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Comparison of SARS-CoV-2 anti-spike receptor binding
domain IgG antibody responses after CoronaVac, BNT162b2,
ChAdOx1 COVID-19 vaccines, and a single booster dose:

a prospective, longitudinal population-based study

Burc Barin, Ulus Kasap, Ferda Selguk, Ender Volkan*, Ozge Ulugkan*

Summary

Background Vaccination is an efficient strategy to control the COVID-19 pandemic. In north Cyprus, vaccine
distribution started with CoronaVac followed by BNT162b2, and ChAdOx1 vaccines. An option to obtain a third
booster dose with BNT162b2 or CoronaVac was later offered to people fully inoculated with CoronaVac. There are few
simultaneous and comparative real-world antibody data for these three vaccines as well as boosters after CoronaVac
vaccination. Our study was aimed at evaluating antibody responses after these vaccination schemes.

Methods We did a prospective, longitudinal population-based study to measure SARS-CoV-2 anti-spike receptor
binding domain (RBD) IgG concentrations, assessed by assaying blood samples collected, in participants in north
Cyprus who had received the BNT162b2, ChAdOx1, or CoronaVac vaccine at 1 month and 3 months after the second
dose. Participants were recruited when they voluntarily came to the laboratory for testing after vaccination, solicited
from health-care access points, or from the general population. We also evaluated antibody responses 1 month after a
booster dose of BNT162b2 or CoronaVac after primary CoronaVac regimen. Demographics, baseline characteristics,
vaccination reactions, and percentage of antibody responders were collected by phone interviews or directly from the
laboratory summarised by vaccine and age group. Antibody levels were compared between groups over time by
parametric and non-parametric methods.

Findings Recruitment, follow-up, and data collection was done between March 1 and Sept 30, 2021. BNT162b2 induced the
highest seropositivity and anti-spike RBD IgG antibody titres, followed by ChAdOx1, and then by CoronaVac. In addition,
the rate of decline of antibodies was fastest with CoronaVac, followed by ChAdOx1, and then by BNT162b2. For the older
age group, the rate of seropositivity at 3 months after the second dose was 100% for BNT162b2, 90% for ChAdOx1, and
60% for CoronaVac. In the multivariate repeated measures model, lower antibody titres were also significantly associated
with male sex, older age, and time since vaccination. Boosting a two-dose CoronaVac regimen at 6 months with a single
BNT162b2 dose led to significantly increased titres of IgG compared with boosting with CoronaVac; for the 60 years and
older age group, the geometric mean fold rise in antibody titre after the booster relative to 1 month post-baseline was 7-9
(95% CI 5-8-10-8) in the BNT162b2 boost group versus 2-8 (1-6-5-0) in the CoronaVac group.

Interpretation These longitudinal data can help shape vaccination strategies. Given the low antibody titres and fast
decline in the CoronaVac group in individuals 60 years or older, more potent vaccine options could be considered as
the primary vaccination or booster dose in these high-risk populations to sustain antibody responses for longer.

Funding Crowdfunded in north Cyprus.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 4.0
license.

Introduction

SARS-CoV-2, the virus behind the COVID-19 pandemic,
has caused more than 5-5 million deaths by mid-
January 2022. Various vaccines are currently available,
aimed at controlling the COVID-19 pandemic. The most
commonly used vaccine types are mRNA (BNT162b2 and
mRNA-1273), adenoviral vector-based (ChAdOx1 nCoV-19,
Ad26.CoV2.S, and Gam-COVID-Vac) or inactivated virus
(CoronaVac and Sinopharm) vaccines. Several studies
have highlighted the differing efficacy of these vaccines.””
The BNT162b2 (from Pfizer and BioNTech) vaccine has
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shown a 95% efficacy, and ChAdOx1 (from the University
of Oxford and AstraZeneca) has shown a 70-4% efficacy
in phase 3 clinical trials.”” The European Medicines
Agency has approved both these vaccines for use against
COVID-19. For CoronaVac (from Sinovac), Turkey reported
an 83-5% efficacy® and Chile reported a 65-9% efficacy,
and WHO issued approval for this vaccine, estimating its
efficacy at 51%. Although these differences might be
attributable to different populations or variants circulating
in those regions at the time, more studies are needed to
establish the efficacy and length of protection by this

-

x ®

CrossMark

Lancet Microbe 2022;
3:e274-83

Published Online
February 9, 2022
https://doi.org/10.1016/
$2666-5247(21)00305-0

*Contributed equally

The Emmes Company,
Rockville, MD, USA

(B Barin MSc); Biochemistry
Laboratory, Etik Hospital,
Nicosia, Cyprus (U Kasap MSc);
Department of Neurology,
Dr Burhan Nalbantoglu State
Hospital, Nicosia, Cyprus

(F Selguk MD); Cyprus
International University,
Faculty of Pharmacy, Nicosia,
Cyprus (E Volkan PhD); Cyprus
International University,
Biotechnology Research
Centre, Nicosia, Cyprus

(E Volkan); Basel, Switzerland
(0 Ulugkan PhD)

Correspondence to:

0Ozge Ulugkan, Basel 4057,
Switzerland
ouluckan@gmail.com

e274


http://crossmark.crossref.org/dialog/?doi=10.1016/S2666-5247(21)00305-0&domain=pdf

Articles

e275

Research in context

Evidence before this study

The COVID-19 pandemic prompted scientific rigour in vaccine
discovery, followed by a fast rollout of several SARS-CoV-2
vaccines including BNT126b2 from Pfizer and BioNtech,
ChAdOx1 by AstraZeneca and The University of Oxford, and
CoronaVac by Sinovac, among others. Many phase 2 and 3
studies have shown different rates of reactogenicity and
efficacy for each vaccine. Although all vaccines led to varying
rates of seropositivity in different cohorts, and conferred
varying degrees of efficacy and protection, the timeline and
extent of seropositivity in real life conditions are unclear.
Additionally, WHO has recommended countries using
CoronaVac do their own assessments in older age groups,
because the data available were deemed insufficient.
Furthermore, concerns on waning vaccine immunity brought
along the prospect of vaccine boosts. BNT126b2 and ChAdOx1
third booster doses were shown to lead to efficient
neutralisation. However, as of September, 2021, the third
booster dose after primary vaccination with CoronaVac, and
choice of vaccine boosts, have not been addressed.
Considering the urgent global need for accessible vaccines and
need for long-lasting, efficient protection in the face of
SARS-CoV-2 variants, it is imperative to elucidate
immunogenicity both after same-vaccine and different-
vaccine boosters. NCBI was searched using key words such as
“COVID-19", “SARS-CoV-2", "COVID-19 vaccines”, “phase 1/2/3
trials”, and “anti-Spike IgG” between July and September,
2021, where primarily research articles in English were
considered.

