1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Nat Med. Author manuscript; available in PMC 2022 September 01.

-, HHS Public Access
«

Published in final edited form as:
Nat Med. 2022 March ; 28(3): 486-489. doi:10.1038/s41591-022-01704-7.

Neutralizing antibodies against the SARS-CoV-2 Omicron BA.1
variant following homologous and heterologous CoronaVac or
BNT162b2 vaccination

Samuel MS Cheng, Chris Ka Pun Mok?2:3:9, Yonna WY Leung?, Susanna S Ng#, Karl CK
Chanl, Fanny W Ko#, Chunke Chen?:3, Karen Yiu#, Bosco HS Lam?®, Eric HY Laul:6, Ken KP
Chan?, Leo LH Luk?, John KC Lil, Leo CH Tsang?, Leo LM Poon:8, David SC Hui*’, Malik
Peiris18

1 School of Public Health, LKS Faculty of Medicine, The University of Hong Kong, Hong Kong
SAR, PR China.

2 The Jockey Club School of Public Health and Primary Care, The Chinese University of Hong
Kong, Hong Kong SAR, PR China.

3 Li Ka Shing Institute of Health Sciences, Faculty of Medicine, The Chinese University of Hong
Kong, Hong Kong SAR, PR China.

4 Department of Medicine & Therapeutics, Faculty of Medicine, The Chinese University of Hong,
Kong, Hong Kong SAR, PR China.

5 Department of Pathology, North Lantau Hospital, Hong Kong SAR, PR China.

6 Laboratory of Data Discovery for Health Limited (D24H), Hong Kong Science Park, Hong Kong
Special Administrative Region, China

7 Stanley Ho Centre for Emerging Infectious Diseases, Faculty of Medicine, The Chinese
University of Hong, Kong, Hong Kong SAR, PR China.

8 Centre For Immunology and Infection, Hong Kong Science Park, Shatin, Hong Kong SAR, PR
China.

® These authors contributed equally to the research.

Abstract

The Omicron variant is rapidly becoming the dominant SARS-CoV-2 virus circulating globally.
It is important to define reductions in virus neutralizing activity in serum of convalescent or
vaccinated individuals to understand potential loss of protection against infection by Omicron. We
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have previously established that a 50% plaque reduction neutralization (PRNT5q) antibody titre
>25.6 in our live virus assay corresponded to the threshold for 50% protection from infection
against wild-type (WT) SARS-CoV-2. Here we show markedly reduced serum antibody titres
against the Omicron variant (geometric mean titre (GMT) <10) as compared to wild-type virus
3-5 weeks after two doses of BNT162b2 (GMT 218.8) or CoronaVac vaccines (GMT 32.5).

A BNT162b2 booster dose elicited Omicron PRNT5g titres >25.6 in 88% of individuals (22 of
25) who previously received 2 doses of BNT162b2 and 80% of individuals (24 of 30) who
previously received CoronaVac. However, few (3%) previously infected individuals (1 of 30) or
those vaccinated with three doses of CoronaVac (1 of 30) met this threshold. Our findings suggest
that countries primarily using CoronaVac vaccines should consider mRNA vaccine boosters in
response to the spread of Omicron. Studies evaluating the effectiveness of different vaccines
against the Omicron variant are urgently needed.

A novel SARS-CoV-2 variant with increased transmissibility was first reported in South
Africa in November 20211, classified as a variant of concern and named Omicron (BA.1
sublineage of B.1.1.529)2. This variant has 37 amino acid substitutions in the spike protein
of the virus, 15 of them being in the receptor binding domain. It was predicted that some

of these amino acid substitutions would enable the evasion of neutralizing antibodies. Virus
neutralizing antibodies are a major determinant of protection from infection in humans

and in macaques experimentally challenged with virus34. Neutralizing antibody thresholds
associated with protection from re-infection or severe disease have been reported®:.
Although CD8 T cells have been shown to contribute to protection, quantitative correlates of
protection remain elusive. 4

CoronaVac is one of the WHO approved vaccines and over two billion doses have been
administered in more than 40 countries. Phase 3 randomized clinical trials of CoronaVac
showed vaccine efficacy of 50.7% and higher vaccine effectiveness against severe disease’:8.
However, there have been reports of breakthrough infections leading to severe disease and
death in CoronaVac vaccinated adults®. Data on the immunogenicity of current COVID-19
vaccines against the Omicron variant is urgently needed.

