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ABSTRACT

In this phase 4 study we assessed boosting with fractional doses of heterologous COVID-19 vaccines in
Brazilian adults primed with two doses of CoronaVac (Sinovac/Butantan, Sdo Paulo, Brazil) at least 4
months previously. Participants received either full-dose of ChAdOx1-S (Group 1, n = 232), a half dose of
ChAdOx1-S (Group 2, n =236), or a half dose of BNT162b2 (Group 3, n = 234). The primary objective was
to show 80% seroresponse rates (SRR) 28 d after vaccination measured as IgG antibodies against
a prototype SARS-CoV-2 spike-protein. Safety was assessed as solicited and unsolicited adverse events.
At baseline all participants were seropositive, with high 1gG titers overall. SRR at Day 28 were 34.3%,
27.1% and 71.2%, respectively, not meeting the primary objective of 80%, despite robust immune
responses in all three groups with geometric mean-fold rise (GMFR) in 1gG titers of 3.39, 2.99 and 7.42,
respectively. IgG immune responses with similar GMFR were also observed against SARS-CoV-2 variants,
Alpha, Beta, Delta, Gamma and D614G. In subsets (n = 35) of participants GMFR of neutralizing immune
responses against live prototype SARS-CoV-2 virus and Omicron BA.2 were similar to the IgG responses as
were pseudo-neutralizing responses against SARS-CoV-2 prototype and Omicron BA.4/5 variants. All
vaccinations were well tolerated with no vaccine-related serious adverse events and mainly transient
mild-to-moderate local and systemic reactogenicity. Heterologous boosting with full or half doses of
ChAdOx1-S or a half dose of BNT162b2 was safe and immunogenic in CoronaVac-primed adults, but
seroresponse rates were limited by high baseline immunity.
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Intr ion . . . . . .
troductio infection due to immune evasion by the new variants,” putting

Although the numbers of cases of COVID-19 appeared to be
declining steadily since 2021, new waves of infection due to
Omicron variants in 2022 illustrated the potential threat of
new outbreaks due to the emergence of new variants of SARS-
CoV-2." To move COVID-19 from a pandemic to an endemic
disease, the global population has to have substantial protec-
tive immunity following extensive immunization campaigns
and from widespread infection, giving hybrid immunity
against the newest strains to emerge. However, while immu-
nity to severe lower respiratory tract COVID-19 remains high,
immunity to infection in the upper respiratory tract with
successive emerging variants of the virus is limited as a result
of a combination of waning antibodies,” and lower efficacy of
postinfection immunity and the original vaccines against the
new variants.” The latter is due to the successive accumulation
of mutations in the spike protein (S-protein) of the new var-
iants which is the main antigenic target of most vaccines.* This
results in the original vaccines being less effective at preventing

at risk frail individuals or those with significant comorbidities,
just as with other respiratory viral infections in these cohorts.
Ideally, new vaccines would be developed that match current
and future variants, but as it is not possible to predict the next
variant it is necessary to maintain a high level of immunity
among the vulnerable. Current vaccines should be used to
boost vaccine-induced immunity, while at the same time
attempting to broaden the antibody response to minimize the
impact of vaccine evasion by emerging variants.

Heterologous booster vaccination has been shown to be effec-
tive in increasing vaccine-derived immunity as well as increasing
the breadth of the responses against new variants.®'° However,
booster vaccination campaigns may be hampered by restricted
availability and cost of COVID-19 vaccines leading to inequitable
distribution of the global supply resulting in low coverage rates in
many regions, including Southeast Asia'' and Africa.'” Similar
issues of restricted supply of other vaccines, particularly those
widely used in low- and middle-income countries, have resulted
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in the use of fractional doses of those vaccines as booster doses;
examples include inactivated poliovirus vaccine (IPV)," yellow
fever vaccine' and malaria vaccine.”” The present study was
performed to assess the potential of two different COVID-19
vaccines, ChAdOx1-S and BNT162b2, as heterologous boosters
in the Brazilian adult population following priming by two pri-
mary doses of the whole-virus inactivated COVID-19 vaccine,
CoronaVac. This included the use of half doses to explore the
potential of a fractional dose strategy to increase coverage with
COVID-19 vaccines as heterologous booster doses in previously
primed individuals.

