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Neutralisation of SARS-CoV-2 lineage P.1 by antibodies
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Summary

Background Mutations accrued by SARS-CoV-2 lineage P.1—first detected in Brazil in early January, 2021—include
amino acid changes in the receptor-binding domain of the viral spike protein that also are reported in other variants
of concern, including B.1.1.7 and B.1.351. We aimed to investigate whether isolates of wild-type P.1lineage SARS-CoV-2
can escape from neutralising antibodies generated by a polyclonal immune response.

Methods We did an immunological study to assess the neutralising effects of antibodies on lineage P.1 and lineage B
isolates of SARS-CoV-2, using plasma samples from patients previously infected with or vaccinated against
SARS-CoV-2. Two specimens (P.1/28 and P.1/30) containing SARS-CoV-2 lineage P.1 (as confirmed by viral genome
sequencing) were obtained from nasopharyngeal and bronchoalveolar lavage samples collected from patients in
Manaus, Brazil, and compared against an isolate of SARS-CoV-2 lineage B (SARS.CoV2/SP02.2020) recovered from a
patient in Brazil in February, 2020. Isolates were incubated with plasma samples from 21 blood donors who had
previously had COVID-19 and from a total of 53 recipients of the chemically inactivated SARS-CoV-2 vaccine
CoronaVac: 18 individuals after receipt of a single dose and an additional 20 individuals (38 in total) after receipt of
two doses (collected 17-38 days after the most recent dose); and 15 individuals who received two doses during the
phase 3 trial of the vaccine (collected 134-230 days after the second dose). Antibody neutralisation of P.1/28, P.1/30,
and B isolates by plasma samples were compared in terms of median virus neutralisation titre (VNT;,, defined as the
reciprocal value of the sample dilution that showed 50% protection against cytopathic effects).

Findings In terms of VNT,,, plasma from individuals previously infected with SARS-CoV-2 had an 8- 6 times lower
neutralising capacity against the P.1 isolates (median VNT;, 30 [IQR <20-45] for P.1/28 and 30 [<20-40] for P.1/30)
than against the lineage B isolate (260 [160-400]), with a binominal model showing significant reductions in lineage
P.1isolates compared with the lineage B isolate (p=0-0001). Efficient neutralisation of P.1 isolates was not seen with
plasma samples collected from individuals vaccinated with a first dose of CoronaVac 20-23 days earlier (VNT;;s
below the limit of detection [<20] for most plasma samples), a second dose 17-38 days earlier (median VNT,
24 [IQR <20-25] for P.1/28 and 28 [<20-25] for P.1/30), or a second dose 134-260 days earlier (all VNT,;s below limit
of detection). Median VNT,s against the lineage B isolate were 20 (IQR 20-30) after a first dose of CoronaVac
20-23 days earlier, 75 (<20-263) after a second dose 17-38 days earlier, and 20 (<20-30) after a second dose
134-260 days earlier. In plasma collected 17-38 days after a second dose of CoronaVac, neutralising capacity against
both P.1 isolates was significantly decreased (p=0-0051 for P.1/28 and p=0-0336 for P.1/30) compared with that
against the lineage B isolate. All data were corroborated by results obtained through plaque reduction neutralisation
tests.

Interpretation SARS-CoV-2 lineage P.1 might escape neutralisation by antibodies generated in response to polyclonal
stimulation against previously circulating variants of SARS-CoV-2. Continuous genomic surveillance of SARS-CoV-2
combined with antibody neutralisation assays could help to guide national immunisation programmes.

Funding Sao Paulo Research Foundation, Brazilian Ministry of Science, Technology and Innovation and Funding

Authority for Studies, Medical Research Council, National Council for Scientific and Technological Development,
National Institutes of Health.

www.thelancet.com/microbe Vol 2 October 2021

! @

Lancet Microbe 2021;
2:e527-35

Published Online

July 8,2021
https://doi.org/10.1016/
$2666-5247(21)00129-4

*Contributed equally

tSenior authors; contributed
equally

For the Portuguese translation of
the abstract see Online for
appendix 1

Virology Research Centre,
Ribeirdo Preto Medical School,
University of Sdo Paulo,
Ribeirdo Preto, Brazil

(W M Souza PhD); Laboratory of
Emerging Viruses

(MR Amorim MSc,

D AToledo-Teixeira MSc,

G Fde Souza MSc,

S P Muraro MSc, P L Parise BSc,
P P Barbosa MSc,

K Bispo-dos-Santos BSc,

L S Mofatto PhD,

CL Simeoni BSc, F Granja PhD,

J L Proenga-Mddena PhD),
Autoimmune Research
Laboratory (N S Brunetti BSc,
A S Farias PhD), Laboratory of
Immunoinflammation
(ABSPGomes BSc,