Added value of this study

This study is the first prospective analysis comparing
antibody titres longitudinally among three different
SARS-CoV-2 vaccine types. Our study presents the real-life

vaccine in real-world settings. WHO recommended that
countries administering CoronaVac should implement
their own studies evaluating the immunogenicity and
efficacy of the vaccine in older age groups (>60 years).
During natural COVID-19 infection, antibodies act as
the first line of defence where their levels can be affected
by factors such as disease severity and comorbidities.®
Antibodies against the SARS-CoV-2 spike protein, and
particularly that of the receptor binding domain (RBD),
are thought to play an important role in priming the
immune response as well as neutralising the virus.’
Particularly because the virus keeps spreading and
evolving, various variants are expected to emerge with
an ability to evade immune responses.”" Studies have
highlighted the importance of high spike antibody titres
in mounting a protective immune response against
SARS-CoV-2 infection.” Studies also show that the
occurrence of breakthrough infections correlates with
spike RBD IgG antibody titres, further emphasising the
direct relevance of antibody titres for protection against

data of longitudinal SARS-CoV-2 anti-spike receptor binding
domain (RBD) IgG titres upon vaccination with three different
vaccine types, the mRNA-based BNT126b2, the adenoviral
vector-based ChAdOx1, and the inactive virus vaccine
CoronaVac. Our data present significant differences in 1gG
titres among vaccines, where a decrease in IgG titres was
observed over time for all. However, the reduction in IgG
titres and seroreversion was the most prominent for the
CoronaVac vaccine, which also had the lowest IgG titres at the
initial timepoint. Our data, for the first time, reveal real-life
immunostimulatory effects associated with third booster
vaccine doses; following a primary CoronaVac vaccination
with either a third, single dose of CoronaVac or of BNT126b2.
Immune stimulation, as established by SARS-CoV-2
anti-spike RBD IgG titres, was the highest when primary
two-dose CoronaVac was boosted with BNT126b2

for the older age group.

Implications of all the available evidence

As vaccination programmes ramp up globally, there is an
increased need for longitudinal data on vaccine immunogenicity,
third doses, and mixing vaccines. Our study suggests that
although IgG titres stimulated by all tested vaccines reduce

over time, CoronaVac-induced IgG titres for older age groups
(=60 years) start lower and are markedly reduced over time,

with 60% seropositivity observed at 3 months of follow-up.
Here, we present compelling real-life evidence suggesting that
the mixing and matching of vaccine doses, in particular a primary
vaccination with full dose CoronaVac followed by a BNT126b2
booster, leads to high titres of SARS-CoV-2 anti-spike RBD IgG.
Our results suggest that a booster dose with BNT126b2 in
individuals fully vaccinated with CoronaVac could provide
increased immune stimulation that could translate to a more
robust immune response and protection.

SARS-CoV-2 infection.” Furthermore, it is unclear how
long the immune response of the different vaccines
will last, and whether additional dose(s) will need to be
administered to boost the efficacy of available vaccines.
As of September 2021 (time of writing), booster doses for
all vaccines have been initiated worldwide where vaccines
are available, 4-6 months after the second dose.

Although the first waves of the pandemic were managed
well in north Cyprus,* the new waves are causing higher
case numbers and affecting the health-care system.
Sequencing to establish variants of concern is not frequently
done because of cost and inadequate infrastructure,*
making it difficult to attribute the cases to different variants.
Although the efficacy of all vaccines appears to be reduced
against the delta (B.1.6172) and omicron (B.1.1.529) variants,
BNT162b2, ChAdOx1, and others have shown high
protection against COVID-19-related admissions to hospital
and deaths.”

Vaccination in north Cyprus started with CoronaVac
being offered to those older than 65 years and health-care
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workers, followed by BNT162b2 in those older than
65 years and ChAdOx1 in the 55-65 year group, with a
subsequent expansion to younger age groups. Later,
north Cyprus began administering a single booster dose
of BNT162b2 to health-care workers and people older
than 60 years who were originally fully vaccinated with
CoronaVac. During this period, some individuals chose
CoronaVac as their third dose, mostly because of a
preconceived fear of novel technology as well as a fear of
mixing vaccine technologies.

We investigated the longitudinal anti-spike RBD IgG
antibody responses after vaccination with CoronaVac,
BNT162b2, and ChAdOx1, as well as the effect of a third
booster dose with BNT162b2 or CoronaVac after a full
regimen of CoronaVac, with the aim of evaluating the
titre and duration of antibody responses elicited by each
vaccination scheme. To the best of our knowledge, this
is the first study to prospectively and comparatively
analyse the anti-spike RBD IgG antibody titres in an
inactive (CoronaVac), an mRNA-based (BNT162b2), and
an adenoviral vector-based (ChAdOx1) vaccine, in
addition to evaluating a full dose of CoronaVac boosted
at 6 months with BNT162b2 or CoronaVac, taking
into consideration various baseline health variables
including age, sex, body-mass index (BMI), and chronic
diseases.