Methods

This phase 4, single-blind, randomized, controlled trial was
performed in two centers (Centro de Pesquisas Clinicas de
Natal, Natal, and the Instituto Evandro Chagas, Belém) in
Brazil from March 18, 2022, to July 11, 2022. The protocol
was approved by the Oxford Tropical Research Ethics
Committee, Oxford University, UK, and by the Brazilian
National Ethical Committee. It was registered with the
ISRCTN registry with reference number 47,074,508. All parti-
cipants provided written informed consent. The trial was per-
formed as a part of FRACT-COV, a platform trial approach
supported by the Coalition for Epidemic Preparedness
Innovations (CEPI) intended to fill in gaps in clinical research
and to generate evidence to support pragmatic recommenda-
tions for COVID-19 vaccine use. The objectives were to ensure
that fractional doses of heterologous COVID-19 vaccines were
immunogenic and well tolerated in CoronaVac-primed adults.

Eligible participants were adults 18y of age or older who
had previously received two doses of CoronaVac (Sinovac/
Butantan) COVID-19 vaccine at least 4 months (120 d) before
enrollment in this study. Main inclusion criteria were will-
ingness and ability to comply with all study requirements
and willingness of female participants to practice continuous
contraception with an approved method for the duration of
the study. The major exclusion criteria were any indication of
acute illness on the day of enrollment, e.g., axillary tempera-
ture >37.5°C, any history of laboratory-confirmed COVID-19
infection within the previous 4 weeks, any history of an SAE or
allergic reaction to the previous COVID-19 vaccinations, or
any condition likely to affect the immune response either due
to a chronic clinical disorder or recent treatment with immu-
nosuppressive therapies. A full list of protocol-defined exclu-
sion criteria is included in Supplementary material. A data
safety monitoring board (DSMB) was convened from indepen-
dent vaccine experts to monitor any serious adverse events
(SAEs) and adverse events of special interest (AESIs) reported
during the trial and advise accordingly on any necessary mod-
ifications of the trial for safety reasons.

Study vaccines

The AstraZeneca/Fiocruz COVID-19 vaccine (ChAdOx1-S/
nCoV-19) is a recombinant replication-defective chimpanzee
adenovirus expressing a codon-optimized coding sequence for
spike protein (S-protein) from the SARS-CoV-2 genome
sequence accession MN908947 with a leading tissue plasminogen

activator (TPA) signal sequence. ChAdOx1-S was supplied in 10
dose vials stored at+2°C to+8°C. The standard dose of
ChAdOx1-S is 5 x 10" viral particles in 0.5 mL for intramuscular
administration; the fractional dose used in this study was 2.5 x

10" viral particles in 0.25 mL.

The Pfizer/BioNTech (BNT162b2) vaccine is a lipid nano-
particle-formulated, nucleoside-modified mRNA vaccine that
encodes trimerized full-length SARS-CoV-2 spike glycopro-
tein modified by two proline mutations to lock it in the pre-
fusion conformation and so more closely mimic the intact
virus. The vaccine RNA is formulated in lipid nanoparticles
(LNPs) for more efficient delivery into cells after intramuscu-
lar injection. BNT162b2 is supplied in vials with 6 doses per
vial stored at —70°C (+£10°C), with 0.9% sodium chloride
diluent for injection. The standard dose is 30 pug in 0.30 mL,
but the fractional dose used in this study was 15 pg contained
in 0.15 mL injection volume.

Procedures

After screening enrolled volunteers were randomized (1:1:1)
using a randomization algorithm in REDCap'® to three groups
with block sizes of 3, 6 or 9 to receive either a full dose of
ChAdOx1-S or half doses of either ChAdOx1-S or BNT162b2.
Randomization was stratified by site and participant-reported
prior COVID-19 infection status. Following a baseline blood
draw, study personnel administered the respective vaccine by
intramuscular injection in the deltoid of the non-dominant
arm and monitored the participant for 30 minutes. Subsets of
approximately half of the participants from each group were
requested to provide reactogenicity data. These participants
were supplied with a thermometer, ruler and 7-d paper or
electronic diary card soliciting local reactions (pain, redness
and swelling) and systemic adverse events (chills, headache,
fatigue, arthralgia, myalgia, nausea, loss of appetite, fever >
38.0°C), with severity (mild, moderate, severe, potentially life-
threatening). All participants were asked to report unsolicited
adverse events occurring up to 28 d after vaccination, which
were defined as being related or nonrelated based on causality
assessments. Any serious adverse event (SAE) or adverse
events of special interest (AESI) defined as a potential
immune-mediated disease, were to be reported immediately
to the investigator; SAEs the investigator considered to be
related to vaccination were reported to the DSMB within 24
hours of the study investigator or sponsor being made aware of
their occurrence.