M AR Vinolo PhD), and Animal
Virology Laboratory

(Prof CW Arns PhD),
Department of Genetics,
Microbiology and
Immunology, Institute of
Biology, University of
Campinas, Campinas, Brazil;
Brazilian Biosciences National
Laboratory, Brazilian Centre for
Research in Energy and
Materials, Campinas, Brazil

(R Sesti-Costa PhD,

L D Coimbra MSc,

R E Marques PhD); Hematology

e527


http://crossmark.crossref.org/dialog/?doi=10.1016/S2666-5247(21)00129-4&domain=pdf

Articles

and Hemotherapy Center

(R Sesti-Costa, A S S Duarte PhD,
A B Zangirolami MSc,

C Costa-Lima MSc), Hematology
and Transfusion Medicine
Center (V A Costa BSc,

G M Ferreira BSc,

M Addas-Carvalho PhD,

B D Benites PhD), Experimental
Medicine Research Cluster,

(M A'S Mori PhD, A S Farias,

J L Proenga-Médena), and
Obesity and Comorbidities
Research Center

(M A'S Mori, A S Farias),
University of Campinas,
Campinas, Brazil; Tropical
Medicine Institute, Medical
School (I M Claro BSc,

T M Coletti BSc, F C Sales BSc,

L A M Franco PhD,

) Gde Jesus PhD, CA M Silva BSc,
M S Ramundo PhD, G M Ferreira,
M C Pinho BSc, L M Souza BSc,

E CRocha BSc, P S Andrade BSc,
E R Manuli BSc, N R Faria DPhil,
Prof E C Sabino PhD),
Department of Infectious and
Parasitic Disease, Medical
School (I M Claro, F C Sales,

E R Manuli, Prof E C Sabino), and
School of Public Health

(P S Andrade), University of
Séo Paulo, Sdo Paulo, Brazil;
Brazilian Laboratory on
Silencing Technologies

(LI Buscaratti BSc,

G C Maktura PhD,

H Marques-Souza PhD) and
Laboratory of Aging Biology,
(M A'S Mori), Department of
Biochemistry and Tissue
Biology, Institute of Biology,
University of Campinas,
Campinas, Brazil; Department
of Zoology, University of
Oxford, UK (D S Candido MSc,
0G Pybus DPhil,

CDye DPhil, N R Faria);
Laboratory of Virology,
Institute of Biomedical
Sciences, Federal University of
Uberlandia, Uberlandia, Brazil
(G M Ferreira); Fundagao
Hospitalar de Hematologia e
Hemoterapia do Amazonas,
Manaus, Brazil

(M AE Crispim PhD);
Department of Clinical
Pathology (M N N Santos PhD)
and Department of Internal
Medicine (R N Angerami PhD,
Prof M L Moretti PhD), School of
Medical Sciences, University of
Campinas, Campinas, Brazil;
CDL Laboratério Santos e Vidal,
Manaus, Brazil (C C Camilo BSc);
Campinas Department of
Public Health Surveillance,
Campinas, Brazil

(R N Angerami); One Health

e528

Copyright © 2021 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 is a betacoronavirus (in the Coronaviridae
family) that was first reported in Wuhan, China, in
December, 2019.! As of May 7, 2021, SARS-CoV-2 has
caused more than 155 million cases and 3-2 million
deaths globally.? More than 1-45 million SARS-CoV-2
genome sequences have been classified in over
900 lineages.’ The appearance and spread of some
mutations in the spike protein, such as Asp614Gly,
have resulted in more transmissible SARS-CoV-2
variants.* The spike protein’s receptor-binding domain
(RBD) and N-terminal domain (NTD) are the primary
targets of neutralising antibodies in the SARS-CoV-2
response;** however, the RBD is a highly variable region,
and circulating SARS-CoV-2 might be wunder
antibody-mediated selective pressure.” Consequently, the
emergence of SARS-CoV-2 variants with mutations in
the RBD has raised concerns that neutralising antibody
responses, and the effectiveness of vaccination pro-
grammes, could be compromised.®

