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Background: Omicron subvariant BA.2 circulation is
rapidly increasing globally. Aim: We evaluated the neu-
tralising antibody response from vaccination or prior
SARS-CoV-2 infection against symptomatic infection
by BA.2 or other variants. Methods: Using 50% plaque
reduction neutralisation tests (PRNTSO), we assessed
neutralising antibody titres to BA.2, wild type (WT)
SARS-CoV-2 and other variants in Comirnaty or
CoronaVac vaccinees, with or without prior WT-SARS-
CoV-2 infection. Titres were also measured for non-vac-
cinees convalescing from a WT-SARS-CoV-2 infection.
Neutralising antibodies in BA.2 and BA.1 breakthrough
infections and in BA.2 infections affecting non-vac-
cinees were additionally studied. Results: In vaccinees
or prior WT-SARS-CoV-2-infected people, BA.2 and
BA.1 PRNT,, titres were comparable but significantly
(p<10-5) lower than WT. In each group of 20 vaccinees
with (i) three-doses of Comirnaty, (ii) two CoronaVac
followed by one Comirnaty dose, or (iii) one dose of
either vaccine after a WT-SARS-CoV-2 infection, 219
individuals developed detectable (PRNT, titre >10)
antibodies to BA.2, while only 15 of 20 vaccinated with
three doses of CoronaVac did. Comirnaty vaccination
elicited higher titres to BA.2 than CoronaVac. In
people convalescing from a WT-SARS-CoV-2 infection,
a single vaccine dose induced higher BA.2 titres than
three Comirnaty (p=0.02) or CoronaVac (p=0.00001)
doses in infection-naive individuals. BA.2 infections
in previously uninfected and unvaccinated individuals
elicited low (PRNT,, titre<80) responses with little
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cross-neutralisation of other variants. However,
vaccinees with BA.1 or BA.2 breakthrough infections
had broad cross-neutralising antibodies to WT viruses,
and BA.1, BA.2, Beta and Delta variants. Conclusions:
Existing vaccines can be of help against the BA.2
subvariant.

Introduction

A new variant of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), the virus that causes cor-
onavirus disease (COVID-19) emerged in South Africa
in November 2021 [1]. This variant within Phylogenetic
Assignment of Named Global Outbreak (Pango) lineage
B.1.1.529 was designated as a ‘variant of concern’ and
named Omicron [1]. It had 37 amino-acid changes in the
virus spike protein compared with the wild-type (WT)
virus and appeared more transmissible than all previ-
ously identified virus variants [2,3]. Early assessments
suggested, however, that it might be associated with
reduced disease severity [4]. Up to the end of 2021,
three subvariants of Omicron were initially identified,
namely BA.1, BA.2 and BA.3, with BA.1 being the first
to spread worldwide [2].

An RNA vaccine (Comirnaty, BNT162b2, BioNTech-
Pfizer, Mainz, Germany/New York, United States) and
an inactivated whole-virus vaccine (CoronaVac, Sinovac
Biotech Ltd, Beijing, China) are two of the most widely
used COVID-19 vaccines globally, each having had
over 2 billion doses delivered so far [5]. We and others



have shown that Omicron BA.1 is poorly neutralised
by sera from individuals vaccinated with two doses
of Comirnaty or CoronaVac respectively [6,7]. In those
previously vaccinated with two doses of CoronaVac, an
additional dose of Comirnaty increased BA.1 neutralis-
ing antibody titres to higher levels than an additional
dose of CoronaVac. Vaccine effectiveness studies have
shown marked reduction of protection against symp-
tomatic Omicron infection from two doses of RNA vac-
cines but improved protection associated with a third
vaccine dose [8]. The reduction in vaccine protection
prompted the development of Omicron BA.1-specific
vaccines which are currently under evaluation [9].

More recently, circulation of Omicron subvariant BA.2
has been increasing in a number of countries, and this
subvariant appears to have an even higher transmissi-
bility than BA.1 [10]. Although BA.1 and BA.2 share 21
amino-acid changes in the spike protein relative to WT
virus, they differfrom each other by around 26 amino-
acid residues, some of these being in the receptor bind-
ing (RBD) and N-terminal domains (NTD) [2]. Thus, it is
possible that there are antigenic differences between
BA.1 and BA.2. It is of public health importance to
assess how well existing vaccines protect against
BA.2. Neutralising antibodies are the best available
correlate of protection [11]. Therefore, investigating
how vaccine-immune sera neutralise BA.2 will provide
an assessment of likely protection from existing vac-
cines, vaccine combinations and ‘hybrid immunity’ (i.e.
immunity following both natural infection and vaccina-
tion) against BA.2 [12]. The aim of the present study
was to assess plaque reduction neutralisation test
(PRNT) antibody titres to BA.2 and compare them with
WT and BA.1, in cohorts of infection-naive individuals
vaccinated with Comirnaty or CoronaVac vaccines and
in those convalescing from WT SARS-CoV-2 infections
with or without vaccination. We also compared neutral-
ising antibody titres to BA.1, BA.2, WT, Delta and Beta
variant viruses in acute and convalescent sera of indi-
viduals with vaccine-breakthrough BA.1 or BA.2 infec-
tions, as well as in sera of non-vaccinated people who
had just had BA.2 infections.