Immunogenicity

Sera were prepared immediately from blood drawn on Days 0
and 28 and stored at —80°C. Aliquots were transported to the
Pharmaceutical Product Development Bioanalytical
Laboratory (PPD, Richmond, VA, USA) to assess immune
responses as IgG antibodies against the S-protein of prototype
SARS-CoV-2 and the Alpha (B.1.1.7), Beta (B.1.351), Delta
(B.1.617.2), Gamma (P.1) and D614G variants by multiplexed
electrochemiluminescence (ECL) immunoassay expressed as
arbitrary units (AU/mL).® Serum aliquots of a subset of 35
participants from each study group were also sent for



measurement of neutralizing antibody concentrations against
prototype SARS-CoV-2 and Omicron BA.2 variant by the UK
Health Security Agency (UKHSA) in a live neutralization
assay, and to Monogram Biosciences (South San Francisco,
CA, USA) to run the PhenoSense SARS-CoV-2 neutralizing
antibody assay for prototype SARS-CoV-2 and Omicron BA.4/
5 variant.

Statistics

The primary immunogenicity objective was to test the hypoth-
esis that a booster dose of either a full dose of ChAdOx1-S or
half doses of either ChAdOx1-S or BNT162b2 would provide
a seroresponse in at least 80% of participants. The serore-
sponse rate (SRR) was calculated as the total proportion of
each group that either demonstrated a fourfold or greater
increase in IgG antibody concentration from baseline at Day
28 in participants with a detectable baseline antibody titer or
had detectable antibody concentrations at Day 28 in those
participants without detectable antibodies at baseline. If there
were at least 200 evaluable participants per arm, the lower
bound of the 95% Clopper-Pearson confidence interval
would be above 80% for an SRR of 86% or higher. To allow
for loss to follow up, we used a conservative increase of 15% of
the sample size to 700 in total.

Geometric mean concentrations (GMC) of IgG or geo-
metric mean titers (GMT) of neutralizing antibodies and the
corresponding 95% confidence interval (95% CI) were calcu-
lated by back transformation of the arithmetic mean and its
95% CIs of the log transformed concentrations/titers.
Similarly, the geometric mean-fold rises (GMFR) from Day 0
to Day 28 and the corresponding 95% CI were calculated by
back transformation of the arithmetic mean and its 95% CIs of
the change from baseline in log-transformed concentrations/
titers. The incidence and associated 95% Clopper-Pearson CI
were calculated for solicited adverse events occurring during
days 0 to 7 following vaccination, all unsolicited adverse events
occurring in the first 28 d and SAEs and AESIs throughout the
duration of the trial.
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The immunogenicity analysis population included all ran-
domized participants who received a trial vaccination and
provided immunogenicity data. The safety analysis population
included all randomized participants who received a trial vac-
cination, and those who had at least one entry in a post-
vaccination diary were included in the reactogenicity analysis
population. All analyses were performed using R, version 4.2.0.

Results
Demographics

A total of 702 participants were enrolled from March 18, 2022,
until July 11, 2022, and randomly assigned to the three groups,
ChAdOx1-S full dose (n = 232), ChAdOx1-S half-dose (n =236)
and BNT162b2 half dose (n=234). The demographics of the
three groups were similar, with slightly more males (n =382;
54%) than females (n = 320; 46%), a median age of 29.2 y (range
18.5 to 80.3) and an approximate equal distribution of ethni-
cities described as white, black, mixed, or other (Table 1). All
participants had previously received two doses of CoronaVac
approximately 28 d apart with the last dose approximately 6
months (median of 216 d) previously and all were seropositive
at baseline, i.e., had detectable IgG antibodies against S-protein.
All but one of the enrolled participants (full-dose ChAdOx1-S)
received their assigned booster vaccination (Figure 1), and 637
provided both Day 0 and 28 sera, although 40 (6%) of these were
outside of the allowed time window of 42d for their Day 28
sample.

Safety and reactogenicity

All booster vaccinations were generally well tolerated, with six
SAEs reported (two SAEs in each group) and only one AESI up
to the data cutoff point (January 18, 2023). None of the SAEs
was considered causally related to the trial vaccines (Table 2).
The AESI was a case of COVID-19 with anosmia and ageusia as
symptoms which resolved completely in the half-dose
BNT162b2 group. Solicited local reactions were reported after

Table 1. Baseline demographics of the enrolled and randomized population.