In late 2020, the B.1.1.7 lineage was detected in the UK
and the B.1.351 lineage detected in South Africa.”” As of
May 7, 2021, B.1.1.7 has been identified in 114 countries
and B.1.351 in 68 countries.” Both these lineages have
enhanced transmissibility compared with previously
circulating SARS-CoV-2 lineages, and carry unique
constellations of spike protein mutations. Wild-type
SARS-CoV-2 isolates or pseudoviruses carrying the same
mutations described in these lineages showed reduced
neutralisation by immune sera from individuals who
had received an mRNA vaccine (eg, BNT162b2

Research in context

Evidence before this study

The emergence of variants of concerns of SARS-CoV-2 with
multiple mutations in the spike protein has caused concern
about the potential for the virus to evade antibody responses
elicited by previous SARS-CoV-2 infections or vaccinations.
We searched PubMed without language restriction until

May 5, 2021, for studies published with the terms
“SARS-CoV-2 lineage P.1" or “escape neutralization” and
“CoronaVac vaccine”, and found evidence that P.1 can escape
neutralisation by antibodies generated through natural
SARS-CoV-2 infection or through vaccination with mRNA or
adenoviral-vectored SARS-CoV-2 vaccines. However, most of
these studies have used pseudoviruses or an infectious clone
system with chimeric viruses. To our knowledge, there is
scarce information about the ability of wild-type P.1

isolates of SARS-CoV-2, containing the complete set of
signature mutations, to escape from neutralising

antibodies present in individuals previously infected

with SARS-CoV-2 or vaccinated with an inactivated vaccine.

[tozinameran; developed by Pfizer-BioNTech] or
mRNA-1273 [Moderna]) or adenoviral-vectored vaccine
(eg, ChAdOx1nCoV-19 [Oxford University—AstraZeneca)),
suggesting that these lineages might be inhibited by
vaccine-mediated humoral immunity." A new SARS-
CoV-2 lineage P.1 was discovered in Manaus, Brazil, in
early January, 2021.* P.1 has a signature set of 15 unique
amino acid changes, including a trio of mutations
(Lys417Thr, Glu484Lys, and Asn501Tyr) in the RBD that
also are present in the B.1.351 lineage." In this study, we
investigated whether the full set of mutations found in
the spike protein of the P.1 lineage can escape from
neutralising antibodies generated by patients with a
history of COVID-19 or by individuals previously
immunised with the inactivated SARS-CoV-2 vaccine
CoronaVac.”

Methods
Overview
We did an immunological study to assess the neutralising
effects of antibodies on lineage P.1 and lineage B isolates
of SARS-CoV-2, using plasma samples from patients pre-
viously infected with or vaccinated against SARS-CoV-2.
All procedures followed the ethical standards of the
responsible committee on human experimentation and
approved by the ethics committees from the University of
Campinas (Campinas, Brazil; approval numbers CONEP
4.021.484 [for plasma collection of blood donors], and
CAEE 32078620.4.0000.5404 and 30227920.9.0000.5404 [ for
the sampling of vaccinated and viral genome sequencing,
respectively]). All patient data were anonymised before use

Added value of this study

This study showed that antibodies present in the plasma of
blood donors with a history of COVID-19 or individuals
vaccinated with CoronaVac were less efficient at neutralising
SARS-CoV-2 lineage P.1 isolates than a lineage B isolate.

Implications of all the available evidence

Neutralising antibodies are an important correlate of protection of
the human immune response against SARS-CoV-2. Therefore, the
capacity of the P.1 lineage to evade antibodies present in the
plasma of naturally infected or CoronaVac-immunised individuals
suggests that variants of concern might escape population
immunity and continue to circulate in populations, even with high
vaccination coverage with inactivated vaccines. Consequently,
continued surveillance of neutralising antibody levels and genetic
diversity of SARS-CoV-2 strains will be needed to monitor
potential viral mutants with increased ability to escape immune
responses in vaccinated individuals and to guide potential updates
of national and international immunisation programmes.
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in the study, and patients gave informed consent for
inclusion in the study.

SARS-CoV-2 isolates

Samples of SARS-CoV-2 P.1 were obtained from residual
nasopharyngeal lavage specimens from two patients
with COVID-19, obtained from the Hematology
and Hemotherapy Hospital Foundation of Amazonas
(Fundagdo Hospitalar de Hematologia e Hemoterapia do
Amazonas, Manaus, Brazil). The samples were confirmed
to be positive for SARS-CoV-2 infection by real-time
quantitative RT-PCR (RT-qPCR) with cycle threshold (Ct)
values of 22 and 17 All nasopharyngeal samples used in
this study were collected from patients on Dec 21, 2020,
and had been previously classified as being infected with
SARS-CoV-2 of the P.1 lineage by viral genome
sequencing.”