Methods

Study design and clinical specimens

We randomly selected a subset of 20 individuals from
each of six cohorts used in a previous study compar-
ing PRNT antibody titres to WT and BA.1 subvariant
of Omicron [6]. These included infection naive indi-
viduals vaccinated with three doses of Comirnaty
or CoronaVac vaccines or those vaccinated with
two doses of CoronaVac and a subsequent dose of
Comirnaty. Previously unvaccinated individuals with
a past WT-SARS-CoV-2 infection (143-196days post
infection) were selected to represent waning antibody
titres in convalescence. Sera from individuals with
past SARS-CoV-2 infections vaccinated with one dose
of Comirnaty or CoronaVac were included to investigate
‘hybrid immunity’. In vaccinated individuals, serum

was collected 3-5weeks after the last dose of vac-
cine. This study was carried out during the period from
21 February 2020 to 20 November 2021. Some of the
patient cohorts followed in the current work have been
included in previous studies of antibody and T-cell
responses to SARS-CoV-2 [13,14].

Separately, between 20 November 2021 and 21
February 2022, convalescent (where possible, acute)
sera were collected from patients diagnosed in Hong
Kong with Omicron BA.1 (n=14) and presumed BA.2
(n=27) variant infection. All BA.1 infections were con-
firmed by sequencing and the presumed BA.2 infec-
tions were either confirmed by sequencing or occurred
after 21 January 2022, a period when=97% sequenced
infections in Hong Kong were BA.2 (data not shown). All
the BA.1-infected, and 20 of the BA.2-infected individu-
als had vaccine breakthrough infections. Of the total
34 people with breakthrough infection, 22 were vac-
cinated with Comirnaty and nine with CoronaVac. One
further individual had received Vaxzevria (ChAdOx1/
nCoV-19, AstraZeneca, Cambridge, United Kingdom),
another Spikevax (mRNA-1273, Moderna, Cambridge,
United States) and one both Comirnaty and COVID-
19 Vaccine Janssen (Janssen-Cilag International NV,
Beerse, Belgium).

Virus strains

We isolated a Pango lineage B.1.1.529 (Omicron) sub-
variant BA.2 strain (hCoV-19/Hong Kong/VM22000135_
HKUVOCo0588P2/2022) from a patient with COVID-19 in
Hong Kong in Vero-E6 cells over-expressing TMPRSS2
[15]. The amino-acid sequence (GISAID EPI_
ISL_g570707) of the virus isolate was identical to the
virus in the original clinical specimen except at one
position. This was due to a non-synonymous substi-
tution in the nt sequence at position C11454T in open
reading frame (ORF)1a.

A Pango lineage B.1.1.529 (Omicron) subvari-
ant BA.1 virus hCoV-19/Hong Kong/VM21044713_
WHPs5047-S5/2021 and a WT SARS-CoV-2 Pango lineage
A virus BetaCoV/Hong Kong/VM20001061/2020 (WT)
were used for comparison [6]. The sequences of these
viruses are available in GISAID as EPI_ISL_6716902
and EPI_ISL_412028 respectively.

Plaque reduction neutralisation tests

The PRNT assays were carried out in duplicate using
24-well tissue culture plates (TPP Techno Plastic
Products AG, Trasadingen, Switzerland) in a biosafety
level 3 facility using Vero E6 TMPRSS2 cells [15] as
previously described and validated [16]. All sera were
heat-inactivated at 56°C for 3o0min before testing.
Serial twofold dilutions from 1:10 to 1:320 of each
serum sample were incubated with 30-40 plaque-
forming units of virus for 1hour at 37°C and then the
virus—serum mixtures were added onto pre-formed cell
monolayers and incubated for 1hour at 37°C in a 5%
CO, incubator. The cell monolayer was then overlaid
with 1% agarose in cell culture medium and incubated
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TABLE 1

Age, sex, geometric mean of PRNT, antibody titres to BA.2, BA.1 and WT virus at 3-5weeks post last dose of vaccine,
Hong Kong, 21 February 2020-20 November 2021 (n=120)