ChAdOx1-S ChAdOx1-S BNT162b2
full dose half dose half dose
N= 232 236 234
Sex, n (%)
Female 105 (45.3) 106 (44.9) 109 (46.6)
Male 127 (54.7) 130 (55.1) 125 (53.4)
Age, years
Median (IQR) 29.7 (24.0, 38.4) 28.8 (23.6, 38.2) 28.8 (23.9, 36.8)
Ethnicity, n (%)
White 57 (24.6) 60 (25.4) 53 (22.6)
Black 60 (25.9) 58 (24.6) 58 (24.8)
Mixed 62 (26.7) 66 (28.0) 66 (28.2)
Asian 1(0.4) 0 1(0.4)
Indigenous 1(0.4) 1(0.4) 3(1.3)
Other 41 (17.7) 36 (15.3) 43 (18.4)
Unknown/Refused to answer 10 (4.3) 15 (6.4) 10 (4.3)
Body Mass Index, kg/m?
Median (IQR) 26.1 (22.6, 29.7) 26.3 (22.6, 31.2) 26.3 (23.1, 29.7)
Interval between 1st and 2nd COVID-19 vaccinations, days
Median (IQR) 28 (27, 30) 28 (28, 30) 28 (27, 31)
Interval between 2nd COVID-19 vaccination and randomization, days
Median (IQR) 215 (178, 261) 215 (176, 259) 219 (178, 253)
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Invited for
screening = 775

73 Excluded
* 45 Failed inclusion criteria

» 28 Did not attend screening

Enrolled and
randomized
=702

Half dose
ChAdOx1-S = 236

Full dose
ChAdOx1-S = 232

Half dose
BNT162b2 = 234

—| 1 withdrew consent |

| Vaccinated = 231 | | Vaccinated = 236

| | Vaccinated = 234 |

26 Lost to follow-up
1 discontinued

—| 22 Lost to follow-up |

—| 15 Lost to follow-up

Analysed for
immunogenicity
=204

Analysed for
immunogenicity
=214

Analysed for
immunogenicity
=219

Figure 1. Study flow chart.

Table 2. Solicited (reactogenicity subset) and unsolicited adverse events, SAEs and AESIs (full safety set).

ChAdOx1-S ChAdOx1-S BNT162b2
Adverse events full dose half dose half dose
n=101 n=105 n=114
Solicited adverse events, n (%)*
Local 52 (51.5) 40 (38.1) 48 (42.1)
Systemic 56 (55.4) 52 (49.5) 54 (47.4)
N=231 N=236 N=234
Unsolicited adverse events, n (%)°
Any 53 (22.9) 63 (26.7) 69 (29.5)
Related 10 (4.3) 8 (3.4) 8 (3.4
Severe (Grade 3) 3(1.3) 2(0.8) 2 (0.9
Related and severe 0 0 0
Serious adverse events (SAE), n (%)°
Any 2(0.9) 2(0.8) 2(0.9)
Related 0 0 0
Adverse event of special interest (AESI), n (%)°
0 0 1(1.0)

a: Solicited AEs in Days 0-7 after vaccination.

b: Unsolicited AEs up to Day 28 post-vaccination, SAEs and AESIs up to data cutoff.

51.5% of full doses of ChAdOx1-S and at lower rates after half
doses of ChAdOx1-S (38.1%) and BNT162b2 (42.1%) vaccines
(Table 2). Local reactogenicity was similar in the three groups
and, except for one case of moderate swelling after a half dose of
ChAdOx1-S, consisted entirely of mild-to-moderate self-resol-
ving injection site pain (Figure 2). Solicited systemic AEs were
reported at similar rates in all three groups (Table 2), the
majority being described as mild or moderate. The most fre-
quent systemic AEs were headache, myalgia and fatigue
(Figure 2). Participants reported unsolicited AEs more fre-
quently after a half-dose of BNT162b2 vaccine (29.5%) than
after full (22.9%) or half (26.7%) doses of ChAdOx1-S, but the
proportions with AEs considered to be related to vaccination
were low (3.4-4.3%) in all three groups. None of the infrequent
severe unsolicited AEs was considered to be related to
vaccination.