We have previously demonstrated that those vaccinated with BNT162b2 had markedly
higher levels of geometric mean PRNTsq antibody titres against SARS-CoV-2 isolated in
Hong Kong in January 2020 compared to those vaccinated with CoronaVac vaccines at
3-5 weeks post-second vaccine dose 10, Allowing for antibody waning, we estimated that
only 16% of the CoronaVac vaccinated individuals would retain PRNTgq antibody titres
above protective thresholds against the WT virus while 79.6% of BNT162b2 vaccinees
would, by six months after second dose of vaccinel®. Subsequently, we randomized the
cohort receiving CoronaVac vaccine to receive booster doses of CoronaVac or BNT162b2
and showed a marked increase in neutralizing antibodies to WT SARS-CoV-2 following
boosting with BNT162b2, but less of an increase with CoronaVac!l,

Here we compare PRNTgg and PRNTgg geometric mean antibody titres (GMTSs) to WT
SARS-CoV-2 and Omicron BA.1 variant in subsets of sera from 7 groups of vaccinated
individuals, convalescent individuals and individuals with breakthrough infections (Table
1, Extended Data Table 1, Extended Data Table 2). We evaluated sera from a) vaccinated
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individuals with no evidence of prior COVID-19 infection (see methods) 3-5 weeks after
receiving two doses of BNT162b2 (n=31) or two doses of CoronaVac (n=30), randomly
selected from a previous study, 10 and b) individuals 3-5 weeks after receiving a 3rd

dose of CoronaVac (n=30) or a heterologous booster dose of BNT162b2 after two prior
doses of CoronaVac (n=30), randomly selected from a previous study (ClinicalTrials.Gov
NCT04611243),11 and c) those receiving 3rd dose of BNT162b2 (n=25). We also evaluated
sera from the following groups of previously infected individuals: (a) individuals 143—

196 days post-infection who had recovered from COVID-19 (pre-omicron emergence) and
had not yet received vaccine (n=30),12 (b) COVID-19 convalescent individuals who had
received one dose of BNT162b2 (n=30) or (c) COVID-19 convalescent individuals who had
received one dose of CoronaVac (n=28). Sera collected during acute infection and during
convalescence from six Omicron-infected individuals identified in Hong Kong in November
and December 2021 were also profiled. Plaque reduction neutralization tests were carried
out as previously described (Methods).12:13 The highest serum dilutions neutralizing >50%
or =90% of plaques were regarded as the PRNTgg and PRNTgg, respectively. SARS-CoV-2
viruses used were a WT virus isolated in January 2020, an Omicron variant isolated on
November 13, 2021 and a Delta lineage virus isolated in June 2021.

The PRNTgg titres with the wild-type SARS-CoV-2 or Omicron variant in these cohorts
are shown in Figure 1. PRNTgg data are shown in Extended data figure 1. PRNTs titres

in all COVID-19 vaccinated or convalescent cohorts were markedly lower against Omicron
variant than against wild-type virus (Figure 1; Table 1). Relative to GMT against wild-type
virus, there was a 31-fold reduction post-two doses of BNT162b2 vaccine, a 6.5-fold
reduction post-two doses of CoronaVac vaccine and a 10.6-fold reduction in COVID-19
convalescent sera (Figure 1A, Tablel). Other studies have reported comparable reductions
in sera neutralizing titres in MRNA vaccinated or COVID-19 convalescent individualsl412,
However, it is important to note that comparison of fold-difference in GMT to the two
viruses is confounded when some vaccine groups have low neutralizing antibody GMT to
the wild-type virus, because only a smaller fold-reduction is possible before titres reach
the detection threshold. Booster doses of BNT162b2 and CoronaVac vaccines increased
Omicron PRNTgsg GMT from 7 to 77.8 and from 5 to 8.9, respectively but CoronaVac
vaccinees boosted with BNT162b2 had GMT of 59.2. COVID-19 convalescent individuals
had Omicron GMT of 8.1 and one dose of BNT162b2 or CoronaVac increased these GMT
to 130 and 29.7, respectively.