Mean age Number with BA.2
WT GMT BA.1 GMT BA.2 GMT PRNT50 titres above
Exposure group Number (SD) indicated thresholds
(95%CI) (95%CI) (95%Cl)
in years >1:10a 21:25.6b
320.0 67.3 95.1
Comirnaty (3 doses) 20 49.5 (14.8) | 22-72 | 11:9 20 20
(320.0-320.0) | (45.5-99.6) |(73.7-122.8)
65.0 8.1 9.3
CoronaVac (3 doses) 20 49.8(7.9) | 36-68 | 4:16 15 o
(43.8-96.5) (6.4-103) | (7.8-11.5)
CoronaVac (2 doses) + 309.1 51.0 46.0
20 48.4(9.2) | 31-66 | 10:10 19 16
Comirnaty (1 dose) (287.5-332.4) (32.9-79.0) | (29.2-72.3)
82.8 8.1 9.0
fc/;\r?vi-lgg\c/;t(wn 20 48.7 (15.0) | 20~70 | 7:13 11 1
(58.0-118.3) (5.5—-12.1) (6.7-12.2)
SARS-CoV-2 (WT) 320.0 1243 144.2
convalescent+
20 48.9 (15.2) | 20-70 8:12 (13.2- 20 20
Comirnaty (1 dose) (320.0-320.0) | (85.0-173.0) 183.6)
SARS-CoV-2 (WT)
convalescent+ 2263 314 283
20 55.9 (10.0) | 37-81 | 12:8 20 10
CoronaVac (1 dose) (185.8-275.5) (22.8-43.2) |(20.8-38.4)

Cl: confidence interval; F: female; GMT: geometric mean of PRNTS0 antibody titre; M: male; PRNT_ :50% plaque reduction neutralisation test;
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; SD: standard deviation; WT: wild type.

221:10 is the threshold for detectable antibody titres.

b >1:25.6 is an antibody titre threshold, predictive of conferring 50% protection against SARS-CoV-2 infection [11,16].

for 3days, at which time the plates were fixed and
stained. Antibody titres were defined as the highest
serum dilution that resulted in250% (PRNTSO) reduction
in the number of virus plaques. The mean of the plaque
numbers observed in the duplicate dilution-series was
used for this computation. Virus back titrations, posi-
tive and negative control sera were included in every
experiment.

Surrogate virus neutralisation tests

The surrogate virus neutralisation test (sVNT) was
performed according to the manufacturer’s recom-
mendations (Genescript, New Jersey, United States)
using SARS-CoV-2 spike RBD to WT and virus variants
Beta and Delta. Inhibition (%) of binding of the RBD to
angiotensin converting enzyme-2 (ACE2) of>30% was
regarded as positive.

Statistical analysis

For sample size calculations, the maximum stand-
ard deviation (SD) of log PRNT, antibody titres
for the wuninfected vaccinated groups was 1.37.
Assuming a threefold difference in geometric mean
of PRNT, antibody titre (GMT), a sample size of 10 in
each group would have statistical power of>0.99 for
detecting a difference between groups using the two-
tailed Mann-Whitney U test. Comparisons between
groups with larger sample size or smaller within-group
variation would have larger statistical power.
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Categorical variables were summarised as proportions
or percentage and continuous variables were summa-
rised as geometric mean with SD. Sera with undetect-
able (<10) antibody titres were assigned an antibody
titre of 5, for purposes of GMT calculations or statisti-
cal comparisons. GMTs were designated as reciprocal
of the serum dilution throughout the text. Differences
in antibody titres to WT, BA.1 and BA.2 viruses were
assessed using the Wilcoxon signed-rank test when
comparing paired antibody titres to different viruses
in the same serum and the two-tailed Mann-Whitney
U test when comparing different groups of individuals.
Absolute p values were provided. p values<o.o5 were
considered statistically significant.

Results

Antibody titres to BA.2, BA.1 and wild-

type virus in vaccinated individuals and in
convalescent individuals with or without
immunisation

Sera were tested to determine PRNT_ antibody titres to
Omicron subvariant BA.2 and the data compared with
previously reported data on those sera for the WT or
Omicron BA.1 viruses [6]. The age and sex (collected
as a binary variable) demographics, GMT (95% confi-
dence interval (Cl)) for each virus for each cohort and
the number (and percentage) of sera with detectable
antibody are shown in Table 1.



FIGURE 1

PRNT, antibody titres to WT SARS-CoV-2 and Omicron subvariants BA.1 and BA.2, in infection-naive and previously-

infected
November 2021 (n=120)

A. PRNT, titres to SARS-CoV-2 variants according to vaccination and/or prior-infection status

(by WT virus) individuals, according to Comirnaty or CoronaVac vaccination, Hong Kong, 21 February-20
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GMT: geometric mean of neutralising antibody titres; PRNT_ : 50% plaque reduction neutralisation test; SARS-CoV-2: severe acute respiratory syndrome

coronavirus 2; SD: standard deviation; WT: wild type.