Primary objective

The endpoint for the primary immunogenicity objective was
the seroresponse rate against prototype SARS-CoV-2 virus at
Day 28. Rates were 34.3% (95% CI: 27.8, 41.3), 27.1% (21.3,
33.6) and 71.2% (64.7, 77.1) for full-dose ChAdOx1-S, half-
dose ChAdOx1-S and half-dose BNT162b2, respectively
(Table 3). None of the groups met the 80% SRR anticipated
in the study hypothesis. However, all three groups displayed
marked increases in GMCs of IgG antibodies at Day 28,
achieving GMCs greater than 100,000 AU/mL (Figure 3a),
with geometric mean-fold rises (GMFR) of 3.39, 2.99 and
7.42, respectively. As this response may have been affected by
the timing between booster vaccination and the post-booster
blood draw, we performed a sensitivity analysis excluding 40
participants who provided their second serum sample more
than 42d after vaccination. This had little effect on the
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Figure 2. Incidences rates of participants reporting solicited local and systemic adverse events by highest severity, in days 0-7 after vaccination in the three study
groups. One case of moderate swelling in the half-dose ChAdOx1 group is not shown.

observed seroresponse rates and GMFRs of 3.41, 3.05 and 7.73
after full-dose ChAdOx1-S, half-dose ChAdOx1-S and half-
dose BNT162b2, respectively (Supplementary Table S1).

The seroresponse was measured as an increase above the
pre-booster antibody concentration, which was much higher
than anticipated from previous studies presumably due to both
the previous vaccination with two doses of CoronaVac and
enhanced hybrid immunity following several waves of natural
exposure to circulating SARS-CoV-2 since the earlier measure-
ments. To further explore this relationship, the impact of
a self-reported history of COVID-19 infection on the
responses was assessed. There were no meaningful differences
observed in post-booster GMCs or GMFRs between those with
or without a self-reported history of COVID-19 infection
(Figure 3b, Supplementary Table S2).

All participants had baseline antibodies against spike pro-
tein due to vaccine priming or hybrid immunity. When

assessing individual responses, it appeared that in participants
with high antibody concentrations before booster vaccination
with full or half doses of ChAdOx1-S vaccine there was no or
little increase in concentration post-booster — evident as hor-
izontal lines between Days 0 and 28 in Figure 4 — while those
with low pre-booster concentrations displayed marked
increases. The effect was less evident in those who received
a half dose of BNT162b2, although some individuals in that
group did not show an increase.

These assessments of immune response were made using
the prototype SARS-CoV-2 virus which was the model
virus on which the two different vaccines were designed.
However, the current need is for booster vaccination to
enhance immunity against the new SARS-CoV-2 variants,
Alpha, Beta, Delta, Gamma, etc., which have emerged since
the beginning of the pandemic and successively replaced
the prototype virus with Omicron variants currently
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Table 3. Geometric mean concentrations (GMCs) at day 0 and 28 and geometric mean-fold rises (GMFRs) and seroresponse rates (SRRs)? for anti-spike

IgG antibodies against the prototype and five variant SARS-CoV-2 viruses

ChAdOx1-S ChAdOx1-S BNT162b2
full dose half dose half dose
Prototype virus Day 0 N=231 N=236 N=234
GMC AU/mL 32966 34111 31685
(95% Cl) (28927, 37569) (29948, 38853) (27475, 36542)
Day 28 N =204 N=214 N=219
GMC AU/mL 118348 104465 235395
(95% Cl) (109045, 128444) (95962, 113721) (215466, 257168)
GMFR 3.39 2,99 7.42
(95% Cl) (2.92, 3.94) (2,57, 3.48) (6.39, 8.60)
SRR 343 271 71.2
(95% Cl) (27.8,41.3) (21.3, 33.6) (64.7,77.1)
Alpha (B.1.1.7) Day 0 GMC AU/mL 31525 32252 29794
(95% Cl) (27657, 35935) (28260, 36809) (25884, 34294)
Day 28 GMC AU/mL 103369 91550 193286
(95% Cl) (95322, 112095) (84074, 99692) (176656, 211480)
GMFR 3.09 2,77 6.49
(95% Cl) (2.67, 3.59) (2.39,3.23) (5.61, 7.51)
SRR 29.9 25.2 60.7
(95% Cl) (23.7, 36.7) (19.6, 31.6) (53.9, 67.2)
Beta (B.1.351) Day 0 GMC AU/mL 26751 27009 24737
(95% Cl) (23440, 30529) (23660, 30831) (21341, 28672)
Day 28 GMC AU/mL 88241 78182 177004
(95% Cl) (81175, 95922) (71454, 85545) (161041, 194549)
GMFR 3.12 2.83 717
(95% Cl) (2.69, 3.63) (2.43,3.29) (6.15, 8.36)
SRR 29.4 271 65.3
(95% Cl) (23.3,36.2) (21.3, 33.6) (58.6, 71.6)
Delta (B.1.617.2) Day 0 GMC AU/mL 23338 23572 21781
(95% Cl) (20440, 26647) (20751, 26776) (18892, 25112)
Day 28 GMC AU/mL 82478 72092 184988
(95% Cl) (75904, 89622) (66130, 78592) (169370, 202046)
GMFR 3.32 3.01 8.56
(95% Cl) (2.85, 3.87) (2,59, 3.50) (7.35,9.97)
SRR 31.9 27.6 78.5
(95% Cl) (25.5, 38.7) (21.7,34.1) (725, 83.8)
Gamma (P.1) Day 0 GMC AU/mL 28963 29708 26894
(95% Cl) (25380, 33051) (26026, 33911) (23129, 31272)
Day 28 GMC AU/mL 105106 92524 209653
(95% Cl) (96237, 114793) (84587, 101206) (190385, 230871)
GMFR 3.44 3.03 7.80
(95% Cl) (2.96, 4.00) (2.61,3.52) (6.70, 9.08)
SRR 33.8 28.0 75.3
(95% Cl) (27.4, 40.8) (22.1, 34.6) (69.1, 80.9)
D614G Day 0 GMC AU/mL 38792 40009 37183
(95% Cl) (34054, 44188) (35203, 45470) (32279, 42831)
Day 28 GMC AU/mL 134873 119319 272820
(95% Cl) (124357, 146278) (109754, 129717) (250067, 297643)
GMFR 3.29 2,92 7.33
(95% Cl) (2.83,3.82) 2.51, 3.38) (6.33, 8.50)
SRR 32.8 26.6 70.3
(95% Cl) (26.4,39.7) (20.8, 33.1) (63.8, 76.3)