Using methods described by Khoury and colleagues®, we had previously determined that
the threshold for 50% protection from symptomatic WT SARS-CoV-2 infection was a
PRNTs titre of 25.6 with 95% confidence intervals of 18.3-36.012, Using this threshold for
protection, we observed that 30 of 31 BNT162b2 vaccinated individuals retained protective
PRNTs5q antibody titres to wild-type virus at 3-5 weeks after the second BNT162b2 dose
but only 2 in 31 met this threshold with Omicron variant. None of those vaccinated

with CoronaVac met this protection threshold with the Omicron variant (Tablel). A
homologous booster dose of BNT162b2 in individuals who had been previously vaccinated
with BNT162b2 restored protective thresholds of Omicron variant PRNT5q antibody in 22
of 25 vaccinees but a homologous booster dose of CoronaVac in CoronaVac vaccinees

did not (one in 30). However, following a heterologous BNT162b2 booster, 24 of 30
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individuals who had previously received two doses of CoronaVac had protective levels of
PRNTs5q antibodies to the Omicron variant. In previously infected individuals who were
subsequently vaccinated with 1 dose of either BNT162b2 or CoronaVac, 29 of 30 and 18 of
28 respectively had protective levels of PRNTs5q antibody to the Omicron variant, 3-5 weeks
after the vaccine dose (Table 1).

It was estimated that neutralizing antibodies were reduced by 4.7-fold within 5t0 5.8
months after the second dose of BNT162b2 vaccine and declined 6.4-fold within 6 months
following two doses of CoronaVac vaccination6:17_ It is not clear if antibody waning

is similar after a booster dose nor whether waning of cross-neutralization antibodies
against Omicron would follow similar kinetics. There is, however, evidence that waning of
protection against Delta variant following a booster dose of BNT162b2 is relatively rapid.18
Allowing for a hypothetical 4.7-fold decline of PRNTxgq antibody levels to Omicron variant,
we estimated that 7of 25 (28%) of those vaccinated and boosted with BTN162b2, and 8 of
30 (27%) CoronaVac vaccinated individuals boosted with BNT162b2 would retain PRNT5q
antibody levels above this threshold. However, 0 of 30 (0%) of individuals who received 3
doses of CoronaVac would.

Our COVID-19 convalescent cohort was already 4.8 to 6.5 months post-symptom onset

and only one of 30 individuals met the protective antibody threshold for Omicron variant.
Vaccinating COVID-19 convalescent individuals with one dose of BNT162b2 or CoronaVac
vaccine boosted PRNT5q antibody levels to above the protective threshold against Omicron
in 29 of 30 (97%) and 18 of 28 (64%) individuals respectively, at 3-5 weeks post-
vaccination. However, the levels achieved in CoronaVac vaccinated individuals (GMT 29.7)
was lower than for BNT162b2 (GMT 130), and assuming a 4.7-fold reduction in antibodies,
only 2 of 28 would have PRNT5 titres above 25.6 by 5-5.8 months post-vaccination,
although 19 of 30 of those receiving BNT162b2 would.

Six individuals with travel-associated vaccine breakthrough Omicron variant infection
were also studied, three with mildly symptomatic illness (Cases B, D, E) and three with
asymptomatic infection (Cases A, C, F). Five were males and one female, ranging in age
from 22-62 years, vaccinated with two doses of BNT162b2 (n=4), mMRNA-1273 (n=1) and
CoronaVac (n=1) (Extended data Table 2). Five of them had a first serum sample collected
within 1 day of RT-PCR diagnosis with Omicron infection and they all had Omicron
PRNTsg titres of 10 or lower, possibly explaining why they had Omicron breakthrough
infections even though three (A, D, F) had PRNTgg of 80-160 to WT virus (Extended data
figure 2). All five showed a rise in antibody titres to Omicron as well as to WT and Delta
viruses. None of these individuals were previously diagnosed with SARS-CoV-2 infection.
Acquiring Delta in infection in Hong Kong would be unlikely as there have been only 6
locally acquired Delta infections in Hong Kong in 2021. The duration of travel away from
Hong Kong for five of these individuals was 18-31 days (Extended Data Table 2) and it
would be unlikely that they recovered from Delta and got re-infected with Omicron within
that time. Three of them (A,D,F) had higher titres to WT than to Delta in the acute serum,
more compatible with vaccine immunity than past infection with Delta. The consistent
finding of boosting of antibody responses to Delta virus in these individuals may indicate
that Omicron infection in people vaccinated with mRNA or inactivated vaccines may lead to
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broadening immunity to a range of virus variants, even ones they have not been previously
exposed to. A similar finding of increased neutralizing antibodies to the Delta variant in
previously vaccinated individuals with Omicron infection has been reported by others.19