A.
were compared using the Wilcoxon signed-rank test.

PRNT_ antibody titres of each individual are linked by a line. GMTs for each group are indicated above in parentheses. Antibody titres between pairs of viruses

- PRNT| antibody titres to Omicron subvariant BA.2 in the different groups, with geometric mean +/-SD presented for ease of comparison (Table 1 displays

the numbers of individuals in each group). The dashed line indicates the predicted threshold of PRNT_ antibody titre (1:25.6) conferring 50% protection
from infection, and shading indicates 95% confidence intervals [11,16]. Mann-Whitney test (two taileé) was used for significance testing. Exact p values are

denoted.
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FIGURE 2

Correlation of Omicron subvariant BA.2 and BA.1
PRNT_ antibody titres, Hong Kong, 21 February
2020-20 November 2021 (n=120)
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Cl: confidence interval; PRNT, : 50% plaque reduction
neutralisation test; r: Spearman correlation coefficient; SARS-
CoV-2: severe acute respiratory syndrome coronavirus 2; WT:
wild type.

The PRNT, antibody titres and GMT to BA.2 were not
significantly different from those to BA.1 but both
subvariants’ GMTs were significantly lower (p<1075)
than GMTs to WT virus (Figure 1). Nineteen or more indi-
viduals in each of the 20-member cohorts vaccinated
with three doses of Comirnaty, two doses of CoronaVac
followed by one dose of Comirnaty, or of SARS-CoV-2
convalescent individuals who had been given one dose
of either Comirnaty or CoronaVac vaccine had detect-
able (=10) PRNT,  antibody to BA.2 with GMTs of 95.1,
46.0, 144.2 or 28 3, respectively (Table 1). Fifteen of 20
who were given three doses of CoronaVac had detect-
able PRNT_ antibody albeit with lower titres (GMT: 9.3).
Interestingly, those with past infection with the WT
SARS-CoV-2, who were given one dose of Comirnaty
had significantly higher PRNT, , antibody titres to BA.2
(GMT:144.2) compared with ‘those with three doses
of Comirnaty (GMT:95.1; p=0.02 in two-tailed Mann-
Whitney U test). Similarly, those with past infection
given one dose of CoronaVac had significantly higher
BA.2 PRNT_ titres (GMT:28 .3) compared with those
given three doses of CoronaVac (GMT:9.3; p=0.00001).

There is as yet no universally agreed correlate of pro-
tection for SARS-CoV-2 infection. However, Khoury and
colleagues previously used data from multiple vaccine
efficacy trials to establish a predicted neutralising anti-
body threshold associated with 50% protection from
infection to be 20.2% (95% Cl: 14.4—28.4) of the GMT in
convalescent individuals [11]. These predicted thresh-
olds were also validated against protection of vacci-
nated individuals against WT virus and against variants
of concern [17]. While these predicted thresholds of
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protection are not definitive, they may have some util-
ity in assessing immune status following natural infec-
tion or vaccination. Using our panel of SARS-CoV-2
convalescent sera collected 30-60 days post infection,
we previously estimated this predicted threshold in our
PRNT,  assay to be a titre of 25.6(95%Cl:18.3-36.0)
[16]. We used this PRNT , threshold as a guide to assess
adequacy of PRNT responses Applying this predicted
50% protective threshold to our current PRNT_ titres
with BA.2, we estimate that all of 20 individuals with
three doses Comirnaty and all of SARS-CoV-2 conva-
lescent individuals with one dose of Comirnaty meet
this predicted threshold, as well as 16 of 20 people
vaccinated with two doses of CoronaVac followed by
one dose of Comirnaty and 10 of 20 SARS-CoV-2 con-
valescent individuals with one dose of CoronaVac. In
contrast, none of the 20 individuals with three doses
of CoronaVac and only one of 20 people convalescing
from SARS-CoV-2 without any vaccine did so (Table
1, Figure 1B).

Taking the 120 individuals in the six cohorts
investigated together, it was notable that the
PRNT_ titres to BA.1 and BA.2 were well correlated
with each other (Spearman correlation coefficient
r=0.88;95%Cl:0.82-0.91; p<0.0001)  with titres
generally being within fourfold dilutions of each other
(Figure 2).

Neutralising antibodies to SARS-CoV-2
variants in convalescent/acute sera from BA.1-
or BA.2-infected individuals with or without
prior vaccination

Convalescent (where possible, acute) sera were
obtained from 14 BA.1-infected individuals (all with
breakthrough infections) and from 27 presumed BA.2-
infected individuals (including 20 with breakthrough
infection). The demographics, vaccine history and tim-
ing of first reverse transcription-PCR (in asymptomatic
infections) or onset of symptoms, before collection of
serum are shown in Table 2.