a: Seroresponse defined as > 4-fold increase in titer at day 28 compared with day 0 in those seropositive at baseline; or the presence of antibodies at day

28 in those who were seronegative at baseline.

b: Numbers of participants with available anti-spike IgG antibody data for the five variants are the same as those shown for the prototype virus.

predominating in circulation. As each new variant appears
to accumulate new mutations, principally in the S-protein,
the immune response has been found to become less effec-
tive against these variants. In this study cohort of
CoronaVac-primed adults, there was evidence of persisting
cross-immunity at baseline against each of the five variant
SARS-CoV-2 viruses tested (Figure 5). Following a full dose
of ChAdOx1-S as booster, there were increases in IgG
antibodies against each of the variants, with GMFR greater
than 3 in all cases. A half dose of ChAdOxI1-S elicited
similar responses, with GMFR ranging from 2.77 to 3.03
representing a marked increase in the immune response.
The half dose of BNT162b2 elicited a more robust response

against all five variants, with GMFR ranging from 6.49 to
8.56 and a higher range of GMCs at Day 28 than either
booster dose of ChAdOx1-S.

On evaluation of individual responses against the five var-
iants, as with those against the prototype SARS-CoV-2 virus, it
was apparent that participants with high IgG concentrations at
baseline had lower incremental responses to ChAdOx1-S
boosters than those who had low baseline concentrations, but
in the BNT162b2 group the trend to an increase in concentra-
tion after the booster was present in those with low or high
concentrations at baseline (Supplementary figure).

Small subsets (35 per groups) of each group were also tested
for antibodies against live prototype and Omicron SARS-CoV-
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Figure 3. Geometric mean concentrations (95% Cl) of anti-prototype spike IgG antibodies in the three study groups before and after vaccination. Values above columns
show geometric mean-fold rises (GMFR, with 95% Cl) from Day 0 to Day 28. Panel a shows all samples per group, Panel B shows segregation according to self-reported

history of prior COVID-19 infection at baseline.

2 viruses in neutralizing and pseudoneutralizing assays
(Table 4), the results of which confirmed the observations of
the IgG assays. Geometric mean-fold rises of neutralizing
activity against prototype virus were 4.18 and 3.22 after full-
and half-dose ChAdOx1-S boosters and 6.71 after the half-
dose of BNT162b2. In the pseudo-neutralization assay, these
factors were 4.13, 2.58 and 4.81, respectively. When assayed
against the Omicron variant, baseline neutralizing titers were
approximately ten-fold lower but rises after the booster doses
were comparable in magnitude to those observed against pro-
totype virus, so final titers were still lower. Baseline titers
against Omicron in the pseudo-neutralization assay were
about four-fold lower than against prototype and increased

after the various boosters were similar in magnitude to those
against prototype.