Nasopharyngeal lavage samples were inoculated into
Vero cells (CCL-81; ATCC, Manassas, VA, USA) for virus
isolation, using previously described methods." Briefly,
Vero cells were plated in a T25 cell culture flask at a
concentration of 5x105 cells per mL with Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% fetal
bovine serum (FBS) and 1% penicillin-streptomycin
solution (10000 U/mL penicillin and 10 mg/mL
streptomycin; Sigma-Aldrich, St Louis, MO, USA).
Samples were thawed on ice, diluted 1:10 in DMEM, and
centrifuged at 12000xg for 5 min at 4°C. Samples were
filtered with 0-22 pm syringe filters and incubated on ice
for 1 h with penicillin-streptomycin solution and
amphotericin B (250 pg/mL, 1:1; Sigma-Aldrich) in a final
dilution of 1:10. After incubation at 37°C for 1 h for
adsorption, the inoculum was removed from the culture
and replaced with fresh culture medium. Cells were
incubated at 37°C and observed for cytopathic effects
daily, to 72 h. Subsequently, the cell culture supernatant
was collected and viral replication was confirmed through
RT-qPCR. Viral RNA was extracted from the supernatant
cells with a Quick-RNA Viral Kit (Zymo Research, Irvine,
CA, USA) following the manufacturer-recommended
procedures. RT-qPCR was used to confirm viral isolation
through a decrease in the Ct value.” All experiments
related to cell culture and viral replication were done in
the biosafety level 3 laboratory of the University of
Campinas Emerging Viruses Laboratory (Campinas,
Brazil). We also sequenced SARS-CoV-2 genomes from
two isolates using the ARTIC version 3 protocol with
MinION sequencing (Oxford Nanopore Technologies,
Oxford, UK), as described elsewhere.*

For comparison, we also used a B lineage isolate
(SARS.CoV2/SP02.2020, GenBank accession number
MT126808) recovered from a sample collected on
Feb 28, 2020, in Brazil.®

Immunofluorescent staining

Infection by isolates was confirmed by an immuno-
fluorescent staining. Vero cells were plated onto silanised
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glass slides, fixed, and stained as previously described.”
Briefly, after fixation with 4% paraformaldehyde, cells
were washed with phosphate-buffered saline containing
Tween 20 (0-1 M, pH 7-4), then incubated for 10 min
with glycine (0-1 M) and treated for 30 min with 1%
bovine serum albumin (BSA) solution (Sigma-Aldrich).
Cells then were incubated overnight at 4°C with a
recombinant human IgG1 antibody against SARS-CoV-2
spike protein S1 subunit RBD (clone HC2001, catalogue
number A02038; GenScript, Piscataway, NJ, USA) or a
rabbit IgG antibody against SARS-CoV-2 nucleocapsid
protein (clone 001, catalogue number 40143-R001; Sino
Biological, Wayne, PA, USA) diluted 1:100 in 1% BSA.
The slides were washed and incubated for 2 h with
secondary antibodies (Alexa Fluor 488-conjugated goat
anti-human IgG, catalogue number A11013, Thermo
Fisher Scientific, Waltham, MA, USA; or Alexa Fluor
594-conjugated donkey anti-rabbit IgG, catalogue
number A21207, Thermo Fisher Scientific) diluted 1:500
in 1% BSA. Cells then were washed and stained with
4’ 6-diamidino-2-phenylindole dihydrochloride (DAPI;
catalogue number SC3598, Santa Cruz Biotechnology,
Dallas, TX, USA) for nuclear labelling and Alexa Fluor
647 phalloidin (catalogue number A22287, Thermo
Fisher Scientific) to visualise F-actin. Microscopic images
were acquired with a Zeiss LSM 880 with Airyscan on an
Axio Observer 7 inverted microscope (Carl Zeiss,
Jena, Germany) with a C Plan Apochromat 63x/1-4 oil
differential  interference contrast objective lens
with 4x optical zoom. Before visual inspection of the
images, raw .czi files were automatically processed into
deconvoluted Airyscan images using Zen Black 2.3
software. DAPI staining was visualised with conventional
confocal imaging using a 405 nm laser line for excitation
and pinhole set to 1 Airy unit.