In previously vaccinated individuals, BA.1 break-
through infections led to PRNT_ GMT to BA.1, BA.2 and
WT increasing by 14.4, 16.1 and 8.1-fold, respectively
(Table 2, Figure 3A). Similarly, in BA.2 breakthrough
infections PRNT,  GMT to BA.1, BA.2 and WT increased
by 9.9, 14.7 and 6.3-fold respectively. The mean per
cent antibody-mediated inhibition of ACE2 binding
to the spike receptor binding domains of Delta and
Beta increased from<55% t0>70% in BA.1 and BA.2
breakthrough infections (Figure 3B). In marked con-
trast, convalescent sera in those without prior vac-
cination infected with BA.2 virus had relatively low
PRNT (GMT: 24. 4) to the infecting BA.2 virus and
even lower PRNT, to BA.1 (GMT: 9.1) and WT (GMT: 6.7),
respectively.

Discussion
In all cohorts of vaccinated individuals and those
convalescent from WT-SARS-CoV-2 infection with or
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TABLE 2A
PRNT, titres in BA.1 and BA.2 infections in vaccinated or unvaccinated individuals, Hong Kong, 13 November 2021-10 February 2022 (n=41)

Age group DEVAN DEVAN BA.1 PRNT_ BA.2 PRNT,| WT PRNT_

Number of
d 1st serum 2nd serum
0ses Acute Convalescent Acute Convalescent Acute Convalescent

sex collection  collection

((EIOR Severity Vaccine

BA.1 breakthrough infections in vaccinated cases

1 31-40, M Mild Comirnaty 2 1 14 <10 2320 <10 160 80 2320
2 31-40, M Asymptomatic Spikevax 2 1 5 <10 40 <10 NA 160 2320
3 31-40, M Mild Comirnaty 2 o 7 10 160 <10 NA 20 2320
4 21-30, M Mild Comirnaty 2 1 8 40 2320 20 160 160 2320
5 41-50, M Asymptomatic Comirnaty 2 1 17 10 80 <10 80 20 160
6 21-30, M Mild Comirnaty 2 1 7 10 80 <10 80 160 2320
7 41-50, M Asymptomatic Vaxzevria 2 2 14 <10 160 <10 40 <10 2320
8 21-30, F Mild CoronaVac 2 o 7 <10 40 NA 40 10 2320
9 11-20, F Asymptomatic Janssen/Comirnaty 2 1 14 20 2320 20 2320 20 2320
10 31-40, M Mild Comirnaty 2 1 13 10 160 10 2320 20 2320
11 21-30, F Asymptomatic Comirnaty 2 1 15 20 2320 10 160 <10 160
12 31-40, M Asymptomatic Comirnaty 3 1 25 20 2320 20 2320 80 2320
13 71-80, F Mild Comirnaty 3 2 13 40 2320 40 2320 80 160
14 61-70, M Mild Comirnaty 2 NA 19 NA 2320 NA 2320 NA 2320
GMT 11.7 168.1 9.4 151.0 34.1 275.8
(95% ClI) (7.4-18.5) | (106.5-265.4) | (5.9-15.2) | (90.4-252.2) | (15.8-73.5) | (232.6-327.1)
BA.2 breakthrough infections in vaccinated cases

15 31-40, F Asymptomatic CoronaVac 2 1 NA 20 NA 40 NA 80 NA
16 41-50, M Mild Comirnaty 2 2 16 10 2320 <10 2320 40 2320
17 61-70, F Moderate Comirnaty 3 2 14 40 80 40 160 2320 2320
18 31-40, F Mild Comirnaty 2 3 32 <10 160 <10 160 40 2320
19 61-70, M Mild CoronaVac 3 3 39 10 40 <10 80 10 2320
20 51-60, M Mild Comirnaty 2 3 32 <10 2320 <10 2320 40 2320
21 21-30, F Mild CoronaVac 2 1 29 <10 2320 <10 2320 10 2320

Cl: confidence interval; COVID-19: coronavirus disease; F: female; GMT: geometric mean of PRNTSq antibody titre; M: male; Janssen: COVID-19 Vaccine Janssen; NA: not available, because insufficient serum
available for testing; PRNT, :50% plaque reduction neutralisation test; RT-PCR: reverse transcription PCR; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; SD: standard deviation; WT: wild
type.

2 Number of days elapsed between the time of symptom onset or the first RT-PCR positive test (for asymptomatic infection) and serum collection.