Methods

Study design and participants

We aimed to do a prospective, longitudinal population-
based study to examine SARS-CoV-2 anti-spike RBD
IgG concentrations after BNT162b2, ChAdOx1, and
CoronaVac vaccines or after a booster dose, done in
north Cyprus. At the time we planned the study, the
vaccination plan for north Cyprus was not finalised and
there was little information regarding which vaccines
would be administered over time because this was
heavily dependent on vaccine availability, regional and
country allocations, and logistics. Because of anticipated
varied immune responses in older (=60 years) versus
younger (<60 years) age populations, we planned to
recruit participants (approximately 100, depending on
availability) from each of these age groups per primary
vaccine type who had received two doses of each vaccine
for the main cohort. Primary assessments were targeted
for 1 month and 3 month timepoints after the second
dose of each vaccine. The time interval between the
two doses of vaccine was 4 weeks for CoronaVac, 3 weeks
for BNT162b2, and 12 weeks for ChAdOx1.

We also evaluated these cohorts: a subset of participants
who initially received two doses of CoronaVac that were
subsequently (approximately 6 months after the first
dose) offered BNT162b2 or CoronaVac as a booster, and
evaluated at 1 month post-booster; and an independent
small reference group of participants who recovered
from COVID-19 in the past 3 months and who had not
received any vaccines.
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The primary methods for recruitment were inviting the
participants who voluntarily came to the laboratory for
antibody testing after vaccination, and soliciting study
participants from particular vaccine and age groups at
health-care access points (public and private hospitals
and laboratories) or from the general population via word
of mouth. All participants provided informed consent
acknowledging voluntary participation, an option to
withdraw from study anytime, and the confidentiality
of their antibody results and responses to the survey
administered to obtain information on participant
characteristics and reported vaccine reactions. The study
has been approved by the Dr Burhan Nalbantoglu State
Hospital Ethics Committee in Nicosia, Cyprus.

Procedures

Blood collection was done between March and
September, 2021, in two centres (Etik Hospital, Nicosia,
Cyprus, and Diinya IVF Clinic, Kyrenia, Cyprus) and two
private laboratories (Mikrolab, Nicosia, Cyprus, and
Duolab, Kyrenia, Cyprus), and in a small proportion (n=14)
it was implemented via home visits to a different region
(Famagusta, Cyprus) to increase the regional diversity of
the samples. Anti-SARS-CoV-2 spike RBD IgG was then
measured. The samples were primarily analysed at Etik
Hospital biochemistry laboratory, with a smaller subset of
the samples (n=26) analysed at Microlab and Duolab that
used the same method, kit, and device, and whose results
were cross-verified against Etik Hospital’s laboratory results
using identical samples at study start. At study start, the
assay VIDAS SARS-CoV-2 IgG (Biomerieux, Lyon, France)
had European CE marking and US emergency use
authorisation from the US Food and Drug Administration.
Per the assay’s recommended definition, the positive anti-
spike RBD IgG response in the study was defined as a test
value of 1-0 index or more, and the reported assay specificity
was 99-9% (from the package insert). Assays were run on
VIDAS Mini Vidas Blue System.

Telephone calls were made by the members of our
team (authors and acknowledged members) to do a
survey and obtain information on demographics,
baseline characteristics, and vaccine reactogenicity
between March and September, 2021. Telephone calls
were made upon completion of both vaccine doses for
the BNT162b2 and CoronaVac groups. Because of the
greater spread between the two vaccine doses of ChAdOx1
in north Cyprus (12 week interval), survey details for this
group were obtained after the first vaccine dose.

Statistical analysis

Primary outcomes were the percentage and magnitude of
SARS-CoV-2 anti-spike RBD IgG antibody responses post-
vaccination over time by vaccine and age group, and the
secondary outcome was vaccine reactogenicity. Varying
vaccine administration policy over time was controlled for
by recruiting to and analysing the three main vaccine
groups in both age groups of younger than 60 years and