Plasma specimens

To evaluate the capacity of P.1 isolates to be neutralised
by antibodies generated against other, previously
circulating SARS-CoV-2 virus lineages, we collected
plasma from 21 blood donors who had a history of
SARS-CoV-2 infection confirmed by laboratory methods
between May and August, 2020 (months before the first
recorded infections associated with the P.1 lineage).
These patients had donated blood to a plasmapheresis
programme being run at the University of Campinas
(Campinas, Brazil). Plasma samples were obtained using
the Amicus automated blood cell separator (Fresenius
Kabi, Bad Homburg, Germany) at the Hematology and
Hemotherapy Center in the University of Campinas.
Clinical data for these patients were obtained
from electronic health records and included age, sex,
method of SARS-CoV-2 diagnosis (eg, laboratory
confirmed), duration of COVID-19 symptoms, time
between COVID-19 symptom onset and sample
collection, and whether hospitalisation was required
during SARS-CoV-2 infection (appendix 2 p 8). As a
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negative control, we also obtained plasma from a person
who had not been previously infected with SARS-CoV-2.

Plasma samples from vaccinated individuals were
acquired from 15 participants in the Sinovac phase 3 trial
(NCT04456595), and from 18 individuals who received a
single dose and 38 who received two doses of CoronaVac
during the Brazilian vaccination programme against
SARS-CoV-2. Samples were collected by venipuncture at
the Clinical Hospital of the University of Campinas
(Campinas, Brazil). The clinical trial was done in Brazil
following the Declaration of Helsinki and Good Clinical
Practice Guidelines and with approval by the Brazilian
Health Regulatory Agency. Full information was collected
for each individual and included age, sex, and dates of
first and second vaccine doses (appendix 2 pp 9-11).

IgM and IgG antibodies against SARS-CoV-2 spike and
nucleocapsid proteins in the plasma samples were
measured with Abbott SARS-CoV-2 chemiluminescence
microparticle immunoassays (catalogue numbers 6R87
and 6R86, Abbott, Chicago, IL, USA) using the Architect
instrument, in accordance with the manufacturer’s
instructions.

SARS-CoV-2 neutralisation tests

SARS-CoV-2 neutralisation tests were done as previously
described.” In brief, plasma samples from previously
infected and vaccinated participants were inactivated
at 56°C for 30 min. 100 pL aliquots of two-fold serial
dilutions (final dilution range 1:20 to 1:2560) of heat-
inactivated plasma were then incubated for 1 h at 37°C
with 100 pL of solution containing 103 plaque-forming
units (PFU) per mL of SARS-CoV-2 lineage P.1
(isolates P.1/28 and P.1/30) or lineage B (isolate
SARS.CoV2/SP02.2020).* After incubation, 120 pL
solution was transferred to 5x103 Vero cell monolayers
(multiplicity of infection 0-01) for 1 h at 37°C with
5% CO,. After virus removal, cells were incubated for
72 h with DMEM containing 10% FBS. The median virus
neutralisation titre (VNT,) for a plasma sample was
defined as the reciprocal value of the sample dilution that
showed 50% protection against cytopathic effects based
on the number of wells in which cytopathic effects were
observed, similar to a median tissue culture infectious
dose analysis (appendix 2 p 2). Each plasma sample was
tested in duplicate using two independent assays.

Plaque reduction neutralisation test

An in-house plaque reduction neutralisation test (PRNT)
was done as previously described.® Serial dilutions of
each serum sample from both previously infected and
vaccinated participants were incubated with a solution
containing 2x103 PFU/mL of SARS-CoV-2 lineages P.1
or B for 1h at 37°C. The virus—serum mixtures were
added to pre-formed Vero cell monolayers and incubated
for 1h at 37°C in 5% CO,. Subsequently, 1 mL of DMEM
containing 1% carboxymethylcelluloses and 5% FBS was
gently added to each well, and the plates were incubated

at 37°C in a 5% CO, atmosphere for 3 days. Finally, cells
were fixed with 2 mL of 8% formaldehyde solution
overnight and stained with 1% methylene blue (Sigma-
Aldrich) for 5 min. Plaque reduction was calculated for
each plasma sample-containing well relative to the
number of plaques in wells inoculated with SARS-CoV-2
alone (positive control; appendix 2 p 2). PRNT,, was
defined as the sample dilution that showed a 50%
reduction in number of plaques formed compared with
that in the positive control well.

Statistical analysis

To assess whether plasma VNT,s against isolates of
SARS-CoV-2 lineage P.1 were reduced compared with
those against SARS-CoV-2 lineage B in individuals with a
history of SARS-CoV-2 infection, we used a binomial
distribution model based on the proportion of samples in
each of two categories (differences >0 and differences <0).
The analysis was done in R Studio version 1.3.1073. The
statistical method is described in appendix 2 (p 1).