> These cases were not known to have been previously infected with SARS-CoV-2.
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TABLE 2B
PRNT, titres in BA.1 and BA.2 infections in vaccinated or unvaccinated individuals, Hong Kong, 13 November 2021-10 February 2022 (n=41)

Age group DEVAN DEVAN BA.1 PRNT,_ BA.2 PRNT, | WT PRNT, |

Number of
d 1st serum  2nd serum
0ses Acute Convalescent Acute Convalescent Acute Convalescent

sex collection  collection

((EIOR Severity Vaccine

BA.2 breakthrough infections in vaccinated cases

22 41-50, M Mild Comirnaty 1 3 29 10 10 <10 20 10 10
23 31-40, F Mild Comirnaty 2 2 35 <10 2320 <10 2320 40 2320
24 31-40, F Mild Comirnaty 2 4 9 10 2320 10 2320 2320 2320
25 61-70, M Mild CoronaVac 2 3 46 <10 20 <10 20 <10 2320
26 31-40, M Mild Comirnaty 2 2 52 <10 2320 10 2320 20 2320
27 21-30, F Mild Comirnaty 2 1 37 10 2320 <10 2320 20 2320
28 21-30, F Mild Comirnaty 2 2 38 <10 80 10 80 40 2320
29 61-70, M Asymptomatic CoronaVac 1 1 51 10 10 <10 20 <10 40
30 41-50, F Mild CoronaVac 3 3 46 10 160 <10 80 80 2320
31 61-70, F Mild CoronaVac 2 5 48 <10 160 <10 2320 10 2320
32 71-80, M Mild Comirnaty 1 5 10 <10 <10 <10 10 10 40
33 71-80, M Asymptomatic CoronaVac 2 5 30 10 10 20 40 20 20
34 41-50, M Mild Comirnaty 1 5 48 <10 20 <10 80 80 160
GMT 7.8 771 73 107.1 28.3 178.5
(95% ClI) (6.0-10.2) | (37.7-158.0) | (5.3-10.1) | (60.5-189.6) | (16.1-49.6) (104.3-305.4)
BA.2 infections in unvaccinated cases®

35 51-60, M Mild Unvaccinated ¢} 5 18 <10 20 <10 80 <10 10
36 61-70, M Asymptomatic Unvaccinated (o] o 32 <10 10 <10 40 <10 <10
37 81-90, M Mild Unvaccinated ¢} 2 45 <10 40 <10 80 <10 10
38 61-70, F Mild Unvaccinated o 4 7 <10 <10 <10 <10 <10 <10
39 61-70, F Mild Unvaccinated 0 2 52 <10 <10 <10 20 <10 <10
40 61-70, M Asymptomatic Unvaccinated o] 3 44 <10 <10 <10 20 <10 10
41 71-80, F Mild Unvaccinated o 3 23 <10 <10 <10 10 <10 <10
GMT 5.0 9.1 5.0 24.4 5.0 6.7
(95% CI) (5.0-5.0) | (4.2-19.7) | (5.0-5.0) | (9.3-63.6) | (5.0-5.0) (4.8-9.5)

Cl: confidence interval; COVID-19: coronavirus disease; F: female; GMT: geometric mean of PRNT, antibody titre; M: male; Janssen: COVID-19 Vaccine Janssen; NA: not available, because insufficient serum
available for testing; PRNT,_ :50% plaque reduction neutralisation test; RT-PCR: reverse transcription PCR; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; SD: standard deviation; WT: wild
type.

a2 Number of days elapsed between the time of symptom onset or the first RT-PCR positive test (for asymptomatic infection) and serum collection.

> These cases were not known to have been previously infected with SARS-CoV-2.



without vaccination, we found that that PRNT,_ titres to
BA.2 were markedly and significantly lower than those
for WT virus, but that PRNT, | titres to BA.1 and BA.2
were comparable with each other, generally within
fourfold dilution-steps of each other. These findings
were broadly concordant with a recent report using
pseudoparticle neutralisation assays where neutrali-
sation titres to BA.1 and BA.2 viruses were markedly
lower than to WT virus in Spikevax and Comirnaty vac-
cinated individuals and the BA.1 and BA.2 titres were
comparable with each other in vaccine sera [18].

The spike proteins of our BA.1 and BA.2 virus isolates
have the mutations previously reported [2], with BA.1
and BA.2, respectively, having 26 and 24 amino-acid
substitutions in the spike Si1 domain compared with
the WT virus. Many key antigenically relevant muta-
tions in the spike NTD (e.g. G142D) and RBD (e.g. T478K
and E484A) are shared by both variants [19], which
explains why both of them are antigenically distinct
from the WT SARS-CoV-2. However, each of these sub-
variants has unique mutations, deletions or insertions
in the S1 domain of the spike protein including in the
NTD (residues: 12-306) and RBD (residues: 306-527).
Some of these are known to change the antigenicity
of NTD [20,21] or RBDs (e.g. BA.1: G446S and G496S;
BA.2: R408S) [19,20]. This may suggest that BA.1 and
BA.2 may differ in antigenicity from one another as well
as from the WT virus and further studies are needed to
assess this.