€276



Articles

BNT162b2 ChAdOx1 CoronaVac
Age <60years  Age=60years  All Age <60years  Age=60years All Age <60years  Age=60years Al
(n=24) (n=82) (n=106) (n=31) (n=25) (n=56) (n=95) (n=127) (n=222)
Female 11 (45-8%) 43 (52-4%) 54 (50-9%) 19 (61:3%) 13 (52:0%) 32 (57-1%) 65 (68-4%) 79 (62:2%) 144 (64-9%)
Male 13 (54-2%) 39 (47-6%) 52 (49-1%) 12 (38-7%) 12 (48-0%) 24 (42:9%) 30 (31:6%) 48 (37-8%) 78 (35:1%)
Age, years 425 70-0 680 56-0 620 59-0 380 700 635
(39:0-485) (66-0-74-0) (62-0-73-0) (50-0-57-0) (61:0-63-0) (55-0-62-0) (30:0-46-0) (65-0-75-0) (41-0-71-0)
Body-mass index 24.5 273 26-8 273 267 270 24-8 277 26-4
(21-2-28-6) (25:3-31:0) (24-2-30-4) (23-2-312) (25-4-285) (24-5-29-4) (22:2-275) (247-30-4) (237-29-4)
Health-care worker 4(16:7%) 2 (2-4%) 6 (5-7%) 0 0 0 72 (75-8%) 10 (7-9%) 82 (36-9%)
Blood type
0 8(33:3%) 31(37-8%) 39 (36-8%) 11 (35:5%) 2 (8:0%) 13 (232%) 34 (35-8%) 6 (28:3%) 70 (31:5%)
A 12 (50-0%) 34 (41:5%) 46 (43-4%) 12 (38:7%) 14 (56-0%) 26 (46-4%) 0 (42:1%) 2 (48-8%) 102 (45-9%)
B 1(42%) 11 (13-4%) 12 (11:3%) 5(16:1%) 3(12:0%) 8 (14-3%) 2 (12:6%) 14 (11-0%) 26 (11-7%)
AB 3(12:5%) 6 (7:3%) 9(8:5%) 3(9-7%) 3(12:0%) 6 (10-7%) 8 (8-4%) 8 (6:3%) 16 (7:2%)
Unknown 0 0 0 0 3(12:0%) 3(5-4%) 1(11%) 7 (5:5%) 8 (3-6%)
Positive blood Rhesus factor 20 (833%) 74 (90-2%) 94 (88:7%) 30 (96-8%) 22 (88:0%) 52 (92-9%) 89 (93-7%) 111 (87-4%) 200 (90-1%)
Chronic disease 9 (37:5%) 66 (80-5%) 75 (70-8%) 20 (64-5%) 15 (60-0%) 35 (62:5%) 35(36-8%) 101 (79-5%) 136 (61-3%)
Autoimmune disease 3(12:5%) 22 (26-8%) 25 (23-6%) 10 (32:3%) 5(20-0%) 15 (26-8%) 14 (14-7%) 36 (28:3%) 50 (22:5%)
Thyroid disease 2(83%) 17 (20.7%) 19 (17-9%) 9 (29-0%) 4(16:0%) 13 (232%) 11 (11-6%) 33 (26-0%) 44(19-8%)
Arthritis 0 4(4-9%) 4(3-8%) 1(3:2%) 0 1(1-8%) 1(11%) 1(0-8%) 2(0-9%)
Cardiovascular disease 0 24 (29-3%) 24 (22:6%) 3(97%) 8(32:0%) 11 (19-6%) 3(3:2%) 44 (34-6%) 7 (21-:2%)
Hypertension 3(12:5%) 42 (512%) 45 (42:5%) 9(29:0%) 8 (32:0%) 17 (30-4%) 11 (11-6%) 64 (50-4%) 75 (33-8%)
Chronic obstructive 1(4-2%) 4(4-9%) 5(47%) 4(12-9%) 1(4-0%) 5(8:9%) 2 (2:1%) 4(31%) 6 (2:7%)
pulmonary disease
Chronic kidney disease 0 4 (4-9%) 4(3-8%) 0 0 1(11%) 1(0-8%) 2(0:9%)
Diabetes 2(8:3%) 22 (26-8%) 24 (22:6%) 3(9:7%) 3(12:0%) 6 (10-7%) 8 (8-4%) 40 (31-5%) 48 (21-6%)
Cancer 1(4-2%) 3(37%) 4(3-8%) 2(8:0%) 2(3:6%) 1(1-1%) 4(31%) 5(2:3%)
Use of immunosuppression, 0 0 0 1(4-0%) 1(1-8%) 2 (2:1%) 3(2:4%) 5(2:3%)
chemotherapy, or
corticosteroids
Thalassaemia 0 0 0 0 0 0 6 (6:3%) 0 6(2:7%)
Allergies 6 (25-0%) 8 (9-8%) 14 (13-2%) 5 (16-1%) 5 (20-0%) 10 (17-9%) 8 (8-4%) 21 (16:5%) 29 (13-1%)
Pregnancy 0 0 0 0 0 0 0 0 0
Smoker 4(167%) 11 (13-4%) 15 (14-2%) 9(29-0%) 8 (32:0%) 17 (30-4%) 36 (37-9%) 8 (6:3%) 44 (19-8%)
Physical health
Fair 9 (11-0%) 9 (8:5%) 5(16-1%) 4(16:0%) 9 (16-1%) 5(53%) 11(8-7%) 16 (7-2%)
Good 6 (25-0%) 43 (52-4%) 49 (462%) 16 (51-6%) 11 (44-0%) 27 (48-2%) 38 (40-0%) 71 (55-9%) 109 (49-1%)
Very good 15 (62:5%) 16 (19-5%) 31(292%) 8 (25-8%) 9 (36-0%) 17 (30-4%) 27 (28-4%) 39 (30:7%) 66 (29:7%)
Excellent 3(12:5%) 7(85%) 10 (9-4%) 2(6:5%) 1(4-0%) 3 (54%) 3(32%) 2 (1-6%) 5(2:3%)
Mental health
Fair 1(4-2%) 6 (7:3%) 7 (6-6%) 1(3-2%) 0 1(1-8%) 1(1:1%) 3 (2:4%) 4(1-8%)
Good 6 (25-0%) 21 (25-6%) 27 (25:5%) 12 (38:7%) 9 (36:0%) 21 (37-5%) 23 (24-2%) 42 (33-1%) 65 (29-3%)
Very good 9 (37-5%) 28 (34-1%) 37 (34-9%) 12 (38:7%) 14 (56-0%) 26 (46-4%) 33 (34:7%) 56 (44-1%) 89 (40-1%)
Excellent 8 (33:3%) 20 (24-4%) 28 (26-4%) 6 (19-4%) 2 (8:0%) 8 (14-3%) 16 (16-8%) 22 (17:3%) 38 (17:1%)

Data presented as n (%) or median (IQR).

Table 1: Demographics and baseline characteristics by vaccine and age groups

e277

60 years or older. Demographics, baseline characteristics,
and vaccination reactions were summarised in a
descriptive manner by vaccine and age groups. The
percentage of antibody responders were summarised by
vaccine, age group, and blood collection and testing
timepoint. Antibody concentrations were evaluated using
both parametric and non-parametric methods. Participants

who reported to be on chemotherapy, corticosteroids, or
immunosuppression (n=6) were removed from the
antibody analyses, and participants who were diagnosed
with COVID-19 by PCR testing during the study were
censored after the time of diagnosis (n=3 with no 3 month
testing after COVID-19 diagnosis). The overall comparison
of antibody concentrations between vaccine groups was