For analysis of differences in plasma neutralising
antibody titres, median PRNT (PRNT,) for each sample
was calculated as a mean of two technical duplicates, and
statistical significance of the differences between group
medians was determined by one-way ANOVA followed
by Tukey’s test of non-linear regression curves using
GraphPad Prism software (version 8.2.1).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors had full access to all the
data in the study and had final responsibility for the
decision to submit for publication.

Results

The two SARS-CoV-2 isolates obtained from naso-
pharyngeal samples (P.1/28 and P.1/30) were confirmed
as belonging to the P.1lineage by genome sequencing. We
obtained near-complete sequences, with genome coverage
of 83-7% for isolate P.1/28 and 99-6% for isolate P.1/30.
We confirmed all signature mutations of the P.1 lineage
on isolate P.1/30, and 13 of 15 amino acid signature
mutations’ in isolate P.1/28 (appendix 2 p 12). The
sequences were deposited in GISAID (EPI_ISL_1708317
and EPI_ISL_1708318). The full mutation set of
the P.1 signature mutations in the original samples was
previously confirmed.* Cytopathic effects in a Vero cell
monolayer were observed 3 days post-inoculation and cell
culture supernatant was harvested 4 days post-inoculation
(appendix 2 p 3). Viral titres were 7-2x104 for P.1/28
and 1-2x105 PFU/mL for P.1/30. The presence of
SARS-CoV-2 RNA was confirmed using RT-qPCR
targeting the envelope gene (appendix 2 p 3). The
immunofluorescence assay using commercial monoclonal
antibodies against SARS-CoV-2 spike protein subunit S1
RDB and nucleocapsid protein showed robust binding to
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Nucleocapsid protein Spike protein

Isolate P.1/28-infected cells Isolate B-infected cells Mock-infected cells

Isolate P.1/30-infected cells

Nucleocapsid and spike
proteins (merge)

Nucleocapsid and spike
proteins plus F-actin (merge)

Figure 1: Immunofluorescent staining with commercial antibodies against SARS-CoV-2 proteins

Images show staining of mock-infected Vero cells and of Vero cells inoculated with a SARS-CoV-2 lineage B isolate or a SARS-CoV-2 lineage P.1 isolate (P.1/28 or
P.1/30). Cells were stained with antibodies against SARS-CoV-2 nucleocapsid protein (red fluorescence, columns 1, 3, and 4) and spike protein (green fluorescence,
columns 2-4) and phalloidin for visualisation of F-actin filaments (pink fluorescence, column 4). Nuclei were labelled with 4’,6-diamidino-2-phenylindole
dihydrochloride (blue fluorescence). Slides were analysed by confocal microscopy and images were merged with Image).

the nucleocapsid protein but reduced binding to the spike
protein in SARS-CoV-2 lineage P.l-infected Vero cells
compared with binding in cells infected with the lineage B
isolate (figure 1).

Plasma samples were collected from 21 blood donors
(nine [43%] men and 12 [57%] women; median age
34 years [IQR 31-43]) with a history of laboratory-
confirmed SARS-CoV-2 infection. The median time
between onset of symptoms and blood sample

www.thelancet.com/microbe Vol 2 October 2021

collection was 65 days (45-69), and all samples had
high concentrations of SARS-CoV-2-specific IgM or IgG
antibodies (appendix 2 p 8). The negative control
sample, obtained from a person who had not previously
been infected with SARS-CoV-2, had undetectable
levels of anti-SARS-CoV-2 IgM and IgG antibodies. We
tested these plasma samples for neutralisation of the
isolates P.1/28 and P.1/30 and a Brazilian SARS-CoV-2
lineage B reference isolate (SARS.CoV-2/SP02.2020) on
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Figure 2: Neutralisation of SARS-CoV-2 lineages B and P.1 by plasma from previously infected or vaccinated individuals, according to VNT,,

Plasma samples were incubated with Vero cells infected with a SARS-CoV-2 lineage B isolate (SARS.CoV2/SP02.2020) or one of two lineage P.1 isolates (P.1/28 and
P.1/30) to assess VNT,, (defined as the reciprocal value of the plasma sample dilution that showed 50% protection against cytopathic effects). (A) Plasma from blood
donors previously infected with SARS-CoV-2 (n=21). (B) Plasma from individuals vaccinated with a single dose of CoronaVac vaccine during the Brazilian vaccination
programme (n=18), collected at a median 21 days (IQR 21-21; range 20-23) after receipt of the first dose. (C) Plasma from individuals vaccinated with two doses of

CoronaVac vaccine during the Brazilian vaccination programme (n=38), collected at a median 21 days (IQR 20-23; range 17-38) after receipt of the second dose.