Our findings that BA.2 and BA.1 PRNT50 titres are
correlated with each other in vaccinated individuals
do not prove that BA.1 and BA.2 are antigenically
closely related to each other. For that purpose, we
need to consider BA.1 and BA.2 PRNT,, titres from
non-vaccinated individuals infected with each virus or
experimental animals infected or vaccinated with each
virus. We found that BA.2 infections in unvaccinated
individuals resulted in PRNT,, titres to BA.2 that were
low, but 2—16-fold higher than to BA.1. A recent report
using BA.1 infected hamster sera has shown 2.9-fold
lower antibody titres to BA.2 compared with BA.1 virus
[22]. Another study assessing neutralisation titres in
sera from BA.1 infected hamsters showed eightfold
lower neutralisation titres to BA.2, though both are
antigenically distant from the WT virus [23].

Our findings suggest that Comirnaty elicits higher
PRNT titres than CoronaVac. Those with three doses
of Comirnaty or convalescent from SARS-CoV-2 with
one dose of Comirnaty had PRNT, | antibody titres
above the predicted protective threshold (titre of
25.6;95%Cl:18.3-36.0) at 3-5weeks after the last
dose of vaccine. This is concordant with preliminary
vaccine effectiveness data against BA.2 that appear
to show increased protection after the third dose of an
RNAvaccine [10]. Sixteen of 20 individuals receiving two
doses of CoronaVacfollowed by athird dose of Comirnaty
had antibody titres above the predicted protective
threshold, but GMT titres (46.0;95%Cl:29.2-72.3)

were generally lower than those with three doses of
Comirnaty (GMT:95.1;95%Cl:73.7-122.8). In con-
trast, none of 20 people vaccinated with three doses
of CoronaVac had PRNT,, titres above the predicted
protective threshold, even at 3—5weeks after the last
vaccine dose although 15 of them had detectable
PRNT,  antibody to BA.2. These findings were very
similar to what we had previously reported for BA.1 [6].

Our previous studies [6] and those of others have
shown that two doses of Comirnaty or CoronaVac vac-
cines elicited detectable PRNT antibodies to Omicron
subvariant BA.1 in only eight of 31 and none of 30 indi-
viduals, respectively, and were of low titres even if
detectable. Given our current findings suggesting BA.2
PRNT antibody titres are comparable to those of BA.1,
this suggests that two doses of these vaccines would
also not provide robust protective neutralising anti-
body to BA.2 subvariant.

A recent large outbreak of BA.2 infection in Hong Kong
in January—April 2022 in a population largely naive
to prior natural infection, provided an opportunity
to assess the protection provided by Comirnaty and
CoronaVac vaccines against mild—moderate disease
or severe—fatal disease [24]. While two doses of either
vaccine provided minimal protection from mild—moder-
ate infection, the vaccine effectiveness of three doses
of Comirnaty was 71.5% (95%Cl:54.5—-82.1) and that
of three doses of CoronaVac was 42.3% (95% Cl: 11.4—
62.4), respectively, in those aged 20-59 years. This was
concordant with our current observation that Comirnaty
vaccination resulted in higher BA.2 PRNT_ titres
than CoronaVac. Interestingly, vaccine effectiveness
against severe disease and death in those given three
doses of Comirnaty and CoronaVac vaccines was
98.5%(95%Cl:95.9-99.4) and 98.5%(95%Cl:95.2—
99.5), respectively. In the current study, PRNT, antibody
to BA.2 was detectable at a dilution ofz10 in all of
those given three doses of Comirnaty vaccine and 15
of 20 people vaccinated with three doses of CoronaVac
vaccine. Predictive thresholds of neutralising antibody
titres for disease severity have also been assessed
by Khouri et al., although the confidence Cls are wide
[11]. In our PRNT, assay this would be equivalent to a
titre of 3.9 (95% Cl: 1-17), titres below the resolution of
the PRNT,  assay. It may be that almost all those given
three doses of CoronaVac vaccine did have titres above
that range.

Our PRNT assays were done 3—-5weeks after the last
vaccine dose. However, a 4.7—6.4-fold waning of neu-
tralising antibody has been reported after two doses of
Comirnaty or CoronaVac vaccination by 5 to 6 months
after last vaccine dose [25,26]. It is not clear whether
the kinetics of antibody waning after a third dose are
similar to those after two doses or whether waning of
cross-reactive neutralising antibody to variants such as
Omicron BA.1 or BA.2 will follow similar kinetics to the
WT viruses. It is also relevant to note that preliminary
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FIGURE 3

Serum neutralising antibody activity against WT and SARS-CoV-2 variants according to the virus variant causing infection
and vaccination status, Hong Kong, 13 November 2021-10 February 2022 (n=41)

A. PRNT50 titres to BA.1, BA.2 or WT SARS-CoV-2 according to the infecting variant and vaccination status
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ACE2: angiotensin converting enzyme-2; conval: convalescent; PRNT_ : 50% plaque reduction neutralisation test; RBD: receptor binding
domain; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; WT: wild type.