www.thelancet.com/microbe Vol 3 April 2022



Articles

BNT162b2 ChAdOx1 CoronaVac
Age <60years  Age =60 years All Age <60 years Age =60 years All Age <60 years Age =60 years All
(n=24) (n=82) (n=106) (n=31) (n=25) (n=56) (n=95) (n=127) (n=222)
Any reaction 22 (91.7%) 60 (73:2%) 82 (77-4%) 31 (100:0%) 22 (88-0%) 53(94-6%) 62 (65-3%) 49 (38:6%) 111 (50-0%)
Local reaction 21(87-5%) 45 (54-9%) 66 (62:3%%) 26 (83:9%) 20 (80-0%) 46 (821%) 48 (50-5%) 24 (18-9%) 72 (32:4%)
Pain 19 (79-2%) 9 (47-6%) 58 (54:7%) 24.(77-4%) 20 (80-0%) 44, (78-6%) 46 (48-4%) 21 (16-5%) 67 (30-2%)
Induration 9 (37-5%) 4 (17-1%) 23 (21-7%) 11 (35:5%) 7 (28:0%) 18 (32-1%) 10 (10:5%) 6 (10-5%) 16 (7-2%)
Redness 2(8:3%) 6 (7:3%) 8 (75%) 1(3-2%) 2 (8:0%) 3 (5-4%) 2 (2:1%) 1(0-8%) 3 (1-4%)
Systemic reaction 14 (58-3%) 34 (41:5%) 48 (453%) 30 (96-8%) 20 (80-0%) 50 (89-3%) 34 (41:5%) 34 (26-8%) 68 (30-6%)
Malaise 9 (37-5%) 4 (29-3%) 33 (311%) 26 (83:9%) 14 (56-0%) 40 (71-4%) 21(22-1%) 15 (11-8%) 36 (16:2%)
Headache 6 (25-0%) 4 (17-1%) 20 (18-9%) 22 (71-0%) 13 (52:0%) 35 (62:5%) 21(22-1%) 14 (11-0%) 35 (15-8%)
Myalgia 7 (29-2%) 12 (14-6%) 19 (17-9%) 22 (71-0%) 11 (44-0%) 33(58-9%) 9(9:5%) 2 (1-6%) 11 (5-0%)
Joint pain 5(20-8%) 7 (8:5%) 12 (11:3%) 20 (64-5%) 11 (44-0%) 31 (55-4%) 8(8-4%) 2 (1-6%) 10 (4-5%)
Feverand shivering 4 (16:7%) 9 (11-0%) 13 (12-3%) 20 (64-5%) 9 (36-0%) 29 (51-8%) 4(4-2%) 6 (47%) 10 (4-5%)
Shivering 4(16:7%) 7(8:5%) 11 (10-4%) 6 (51-6%) 9(36-0%) 25 (44-6%) 4(42%) 6 (4-7%) 10 (4-5%)
Fever 1(4-2%) 5(6-1%) 6 (5-7%) 14 (45-2%) 6 (24-0%) 20 (35:7%) 1(1-1%) 0 1(0-5%)
Nausea 1(4-2%) 7 (8:5%) 8 (7:5%) 8 (25-8%) 5 (20:0%) 13 (23-2%) 5 (5:3%) 3 (2:4%) 8 (3-6%)
Vomiting 0 0 0 2 (6:5%) 0 2 (3-6%) 4 (42%) 1(0-8%) 5 (2:3%)
Dizziness 2(83%) 3(37%) 5(47%) 6 (19-4%) 4 (16-0%) 10 (17-9%) 4 (4-2%) 4(3-1%) 8 (3:6%)
Diarrhoea 0 1(12%) 1(0:9%) 2 (6:5%) 2(8-0%) 4(7-1%) 3(3:2%) 2 (1-6%) 5(2:3%)
Stomach-ache 0 0 0 3(97%) 1(4-0%) 4(7-1%) 3(32%) 0 3(1-4%)
Data presented as n (%). Summary includes vaccination reactions reported after the first or second dose of vaccination in the BNT162b2 and CoronaVac groups, and reactions reported only after the first dose of
vaccination in the ChADOXx1 group because of the differential timing of survey administrations.
Table 2: Solicited vaccination reactions by vaccine and age groups

conducted by the Wilcoxon two-sample or Kruskal-Wallis
test. Demographic and baseline predictors of antibody
concentrations over the 3 month period after the second
dose of vaccination were examined using univariate (only
adjusting for vaccine group) and multivariate linear
repeated measures models. For normality of the response
variable, a log,, transformation was used. Within-person
correlation of responses was considered via the use of an
unstructured covariance matrix. All variables with p<0-1
from the univariate model were included in an initial
multivariate model. Collected potential confounders (sex,
age, BMI, health-care worker or not, blood type, blood
Rhesus factor, chronic disease presence and type, allergies,
pregnancy, smoking, physical health, and mental health)
were adjusted for in the univariate and multivariate linear
repeated measures models. The primary interaction of
interest in these models was time-by-vaccine group
interaction. The final model was established via the
use of Akaike’s Information Criterion. No missing data
imputation was implemented for the small proportion of
participants who could not come for their 3 month testing,
since the reasons were non-health related and did not
introduce bias. The robustness of results was verified
via sensitivity analyses including the evaluation of different
models and covariance structures, alternate para-
metrisation for the continuous factors of age and BMI, and
the evaluation of consistency in trends across and within
vaccine types, both visually and via non-parametric
methods. Statistical significance was defined as p<0-05
except for pairwise comparisons among the three primary
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vaccine groups where Bonferroni adjustment was used
(p<0-0167). Analyses were performed using SAS
version 9.4, and figures were generated using GraphPad
Prism version 9.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

In the primary vaccine groups in north Cyprus from March 1
to Sept 30, 2021, we evaluated a total of 384 participants
(table 1), with 222 in the CoronaVac, 106 in the BNT162b2,
and 56 in the ChAdOx1 groups. The median age in these
groups was higher in BNT162b2 than in CoronaVac,
and was lowest in ChAdOx1; the percentage of female
participants was highest for CoronaVac, then ChAdOxl,
then BNT162b2. Most health-care workers were in the
CoronaVac group. The percentage of participants with a
reported chronic disease was similar across the three groups.
The most frequently reported chronic conditions were
hypertension (35-7%), an autoimmune disease (23-4%),
cardiovascular disease (21-4%), and diabetes (20-3%).
A summary of detailed baseline characteristics by vaccine
and age groups is included in table 1.