(D) Plasma from individuals vaccinated with two doses of CoronaVac vaccine in the Sinovac phase 3 trial (n=15), collected at a median 158 days (IQR 156-170;
range 134-260) after receipt of the second dose. Dashed lines indicate the lower LOD of the VNT, assay for samples with low or absent virus neutralisation capacity.
Black circles indicate group medians for each isolate, with bars showing IQRs. Each data point is the average of a duplicate assay for each plasma sample, and

two independent assays were done for all groups (except the group of participants who received a single dose of vaccine, panel B). LOD=limit of detection

(VNT,, titre <20). ND=not detected (below LOD). VNT,,=median virus neutralisation titre.

the basis of VNT,,. A binominal model showed that
VNT,,s of plasma from previously SARS-CoV-2-infected
patients against the lineage P.1 isolates were signi-
ficantly reduced compared with those against the
lineage B isolate (p<0-0001; figure 2A). Plasma from
previously SARS-CoV-2-infected individuals had
median VNT,s of 30 for isolate P.1/28 (IQR <20-45)
and 30 for isolate P.1/30 (<20-40), compared with a
VNT,, of 260 (160-400) for the B lineage isolate,
indicating that the capacity of neutralisation antibodies
was around 8-6 times lower for P.1 lineage isolates
compared with the B lineage isolate (figure 2A;
appendix 2 p 8). Additionally, higher paired differences
in VNT,s between P.1/28 and B lineage isolates
corresponded to higher paired differences (data not
shown) between P.1/30 and B lineage isolates (Pearson’s

correlation 0-997), indicating consistency between
results for both isolates of P.1.

To investigate whether the P.1 lineage might also
escape neutralisation by antibodies induced by the
CoronaVac vaccine, a set of plasma samples was obtained
from 18 individuals (six [33%] men and 12 [67%] women);
median age 29 years [IQR 26-36]) who had received a
first dose of the vaccine 20-23 days earlier (median
21 days [21-21]), and from an additional 20 individuals
(38 in total; ten [26%] men and 28 [74%] women,; 30 years
[26-40]) who had received a second dose of vaccine
17-38 days earlier (median 21 days [20-23]; appendix 2
pp 9-10). The median VNT, of plasma samples from
participants after a single dose of CoronaVac was 20 (IQR
20-30) against the lineage B isolate, and almost all
plasma samples against both P.1 isolates had VNT;s
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below the limit of detection (<20; figure 2B; appendix 2
pp 9-10). The median VNT,s of plasma samples from
individuals who had received two doses of CoronaVac
were 75 (<20-263) against the lineage B isolate,
24 (<20-25) against isolate P.1/28, and 28 (<20-25)
against isolate P.1/30 (figure 2C; appendix 2 pp 9-10),
showing significant reductions with both lineage P.1
isolates compared with the lineage B isolate (p=0-0051
for P.1/28 and p=0-0336 for P.1/30).

Subsequently, we evaluated a set of plasma samples
from 15 participants who had received the vaccine, not
placebo, in the previously reported Sinovac phase 3 trial
in Brazil in August, 2020. CoronaVac-immunised
individuals (five [33%] men and ten [67%] women;
median age 34 years [32-39]) had received their
CoronaVac booster vaccination 134-260 days before
sample collection (median 158 days [156-170]). These
individuals had antibody titres (measured as relative
binding signals, compared with the cutoff value of each
assay) between 0-03 and 1-09 for IgM and between 0-06
and 0-38 for IgG antibodies (appendix 2 p 11). Plasma
samples from all trial participants had VNT;;s below the
limit of detection against both P.1isolates, and a median
VNT,, of 20 (<20-30) against the lineage B isolate
(figure 2D; appendix 2 p 11). Because these neutralisation
titres were near or below the limit of detection, statistical
significance could not be reached in the comparison of
the lineage B isolate with the P.1isolates (figure 2B, D).