A. PRNT_ antibody titres to BA.1, BA.2 or WT viruses in acute and convalescent sera of previously uninfected people with BA.1 (n=14) and
BA.2 (n=20) breakthrough infections as well as in previously uninfected unvaccinated individuals (n=7) with BA.2 infections (Table
2 displays details on age, sex, type of vaccine, days after onset of infection). Black open circles indicate data from single acute or
convalescent sera with no paired sera. The dashed horizontal line indicates the predicted threshold of PRNT, antibody titre conferring 50%
protection (25.6), and shading indicates 95% confidence intervals [11,16].

B. Surrogate virus neutralisation test (sVNT): antibody activity against Delta, Beta and WT is assessed as % inhibition of binding of these
viruses’ RBD to SARS-CoV-2 ACE2 receptors. Positive cut off was 30% inhibition, as indicated by the dashed horizontal line.
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vaccine effectiveness for Omicron subvariant BA.1 does
show evidence of waning over time [8].

Although individuals convalescing from WT SARS-
CoV-2 had low (GMT:9.0;95%Cl:6.7-12.2) BA.2
PRNT, antibody titres, one dose of Comirnaty
vaccine was sufficient to elicit markedly higher
PRNT,  antibodies (GMT:144.2;95%Cl:113.2-183.6)
than three doses of Comirnaty in infection naive
individuals ~ (GMT:95.1;95%Cl: 45.5-99.6).  These
findings are similar to what was observed with BA.1
[6] and suggest that ‘hybrid immunity’ may be supe-
rior to immunity from vaccine alone, as regards the
neutralising antibody responses [6,27,28]. SARS-CoV-2
convalescent individuals given one dose of CoronaVac
also elicited significantly higher PRNT, titres
(GMT:28.3;95%Cl: 20.8-38.4) compared with three
doses of CoronaVac vaccine (GMT: 9.3;95% Cl: 7.8—11.5).

In BA.1 and BA.2 breakthrough infections occurring in
vaccinated individuals, we saw rapid and high boost in
neutralising antibody levels to the infecting virus sub-
variant as well as broad cross-neutralisation of other
variants (Delta and Beta) and WT virus (Table 2, Figure
3). Similar data have been previously reported with
COVID-19 Vaccine Janssen immunisations for WT, Beta
and Delta variants, and for Omicron [12,27]. Thus, it
appears that breakthrough infections in vaccinees
lead to eliciting broad cross-neutralisation to a range
of virus variants, and one may speculate whether this
increased breadth of reactivity may also cover future
variants, reflecting a different aspect of ‘hybrid immu-
nity’ [28]. Given the large number of Omicron BA.1
or BA.2 infections that have taken place in countries
with relatively high vaccination rates such as United
Kingdom [29], it is likely that many of these were vac-
cine breakthrough infections. Thus, our findings may
imply that individuals with breakthrough infections
have broad cross-immunity to SARS-CoV-2 variants
and this may in turn have positive public health impli-
cations at the population level. In marked contrast, in
those without prior vaccination or infection, BA.2 infec-
tions led to low PRNT, antibody responses to BA.2 and
lower cross-reactivity to other variants.

This study has a number of limitations. Only 20 indi-
viduals in each vaccine or convalescent group were
studied. However, they were randomly drawn from
larger cohorts and were likely to be representative.
Furthermore, power calculations had suggested that
these numbers were more-than-adequate to show sta-
tistically significant differences between individual
groups, and this is what was observed.

Secondly, the protective correlates we have used pri-
marily relate to protection from symptomatic rein-
fection, not necessarily severe disease and death.
Vaccines, including inactivated vaccines may be more
effective at protecting from hospitalisation and severe
disease, for example, via T-cell immunity. We have
not investigated vaccine-elicited cross-reactive T-cell

10

against BA.2. It is known that T-cell responses can con-
tribute to protection from infection and disease [30]
and that T-cell epitopes are substantially conserved
between BA.1 and ancestral virus [31]. However, quan-
titative correlates of T-cell responses that may relate to
protection are lacking.

Conclusions

Three doses of Comirnaty appeared to elicit higher
PRNT antibody titres against Omicron subvariant BA.2
than three doses of CoronaVac. A single dose of either
vaccine in those with previous SARS-CoV-2 infection
elicited higher PRNT antibody responses than even
three doses of the respective vaccine in infection naive
individuals. Breakthrough BA.1 or BA.2 infection in
previously vaccinated individuals appeared to provide
broad cross-neutralisation against a range of SARS-
CoV-2 variants of concern. In contrast, BA.2 infection
in non-vaccinated individuals provided low PRNT anti-
body responses to BA.2 with minimal breadth of cross-
neutralisation and they may be susceptible to infection
with BA.1 or other variants.
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