The rate of any solicited vaccination reaction was
50-0% in CoronaVac after any dose, 77-4% in BNT162b2
after any dose, and 94-6% in ChAdOx1 after the first dose
(because of the differential timing of survey
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Figure 1: Anti-spike RBD IgG titres by age group and vaccine type
(A) Mean (standard error) anti-spike RBD IgG titres in individuals aged younger than 60 years at 1 and 3 months
after the second vaccination dose of BNT162b2, ChAdOx1, or CoronaVac vaccines. (B) Mean (SE) anti-spike RBD
IgG titres in individuals aged 60 years or older at 1 and 3 months after the second vaccination dose of BNT162b2,
ChAdOx1, or CoronaVac vaccines. (C) Box-and-whisker plots overlaid with individual anti-spike RBD IgG titres in
individuals younger than 60 years at 1 and 3 months after the second vaccination dose of BNT162b2, ChAdOx1,
or CoronaVac vaccines. (D) Box-and-whisker plots overlaid with individual anti-spike RBD IgG titres in individuals
60 years or older at 1 and 3 months after the second vaccination dose of BNT162b2, ChAdOx1, or CoronaVac

vaccines. RBD=receptor binding domain. *p<0-0001 for both overall antibody titre during the 3-month follow-up

period and the rate of decline over time from the multivariate linear repeated measures model (table 3).
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administration). In the CoronaVac group, a similar rate
of local (32-4%) and systemic (30-6%) reactions were
observed. A higher rate of local reactions (62-3%) was
reported in the BNT162b2 group compared with systemic
reactions (45-3%). ChAdOx1 had the highest rates of
reactogenicity reported after the first dose, with
89-3% reporting systemic and 82-1% reporting local
reactogenicity. In all vaccine groups, most frequently
reported local reaction was pain, and most frequently
reported systemic reactions were malaise and headache.
In all vaccine groups, the rates of any local or systemic
reaction appeared higher in the younger age group
(<60 years) compared with the older age group (=60 years;

table 2).

Assessment of anti-spike protein RBD IgG antibody
titres at 1 month after the second dose of BNT162b2
revealed 100% seropositivity rates for both younger
(<60 years) and older (=60 years) age groups and stayed at
100% at 3 months after the second dose for both groups.

In the ChAdOx1 group, seropositivity rates at 1 month
after the second dose were 100% in the younger and
96% in the older age groups, which were reduced to
97% in the younger and 90% in the older age groups at
3 months after the second dose. In the CoronaVac group,
seropositivity rates were 97% in the younger and 88% in
the older age groups at 1 month after the second dose,
and these rates dropped to 76% in the younger and
60% in the older age groups at 3 months after the
second dose. In the younger age group, anti-spike
RBD IgG antibody concentrations at 1 month after the
second dose were highest with BNT162b2 (median 35-3
[IQR 27-6-40-0], followed by ChAdOx1 (17-1[9-9-23-6]),
and lowest in the CoronaVac group (11-3 [6-2-20-7]). At
3 months, the corresponding median antibody titres
were 19-2 (8-2-23-1) in BNT162b2, 6-5 (3-5-9-3) in
ChAdOx1, and 2-4 (1-0-5-0) in CoronaVac (p<0-0001 for
both timepoints; figure 1A and C). Similar trends were
observed in the older age group, with the median anti-
spike RBD IgG antibody titres at 1 month after the
second dose being 29-4 (22-5-33-3) for BNT162b2,
13-3 (6-9-27-7) for ChAdOx1, and 6-4 (2-5-13-6) for
CoronaVac, and at 3 months, 14-8 (7-4-18-7) for
BNT162b2,3-9 (1-9-8-4) for ChAdOx1,and 1-3 (0-5-3-3)
for CoronaVac (p<0-0001 for both timepoints; figure 1B
and D).

In univariate linear repeated measures models, being
male, older age, blood type of A (compared with type O),
being overweight or obese (BMI =25), having a chronic
disease, cardiovascular disease, and diabetes were each
significantly (and hypertension marginally) associated
with lower antibody titres. In the final linear multivariate
repeated measures model, vaccine group (<0-0001) and
vaccine group-by-time interaction (p<0-0001) were both
significant; male sex (p=0-011), older age (<0-0001), and
a longer follow-up time (p<0-0001) were significantly
associated with lower antibody titres. Blood type, having
a BMI of more than 25, and the aforementioned
comorbidities lost their significance in the multivariate
model. BNT162b2 was the vaccine group associated with
a significantly higher overall antibody titre and with a
significantly lower decline over time, followed by
ChAdOx1, and finally CoronaVac (figure 1A, B; table 3).
There was no significant difference in the rate of decline
over time between the two age groups per vaccine type.

Collectively, these data show that in both age groups,
BNT162b2 induced the highest overall anti-spike RBD
IgG antibody titres, followed by ChAdOx1, and then by
CoronaVac. In addition, the rate of decline of antibodies
was fastest with CoronaVac, followed by ChAdOx1, and
then by BNT162b2.

A cohort of 85 participants who initially received two
doses of CoronaVac followed by a single boost of
BNT162b2 at approximately 6 months after the primary
vaccination dose was evaluated, of which 70 responded to
the survey. Solicited vaccination reactions after the
booster dose of BNT162b2 were similar to those after
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Estimate (95% Cl) p value
Vaccine group
BNT162b2 0-57 (0-47 t0 0-66) <0-0001
ChAdOx1 0-24 (012 t0 0-36) <0-0001
CoronaVac (ref) NA NA
Male -0-11 (-0-19 to -0-03) 0-011
Age (per 10 years) -0-09 (-0-12 to -0-06) <0-0001
Time since second dose -0-31(-0-32t0-0-29) <0-0001
(per month)
Vaccine group by time since second dose (per month)
BNT162b2 0-14 (0-11t0 0-16) <0-0001
ChAdOx1 0-08 (0-05t0 0-11) <0-0001
CoronaVac (ref) NA NA

Within-person correlation of responses was taken into account via use of an
unstructured covariance matrix. CoronaVac was used as the reference group in the
models because it had the largest sample size among the three vaccine groups.
NA=not applicable.