This study had some limitations. There were relatively small numbers in the individual
groups, but as estimated from our power calculations, the sample size was adequate to
demonstrate significant difference in neutralizing antibody responses between the groups
studied. We have not investigated other antibody activities, such as binding to spike protein
or binding to Fc receptors, which may enable antibody-dependent cell cytotoxicity. In a
previous study with the cohorts vaccinated with two doses of BNT-162b2 or two doses of
CoronaVac, we showed that both spike binding antibodies and FcgRIlla binding antibodies
correlated with the PRNT antibody responses.10 However, it is possible that these non-
neutralizing antibodies may play more important roles in protection from Omicron because
they may be less affected by the spike mutations found in the Omicron variant virus. We
have also not investigated T cell responses elicited by these vaccines, which may provide
protection.

In summary, we demonstrate that two doses of BNT162b2 or CoronaVac vaccines elicit low
neutralizing antibodies against the Omicron variant, even at 3-5 weeks post-vaccination.
Homologous or heterologous BNT162b2 booster doses following two doses of either
BNT162b2 or CoronaVac improve neutralizing antibody levels against Omicron variant at
3-5 weeks post-booster dose. Three doses of CoronaVac failed to elicit neutralizing antibody
responses to Omicron in most recipients. Our findings suggest that countries that primarily
use CoronaVac vaccines may need to consider mRNA vaccine boosters in response to the
spread of Omicron. However, It must be noted that CoronaVac has previously been shown to
elicit a wider range of virus-specific T cell responses, which may compensate for some loss
of neutralizing antibody protection.1% Immunogenicity studies provide rapid assessments

of potential protective effects of vaccines against novel variants but vaccine effectiveness
studies in the field are urgently required.

Clinical specimens:

Sera were randomly selected from two previously studied cohorts investigating
immunogenicity of two doses'9 or booster doses! of COVID-19 vaccines. The first study
had sera collected 3-5 weeks after the second dose of CoronaVac (28 days between first
and second dose) or BNT162b2 vaccines (21 days between first and second dose).10

The second cohort had sera collected 3-5 weeks after booster vaccination of CoronaVac
vaccinated individuals who were given a third dose of CoronaVac (interval between second
and third vaccine dose was 61-160 days)(17 of them also included in the previous two
dose CoronaVac study) or BNT162b2 (interval between second and third vaccine dose

was 51-141 days)(9 of them also included in the previous two dose CoronaVac study)
(ClinicalTrials.gov with identifier NCT04611243).11 A third group comprised of BNT162b2
vaccinated individuals receiving a third dose of BNT162b2 (180-234 days after second
dose) (4 of them included in the previous two dose BNT162b2 study) with serum collected
3-5 weeks after the third vaccine dose. None of these individuals had previous history
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of SARS-CoV-2 infection confirmed with negative 1gG to SARS-CoV-2 receptor binding
domain antibody® in the pre-first vaccine dose serum.

Separately, sera were obtained from an ongoing longitudinal study of virologically
confirmed SARS-CoV-2 convalescent individuals. Sera from non-vaccinated COVID-19
convalescent individuals were selected from day 143-196 days (4.7-6.5 months) post-
infection to represent waning antibody titres in convalescence (n=30).12 Sera were also
collected 3-5 weeks post vaccination from COVID-19 convalescent individuals who
received either BNT162b2 (n=30) or CoronaVac (n=28) vaccines.