Discussion

The primary hypothesis of this study was that a full dose of
ChAdOx1-S or fractional booster doses of ChAdOx1-S or
BNT162b2 vaccines in CoronaVac-primed adults would elicit
seroresponse rates (SRR) of 80%, a similar response to that
observed in Brazilian adults who received a third dose of
CoronaVac.® In this study, baseline antibody levels were high
and none of the study groups achieved this level of response,
with SRR of 27.1% and 34.3% for half- and full-doses of
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Figure 4. Anti-spike IgG concentrations in the three study groups at Day 0 and 28, with lines between the two samples for each individual participant. Box plots

represent median and 25th and 75th percentiles.

ChAdOx1-S and 71.2% for half-dose BNT162b2. However, all
three groups had marked increases in IgG GMCs with GMFR
of approximately 3 in the ChAdOx1-S groups and 7 in the
BNT162b2 groups. Further, similar GMFRs were observed
against the five SARS-CoV-2 variants tested suggesting that
there was broad cross-reactive immunity induced against the
different variants.

The lack of an anticipated 80% seroresponse rate was prob-
ably due to the high baseline concentrations of neutralizing
activity which reflects the current real-world situation of
COVID-19 circulation: high background levels of population
immunity due to extensive immunization coverage and increas-
ing levels of hybrid immunity following natural exposure to
circulating SARS-CoV-2 viruses. The anticipated 80% serore-
sponse rate was based on previously observed responses to
homologous and heterologous booster doses in CoronaVac-
primed Brazilian adults measured in the same laboratory as in
the present study.® In that study, done in August 2021 prior to
the most recent two waves of COVID-19 in Brazil in January
and June 2022, the participants had low antibody concentra-
tions at baseline with anti-spike IgG GMCs ranging from 3745
to 4433 AU/mL across the four study groups. In our study,
despite a 6-month interval since their last vaccination, all parti-
cipants were seropositive at baseline as illustrated in Figure 4,
with anti-spike IgG GMCs above 31,000 AU/mL (range 31,685
to 34,111 AU/mL) in each of the three study groups. This is
approaching the GMC of 48,405 AU/mL achieved after
a homologous CoronaVac booster in the earlier study.® This
high pre-booster immunity makes it more difficult to achieve
the four-fold increase required to meet the protocol definition of
seroresponse. Those with low baseline titers responded well to
the booster vaccination, but those with high titers responded
less well. Although we attempted to eliminate hybrid immunity
by removing those with documented COVID-19 infections in
a sensitivity analysis, this had no effect on the results, suggesting
that high rates of undocumented infection had already occurred
in the population. In a population specifically selected to have

received a full primary series of two doses of CoronaVac many
infections may have been asymptomatic and would have natu-
rally boosted the primed immune background, resulting in the
high level of baseline immunity. It was notable that baseline
GMC:s in those with or without a history of COVID-19 infection
were similar, indicating that selection based on reported infec-
tion failed to really isolate those with previous infection.

In a similar study to ours, Fadlyana et al. found that both
the ChAdOx1-S and BNT162b2 vaccines used in the present
study were able to induce robust booster responses when
administered as full or half doses to CoronaVac-primed adults
in Indonesia.'® They observed lower responses in those who
had been primed less than 6 months previously when com-
pared with those primed 6-9 months previously, due to high
baseline levels. Furthermore, they noted that “boosting appears
to bring titers up to a certain level, irrespective of their baseline
starting point.” This correlates with our observations of little
or no response in those with high baseline antibody concen-
trations that were already at this “certain level” and could
explain why the final GMCs in the different study groups
were similar. As our population was primed only 6 months
before receiving the booster doses, the baseline antibody con-
centrations were probably too high to make an 80% response
rate biologically possible with these products.

Nonetheless, all groups achieved high levels of IgG antibo-
dies (GMCs of 118,348, 104465 and 235,935 AU/mL in full-
dose ChAdOxI1-S, half-dose ChAdOx1-S and half-dose
BNT162b2 groups, respectively) suggesting that the boosters
would have conferred additional protection against COVID-19
infection. Although these values were lower than those
achieved after heterologous boosting with full doses of
ChAdOx1-S (335213 AU/mL) and BNT162b2 (674267 AU/
mL) vaccines in the earlier study, they are higher than the
48,405 AU/mL achieved by a homologous CoronaVac booster
in that study.® What this means in terms of protection against
COVID-19 illness is unclear. The clinical efficacy of vaccina-
tion with current vaccines, and particularly the ChAdOx1-S
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Figure 5. Geometric mean concentrations (95% Cl) of anti-spike 1gG antibodies for the indicated SARS-CoV-2 variants in the three study groups before and after
vaccination. Values above columns show geometric mean-fold rises (GMFR) with 95% Cl) from Day 0 to Day 28.

and BNT162b2 vaccines used in the present study, was estab-  will be protective, but it is noteworthy that the booster
lished at a time when tested populations were immunologically responses in all three groups were similar against all five
naive to SARS-CoV-2, not having been previously vaccinated variants tested. The nature of the responses themselves may
or exposed to virus, especially not to the newly emerged also be different from those assessed in the original efficacy

variants which now predominate in global circulation.