Table 3: Linear repeated measures analysis of anti-spike receptor
binding domain IgG antibody concentrations (log,,) after the second
dose of SARS-CoV-2 vaccination

Age <60years Age=z=60years All (N=70%)
(n=28) (n=42)

Any reaction 25 (89:3%) 31(73-8%) 56 (80-0%)

Local reaction 24 (857%) 27 (64-3%) 51(72:9%)
Pain 24 (857%) 25 (59-5%) 49 (70-0%)
Induration 6 (21-4%) 9 (21-4%) 15 (21-4%)
Redness 0 3(7-1%) 3(43%)

Systemic reaction 17 (60-7%) 12 (28-6%) 29 (41-4%)
Malaise 12 (42:9%) 7 (16:7%) 19 (27-1%)
Headache 12 (42:9%) 7 (16:7%) 19 (27-1%)
Myalgia 9 (32:1%) 0 9 (12:9%)
Joint pain 10 (35-7%) 0 10 (14-3%)
Fever and shivering 7 (25:0%) 0 7 (10-0%)
Shivering 3(10-7%) 0 3 (4:3%)
Fever 6 (21-4%) 0 6 (8:6%)
Nausea 3(10-7%) 0 3 (4-3%)
Vomiting 1(3-6%) 0 1(1-4%)
Dizziness 4 (14-3%) 0 4 (5-7%)
Diarrhoea 0 0 0
Stomach-ache 2 (7-1%) 0 2(2:9%)

Data presented as n (%). *Of the 85 participants evaluated in this group,
70 responded to the survey after the booster dose.

Table 4: Solicited vaccination reactions after a booster dose of
BNT162b2 after the initial receipt of a complete CoronaVac regimen

primary vaccination by BNT162b2 per age group, and no
severe events or admissions to hospital were reported
(table 4). 33 participants were <60 years, with a median
age of 33-0 (IQR 27-0-44-0) and 60-6% were female. In
this younger age group, median anti-spike RBD IgG titres
were 11.0 (6-7-20-7) at 1 month and 2-1 (0-84-9) at
3 months, with seropositivity rates of 90-9% at 1 month
and 66-7% at 3 months. After a single booster dose of
BNT162b2, antibody titres increased significantly in all
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Figure 2: Anti-Spike RBD IgG titres by age group and vaccine plus booster

(A) Mean (SE) anti-spike RBD IgG titres in individuals younger than 60 years (left) or 60 years or older (right)

at 1and 3 months after the second CoronaVac vaccination dose, followed by 1 month aftera BNT162b2 or
CoronaVac booster shot given at 6 months after the initial CoronaVac vaccination. For the 60 years and older

age group, the geometric mean fold rise in antibody titres from 1 month after baseline to after the booster was
approximately 8-fold in the BNT162b2 boost group versus approximately 3-fold in the CoronaVac group
(7-9[95% C15-8-10-8] in the BNT162b2 boost group vs 2-8 [95% Cl 1-6-5-0] in the CoronaVac boost group).

p values comparing the two groups in the right panel are from the Wilcoxon two-sample test. (B) Individual anti-
spike RBD IgG titres over time in individuals younger than 60 years (left) or 60 years or older (right) at 1 and 3
months after the second CoronaVac vaccination dose, followed by 1 month after a single BNT162b2 booster shot
given at 6 months after the initial CoronaVac vaccination. (C) Individual anti-spike RBD IgG titres in individuals
younger than 60 years (left) or 60 years or older (right) at 1 and 3 months after the second CoronaVac vaccination
dose, followed by 1 month after a single CoronaVac booster shot given at 6 months after the initial CoronaVac
vaccination. Only one individual younger than 60 years of age received CoronaVac as a booster shot, and thus has
been omitted from the mean plot in panel A. RBD=receptor binding domain.

participants to a median titre of 44-0 (40-4-44-9; male
participants, 43-1 [41-7—44-5]; female participants, 44-4
[39-2-45-0]), with a 100% response rate (geometric mean
fold rise from 1 month after the second dose to 1 month
after the booster of 4.7 [95% CI 3-2-6-9]). In
52 participants aged 60 years or older, the median age was
71-5 (IQR 66-0-77-0) years and 59-6% were female. In
this older age group, the median antibody titres were 5-0
(1-8-13-9) at 1 month and 1-2 (0-5-3-1) at 3 months,
with seropositivity rates of 86-5% at 1 month and 59-6%
at 3 months. Similar to the younger age group, a single
booster dose of BNT162b2 at 6 months after the first dose
of CoronaVac generated significantly escalated antibody
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titres, with a median titre of 36-7 (33-0-39-3; male
participants, 35-4 [31-0-39-6]; female participants, 36-8
[33-1-39-1]) and a 100% response rate, but with a more
pronounced fold-increase compared with 1 month after
the second dose titre (geometric mean fold rise 7-9
[95% CI 5-8-10-8]; p=0-024, Wilcoxon two-sample test
for comparison of fold rise between the two age groups;
figure 2A, B).

A small cohort of 13 participants who initially received
two doses of CoronaVac and chose to receive another
booster dose of CoronaVac at 6 months after the first
dose was evaluated. 12 of the 13 participants were in the
60 years or older age group. In this older age group, the
median age was 67-0 (IQR 64-5-74-0) and 50-0% were
female. Median antibody titres were 3-2 (0-9-8-6) for
1 month and 0-9 (0-4-1-3) for 3 months, with
seropositivity rates of 75% at 1 month and 50% at
3 months. After receipt of a single booster dose of
CoronaVac, antibody titres increased to a median titre of
8-4 (4-3-16-3; male participants, 8-4 [2-6-17-9]; female
participants, 9-3 [6-0-14-8]; 100% response), which
reflected a more modest fold-increase relative to titres at
1 month after the second dose (geometric mean fold rise
2-8[95% CI 1-6-5-0]; figure 2A, C).

Collectively, although the IgG titres at 1 month and
3 months after the second dose of CoronaVac were
similar between the two older age groups (Wilcoxon
two-sample test; p=0-25 at 1 month and p=0-41 at
3 months), a single booster dose of BNT162b2 induced
higher anti-spike RBD IgG antibody titres compared
with a single booster dose of CoronaVac (p<0-0001;
figure 2A).