These studies were carried out in Hong Kong during the period 215t February 2020 to
November 20t 2021 and was approved by the Joint Chinese University of Hong Kong-
New Territories East Cluster Clinical Research Ethics Committee (Ref no: 2020.229). All
participants provided informed written consent. Sample sizes for each group are indicated in
Table. See statistical methods for the basis for sample size calculations.

Sequential paired sera from six patients diagnosed with Omicron variant infection in
November-December 2021 were included as positive controls for comparison (See Extended
data table 2 for clinical details).

Vero-E6 cells (ATCC CRL-1586) and Vero E6 cells overexpressing TMPRSS2 (kindly
provided by Dr S Matsuyama and colleagues)?? were used. Cells were maintained

in Dulbecco’s Modified Eagle Medium (DMEM) medium (ThermoFisher Scientific),
Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS) (ThermoFisher
Scientific), Waltham, MA, USA) and 100 U/ml of penicillin—streptomycin (ThermoFisher
Scientific), Waltham, MA, USA). The cells used in the study were regularly tested for
mycoplasma contamination at the Core Facility, Centre for PanorOmic Sciences, The
University of Hong Kong. We used a strain of Omicron BA.1 variant isolated from the

nose & throat swab of a returning traveler diagnosed with Pango lineage B.1.1.529 Omicron
variant infection on November 13, 2021, while in hotel quarantine in Hong Kong. The virus,
designated hCoV-19/Hong Kong/\VM21044713_WHP5047-S5/2021 was isolated in Vero-E6
TMRSS2 cells and the passage level 3 virus aliquots were used in these studies. The virus
had amino acid R346 in the spike protein, as do the majority of Omicron variant viruses to
date. The wild type SARS-CoV-2 BetaCoV/Hong Kong/VVM20001061/2020 (WT) isolated
in Hong Kong in January 2020 was used for comparison. Delta lineage virus isolated

from a clinical specimen collected in June 2021 in Vero-E6 TMPRSS2 cells designated
hCoV-19/Hong Kong/21TM280310_HKUVOC0013/2021 was used for comparison. The
original clinical swab and the virus isolates were genetically sequenced and it was confirmed
that the isolates had identical amino acid sequence to the virus from the original swab. The
virus sequences reported are available in GISAID as EPI_ISL_412028, EPI_ISL_6716902
and EP1_ISL_6716902.

Plaque reduction neutralization tests 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 TMRESS2 cells.12:21 Serial two-fold dilutions from 1:10 to
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1:320 of each serum sample was incubated with 30—40 plaque-forming units of virus for

1 h at 37 °C. The virus-serum mixtures were added onto pre-formed cell monolayers and
incubated for 1 h at 37° C in 5% CO2 incubator. The cell monolayer was then overlaid with
1% agarose in cell culture medium and incubated for 3 days, at which time the plates were
fixed and stained. Antibody titers were defined as the highest serum dilution that resulted in
>90% (PRNTgg) reduction or >50% (PRNTs5g) in the number of virus plaques. This method
has been extensively validated on SARS-CoV-2 infected and control sera previously. 1220

The highest serum dilution neutralizing =50% and =90% of input plaques was regarded as
the 50% plaque reduction neutralization (PRNTsg) and PRNTg titres, respectively. A virus
back titration and a positive control serum was included in every experiment. The WHO
control serum NIBSC 20/136 was also included in two titrations and gave PRNT5 titres
of 20 and 40 with Omicron virus and 320 and 320 with wild-type virus. Virus titres are
designated as reciprocal of the serum dilution throughout the text.

Statistical analysis.

Sample size calculations: The maximum standard deviation (SD) of log titers for the
uninfected vaccinated groups were 1.37 and 1.77 for PRNT5q and PRNTgq respectively.
Assuming a 3-fold difference in GMT, a sample size of 10 in each group would have
statistical power of >0.99 and 0.94 for PRNT5q and PRNTgq respectively, for detecting a
difference between groups using two tailed Mann-Whatney U test. Comparisons between
groups with larger sample size or smaller within-group variation would have larger statistical
power.