19,20

trials due to the natural exposure component contributing to

The Omicron variant has been shown to partly evade the the hybrid immunity observed.

neutralizing activity elicited by BNT162b2,” so in the absence Other studies have demonstrated variable responses to frac-
of an accepted serologic correlation of protection for these tional doses of a variety of vaccines as primary immunizations;
vaccines, we cannot assume that the concentrations achieved they may lead to inferior efficacy compared with the full doses™'
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Table 4. Geometric mean neutralizing antibody titers (95% Cl) at Days 0 and 28, with geometric mean fold
rises (GMFR) in the three study groups measured by live neutralization and pseudo-neutralization assays

with the prototype and Omicron variant SARS-CoV-2 viruses.

ChAdOx1-S ChAdOx1-S BNT162b2
full dose half dose half dose
Live neutralizing antibodies
Prototype virus n=35 n=35 n=35
GMT NDs, Day 0 1286 1422 1284
(95% Cl) (849, 1948) (955, 2117) (950, 1735)
Day 28 5371 4582 8619
(4319, 6680) (3650, 5752) (7068, 10510)
GMFR 4.18 3.22 6.71
(95% CI) (2.52, 6.93) (2.08, 5.00) (5.00, 9.01)
Omicron n=35 n=35 n=35
GMT NDs, Day 0 106 142 118
(95% Cl) (74, 151) (101, 197) (79, 176)
Day 28 407 351 613
(305, 543) (287, 428) (480, 782)
GMFR 3.86 2.48 5.20
(95% Cl) (2.59, 5.75) (1.81,3.39) (3.52,7.67)
Pseudoneutralizing antibodies
Prototype virus n=35 n=35 n=35
GMT IDs, Day 0 706 862 844
(95% CI) (465, 1073) (581, 1279) (602, 1184)
Day 28 2921 2221 4064
(2239, 3811) (1702, 2899) (3101, 5325)
GMFR 4.13 2.58 4.81
(95% Cl) (2.52, 6.78) (1.65, 4.02) (3.51, 6.60)
Omicron n=35 n=35 n=35
GMT ID5, Day 0 181 254 199
(95% Cl) (111, 293) (173, 372) (129, 305)
Day 28 967 714 1384
(688, 1359) (516, 988) (947, 2022)
GMFR 5.35 2.81 6.96
(95% Cl) (3.48, 8.24) (1.92,4.11) (4.88,9.94)

or provide similar immune responses.”> However, low doses of
heterologous vaccines as booster doses generally lead to non-
inferior responses compared with homologous full doses,***°
including half doses administered intradermally.”’~*’

As alluded to above, the limitations of our study were the
short interval of 6 months between the last priming dose and
the booster, during which there were at least two surges of
infections in Brazil probably resulting in high levels of circu-
lating SARS-CoV-2 variants and so asymptomatic infections
and natural boosting. Both factors would lead to high levels of
antibodies at baseline which would limit the capacity to
observe the anticipated 80% seroresponse rate against this
background. However, the levels of antibodies achieved with
three-fold increases in GMCs after boosting with half doses of
ChAdOx1-S and BNT162b2 vaccines suggest that both would
have increased immunity in the participants such that they
would have more protection against new variants. Further, the
hybrid immunity due to the vaccine boosters and natural
exposure is likely to provide several months of protection
against new variants.”® However, we have only measured the
immediate response to these fractional booster doses, and their
effectiveness must also be monitored over the longer term with
follow-up monitoring to allow assessment of waning of the
induced antibodies and the cross-reactivity with any newly
emerging variants in the future.

In conclusion, despite eliciting marked increases in IgG
antibody concentrations against SARS-SoV-2 spike protein
fractional (half) doses of ChAdOx1-S and BNT162b2 vaccines
did not induce an 80% seroresponses in a population of adults
primed with two doses of the inactivated whole virus COVID-

19 vaccine, CoronaVac. This was likely due to high baseline
levels of hybrid immunity resulting from the combination of
the primary vaccination series and natural exposure to circu-
lating SARS-SoV-2 virus. Nonetheless, the responses achieved
suggest that protection would be extended by fractional boos-
ter doses of heterologous vaccines.
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