the pre-crossover/booster period.
Interestingly, however, boosting with later-stage vaccine on
top of a primary series with the original vaccine in seronegative
PLWH resulted in a response that was only comparable to (and
not greater than) seronegative PLWH who received later stage
material for the first time as a primary series during the cross-
over, suggesting that while suboptimal priming by the original
vaccine in seronegative PLWH could be boosted, it could not
achieve levels exceeding those in seronegative PLWH primed
with more optimal later stage vaccine (in spite of the fewer
total doses in the latter). This pattern was not seen in HIV-
negative participants, with boosted Day 201-seronegative
HIV-negative participants achieving levels, as expected, nearly
double those observed in newly primed Day 201-seronegative
HIV-negative participants, suggesting a potential interaction
of HIV status (even in those with well-controlled HIV) with
the potency of an initial vaccine prime.

Due to high levels of SARS-CoV-2 infection in South Africa
throughout multiple waves of the COVID-19 pandemic and
during the follow-up period of this study, we observed a large
proportion of participants who achieved hybrid immunity dur-
ing the pre- and post-crossover/booster phases, with similarly
high levels of NAb responses induced following either
a primary series or booster dose of vaccine in previously
infected participants.'®** Hybrid immunity is increasingly the
most prevalent status of COVID-19-vaccinated populations
worldwide with the convergence of vaccination and boosters,
waning of vaccine-induced immunity, and ongoing emergence
of highly transmissible immune-escaped variants such as
Omicron and its sublineages. The benefits of hybrid immunity
relative to either vaccine-induced or natural immunity alone, in
both the pre-Omicron and Omicron periods has been demon-
strated across multiple studies, countries, and vaccine platforms
both in terms of the increase of protection against reinfection,
and notably, in the extension of the durability and breadth of
protection against emerging variants, including Omicron.***®
Although Omicron cross-neutralization studies of seropositive
primary series and booster recipients in this study are under-
way, the pattern of homologous virus neutralizing antibody
responses in seropositive participants, and the Omicron cross-
neutralization data in boosted seronegative participants from
this study reported in Bhiman et al.,** suggest that there is likely
to be strong restoration of cross-neutralizing antibody
responses against Omicron sublineages in primary series and
booster vaccinated seropositive participants.

The booster dose had a similar safety profile to the primary
series across serostatus and HIV status. Analysis of MAAEs,
PIMMC s, AESIs, SAEs, and AEs leading to discontinuation
found no consistent association with the booster.

Our study was subject to certain limitations. As these are
results from a phase 2a/b study, clinical efficacy of the booster
dose was not available for this report but will be reported on
separately (as will data related to cell-mediated immunity).
Additionally, most participants were aged 18-64 years and
there was a relatively small proportion of participants who
were >65 years of age. While we made every effort within the
limits of available and practical methods, to identify persons
who had SARS-CoV-2 infection by the time of the crossover
period, it is impossible to completely exclude all exposed parti-
cipants in the crossover seronegative population. Therefore, it is
possible that unidentified infections might have contributed to
some of the results. Cross-reactivity to VOC circulating at the
time of the study have been previously reported for a subset of
the total population;*® however, were not investigated in the
individual PLWH and HIV-negative cohorts at this time, but
may be included in a future report. Also, we enrolled PLWH
who we expected to be relatively immunocompetent, limiting
the general applicability of the results to PLWH who might not
be adequately managed on anti-retroviral therapy (ART).
A future report of a separate study will include outcomes in
PLWH with less well-controlled disease.

Overall, a single booster dose of NVX-CoV2373 adminis-
tered approximately 6 months after the primary series induced
a substantial increase in binding and neutralizing antibodies
higher than those seen after the 2-dose primary series at Day
35, while also displaying an acceptable safety profile. These
findings support the use of the vaccine in booster programs in
all adult populations, including PLWH.
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