We evaluated an independent small reference group
of 29 participants (62% female, median age 43
[IQR 35-54]) who recovered from a natural SARS-CoV-2
infection in the past 3 months. Timing of the first
assessment was on average 2 months after a negative
PCR post-infection, and the median antibody titres
were 25-9 (IQR 17-2-34.6) for two participants
requiring oxygen therapy or intensive care unit support,
or both; 14-8 (12-4-17-5) for six participants requiring
admission to hospital but without critical disease; and
5-0 (2-4-9-0) for 21 participants who had mild disease.
19 individuals had a second assessment approximately
2 months after their initial assessment: the antibody
titre for one participant requiring oxygen therapy went
down from 34-6 to 29-3; the median titre for four other
participants in hospital decreased from 16-6 (14-8-20-9)
t010-1(6-0-14- 6; median fold change, 0-52[0-41-0-71]);
and the median titre for mild cases was lowered from
2:9 (2-4-8-3) to 2-5 (1-7-5-0; median fold change,
0-83 [0-63-0-99]). Relative to the three vaccine groups,
a more modest average decline was observed over time
in individuals who recovered from natural infection
(appendix).

During the study follow-up to date, six participants
(four male participants; median age of 46; range 33-73)

were diagnosed with COVID-19 post-study enrolment.
Five were in the CoronaVac and one in the ChAdOx1
group; all had antibody titres less than 10 at their last visit
before diagnosis (0-5,1-0,4-7,5-6,7-5, and 7-8). Three
cases were diagnosed in between their 1 month and
3 month visits; three were diagnosed after their 3 month
visit. One male participant aged 64 years, in the ChAdOx1
group with chronic conditions had to be accepted into
the intensive care unit but has recovered. One female
participant aged 73 years, in the CoronaVac group was
followed up in the hospital for precaution. There were
no other admissions to hospital or oxygen therapy
requirements among the participants.

Discussion

Vaccines have been shown to reduce COVID-19 severity
in a safe and effective manner. Establishing how long
this protection will last for different vaccines is an
ongoing challenge. We have longitudinally compared
SARS-CoV-2 anti-spike RBD IgG antibody responses to
CoronaVac, ChAdOx1, and BNT162b2 vaccination, and in
addition evaluated single booster doses by BNT162b2 or
CoronaVac after a full CoronaVac regimen. The main
findings of this study are first, that a higher rate of
seropositivity and titre of antibodies were observed at all
timepoints tested for BNT162b2 and ChAdOx1 vaccines
compared with CoronaVac for all age groups, and that
BNT162b2-induced IgG titres were also higher when
compared with ChAdOx1. For the older age group at a
high risk, the rate of seropositivity at 3 months after the
second dose was 100% for BNT162b2, 90% for ChAdOx1,
and 60% for CoronaVac. Second, regardless of age, the
rate of decline of antibodies from 1 to 3 months after
complete vaccination was fastest in the CoronaVac group,
followed by ChAdOx1, and then by BNT162b2. Third, for
older individuals vaccinated primarily with CoronaVac, a
single booster dose of BNT162b2 led to significantly
higher IgG titres when compared with a single booster
dose of CoronaVac. To our knowledge, this is the first
study designed to prospectively compare these three
primary vaccines head-to-head in a longitudinal manner
and can contribute to vaccine policy decisions. Our
results are consistent with previous studies highlighting
male sex and older age as being associated with lower
overall antibody titres,*™ where all tested vaccines led to
lower titres of anti-spike RBD IgG antibody in male
participants and older individuals.

Anti-spike RBD IgG antibodies bind to the RBD of
SARS-CoV-2 and might inhibit viral attachment and entry
into the host cell, thus suppressing infection. Although
the variables and threshold of humoral response
correlating with protection are not yet detailed, studies
point to a strong relationship between high titres of anti-
spike IgG and a reduced disease state as well as a lower
occurrence of breakthrough infections, where higher I1gG
binding led to greater protection.”” Lower anti-spike RBD
IgG antibody concentrations are correlated with a higher
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risk of infection in individuals vaccinated with mRNA-1273
(Moderna).” Furthermore, a strong correlation observed
between anti-spike RBD IgG titres and neutralising
antibody titres suggests that IgG concentrations offer
indications on protection.” Low anti-spike antibodies have
been shown to predict mortality and viral dissemination
in patients with COVID-19 who are critically ill.” Although
more data are required to understand the dynamics of
antibody concentrations and cellular responses, antibody
titres can serve as a correlate of protection against infection
and a surrogate of general immune response to a specific
vaccine.

Although vaccines confer protection against severe
disease and admission to hospital,”* waning immunity
over several months® along with the emergence of highly
transmissible SARS-CoV-2 variants have prompted the
scientific community to investigate the potential of
booster doses. Current studies highlight the efficient
neutralisation capacity of a third BNT162b2 dose after a
primary two-dose BNT162b2 regimen® as well as the
safety and immunogenicity of a third dose of the
ChAdOx1 vaccine.” Studies evaluating the heterologous
boost regimens of BNT162b2 and ChAdOx1 showed
stronger T-cell responses,” increased neutralisation,”
and improved reactogenicity.”

Here we report for the first time the differential
increase in anti-spike RBD IgG titres upon boosting
with BNT162b2 versus CoronaVac approximately
6 months after a full CoronaVac regimen. In both age
groups, a third dose of BNT162b2 after a full regimen of
CoronaVac gave rise to a significant increase in anti-
spike RBD IgG titres. A booster dose of CoronaVac
administered 6 months after a primary CoronaVac
regimen gave rise to a more modest increase in IgG
titres compared with boosting with BNT162b2
(geometric mean fold rise of approximately 3-fold with
CoronaVac vs 8-fold with BNT162b2). Our results
indicate a significant amount of IgG stimulation upon
boosting with BNT162b2 after primary vaccination with
CoronaVac, which could potentially contribute to higher
and longer protection.

The limitations of our study include using a single-
nationality cohort, low sample size, and convenience
sampling method used for efficient enrolment. The
differences in age ranges for different vaccines are ascribed
by the regulatory vaccine rollout schemes.

Future studies should investigate how cellular immunity
is affected by different boosting regimens as well as
neutralising antibody titres to different variants. This
research can further be extended to different vaccines and
boosting regimens currently in use. Our study has
implications for policy change; for instance, higher and
potentially longer antibody responses can be obtained if
the mRNA vaccine (such as BNT162b2) booster doses are
administered after inactivated vaccines such as CoronaVac.
This finding also supports the use of mixed vaccine doses
for boosters.
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