Continuous variables were summarized as geometric mean with standard deviation (SD)
while categorical variables were summarized as proportions or percentage. Sera with
undetectable (<10) antibody titres were assigned an antibody titre of 5, for purposes of
geometric mean titre calculations or statistical comparisons. Comparison between antibody
titres to wild type and Omicron variant viruses was done using the two tailed Mann-Whitney
U test. Absolute P values were provided. P values < 0.05 were considered statistically
significant.
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Extended data Fig 1. 90% plaque reduction neutralization test (PRNT90) antibody titresto
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doses of BNT162b2 or CoronaVac vaccines, as indicated. B. SARS-CoV-2 convalescent

individuals with or without BNT162b2 or CoronaVac vaccines (one dose). See table
for numbers of individuals in each group. Mann-Whitney test (two tailed) was used for

significance testing. P values are denoted. Dotted line indicates the threshold of protection
and the shading indicates 95% confidence intervals (see text).
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Extended data Fig2. 50% plaque reduction neutralization test (PRNT50) antibody titresto wild-
typevirus, Omicron BA.1 variant and Delta variant in paired serain six vaccinated individuals
with breakthrough Omicron infections.

50% plaque reduction neutralization test (PRNT50) antibody titres wild type virus, Omicron

variant and Delta variant in paired sera in six vaccinated individuals with breakthrough

Omicron infections. The vaccine used in each individual is provided in the panel heading
and clinical data provided in extended data table 2. Dotted line indicates PRNT50 threshold
of protection and shading indicates 95% confidence intervals (see text).
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Extended data table 1:

Co-morbidities in the cohorts investigated.

Exposure group N Co-morbidity
None | Diabetes | Hypertension | Others | Not known

BNT162b2 2 doses 31| 18 2 7 10 0
BNT162b2 3 doses 25 | 13 0 3 2 8
CoronaVac 2 doses 30 | 18 1 5 9 0
CoronaVac 3 doses 30 | 20 3 3 8 0
CoronaVac 2 doses + BNT162b2 30 | 23 2 2 6 0
SARS-CoV-2 convalescent 30 | 11 5 8 19 0
SARS-CoV-2 convalescent + 1 dose 30| 14 5 6 15 0
BNT162b2

SARS-CoV-2 convalescent + 1 dose 28 14 4 4 14 0
CoronaVac

Individuals may have more than one co-morbidity.

Other: includes ischemic heart disease, hyperlipidaemia, renal disease, stroke, Thrombocytopenia, hepatitis B, hepatitis C,
post renal transplant (n=1), hyperthyroidism, hypothyroidism, asthma, gout, dermatitis, TB, depression.

Extended data table 2:

Clinical information on Omicron infections in returning travellers

Case Age | Sex | Dateof Type of Date of RT- Days Symptoms Period
number vaccine vaccine PCR since of travel
second diagnosis second
dose doseto
first RT-
PCR
positive
A 36 M 4/6/2021 BNT162b2 13/11/2021 163 Asymptomatic | 18 days
B 62 M 25/5/2021 BNT162b2 20/11/2021 187 Mild 31 days
C 37 M 25/6/2021 BNT162b2 7/12/2021 165 Asymptomatic | 19 days
D 22 M 29/5/2021 BNT162b2 19/12/2021 204 Mild 18 days
E 28 F 10/2/2021 CoronaVac 20/12/2021 312 Mild 20 days
F 37 M 5/10/2021 MRNA-1273 26/11/2021 53 Asymptomatic | 3 years
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Figure 1: 50% plaque reduction neutralization test (PRNT50) antibody titresto wild-type (WT)

virusand Omicron BA.1 variant.

A. Individuals with 2 or 3 doses of BNT162b2 or CoronVac vaccines, as indicated. B.
SARS-CoV-2 convalescent individuals with or without BNT162b2 or CoronaVac vaccine
(one dose). C. PRNTg titres to Omicron in the different groups with geometric mean +/-
SD are denoted. See Table for numbers of individuals in each group. Mann-Whitney test
(two tailed) was used for significance testing. P values for each comparison are denoted.
Dotted line indicates PRNTsgq threshold of protection and shading indicates 95% confidence

intervals (see text).
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