Plasma samples from previously SARS-CoV-2-infected
individuals and CoronaVac-vaccinated individuals
(including those who had received one or two doses in the
Brazilian vaccination programme and those who received
two doses in the Sinovac trial) were tested by PRNT
against both P.1isolates and the B isolate. Plasma samples
from previously infected individuals had PRNT;, values of
1:25 against P.1/28 and 1:23 against P.1/30, whereas the
PRNT,, against the lineage B isolate more than 1:640—a
neutralising antibody capacity more than 25 times
higher (p<0-0001; figure 3A). In plasma samples from
individuals who had received a first dose of CoronaVac
20-23 days earlier or a second dose of CoronaVac
134-260 days earlier, we found no detectable neutralising
activity against the P.1 isolates (limit of detection 1:20),
whereas the PRNT;, value against the B isolate was
around 1:20 (figure 3B, D). By comparison, plasma
collected 17-38 days after a second dose of CoronaVac (in
those participants immunised in the national vaccination
programme) had a PRNT;,value around 1:80 for B lineage
and less than 1:20 for both P.1 lineage isolates, indicating
a neutralising antibody capacity of around a quarter
against P.1 isolates compared with those against the
lineage B isolate (p=0-0033; figure 3C).

Discussion

Our data suggest that P.1 lineage SARS-CoV-2 can escape
from neutralising antibody responses generated by
previous SARS-CoV-2 infection and, thus, that reinfection
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Figure 3: Neutralisation of SARS-CoV-2 lineages B and P.1 by plasma from previously infected or vaccinated
individuals, according to PRNT,,

Plasma samples were tested by PRNT in Vero cells after incubation with 100 plaque-forming units of different isolates
of SARS-CoV-2 (B and two isolates of P.1 lineages). PRNT,, represents the sample dilution that showed a 50%
reduction in plaque formation compared with a control well inoculated with SARS-CoV-2 alone (without plasma),
after linear regression analysis. Each data point represents the mean of all plasma samples for each group at each
dilution level (shown as log, serum dilution) and error bars represent SD. (A) Plasma from blood donors previously
infected with SARS-CoV-2 (n=21). (B) Plasma from individuals vaccinated with a single dose of CoronaVac vaccine
during the Brazilian vaccination programme (n=18), collected at a median 21 days (IQR 21-21; range 20-23) after
receipt of the first dose. (C) Plasma from individuals vaccinated with two doses of CoronaVac vaccine during the
Brazilian vaccination programme (n=38), collected at a median 21 days (IQR 20-23; range 17-38) after receipt of the
second dose. (D) Plasma from individuals vaccinated with two doses of CoronaVac vaccine in the Sinovac phase 3 trial
(n=15), collected at a median 158 days (IQR 156-170; range 134-260) after receipt of the second dose. All PRNT curves
for each sample used in the study are shown in appendix 2 (pp 4-7). PRNT=plaque reduction neutralisation test.

might be possible with antigenically distinct variants
with mutations in spike protein. Reinfection with P.1
lineage SARS-CoV-2 has been detected in Manaus,”
where high seroprevalence rates have previously been
observed.” Previous studies using serum or plasma
from people with a history of COVID-19 have shown
neutralising titres between 2-2 and 13-3 times lower
against isolates of wild-type virus or pseudoviruses
featuring the B.1.1.7, B.1.351, and P.1 constellations of
spike protein mutations, compared with other lineages
not containing these mutations.”*"

The neutralisation potencies of plasma samples from
individuals vaccinated with the BNT162b2, mRNA-1273,
and ChAdOx1 nCoV-19 vaccines were up to 13-3 times
lower (but remained neutralising) against the wild-type P.1
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isolate” and SARS-CoV-2 pseudoviruses containing spike
protein mutations (Glu484Lys, Lys417Thr, and Asn501Tyr)
present in the B.1.1.7, B.1.351, and P.1 lineages, in com-
parison with their neutralisation ability against lineages
not containing those mutation."* To date, the CoronaVac
vaccine has been approved for emergency use in Brazil,
China, Colombia, Indonesia, Mexico, and Turkey, and was
shown to be well tolerated and to induce humoral
responses against SARS-CoV-2 in phase 1/2 and phase 3
clinical trials.** Additionally, its efficacy against
symptomatic COVID-19 was estimated to be 50-7%.%
In Brazil, where the P.1lineage first emerged," CoronaVac
has been the main vaccine used in the national immun-
isation programme against SARS-CoV-2, accounting for
around 41 million (76%) of the total 53 million doses
administered in the country. Our data show that plasma
collected 20-23 days after a first dose of CoronaVac or
134-260 days after a second dose had low levels of
neutralising antibodies against the SARS-CoV-2 B lineage,
and many of these samples showed no inhibitory activity
against two wild-type P.1isolates at the limit of detection of
the VNT or PRNT assays. The low levels of neutralising
antibodies induced by this vaccine are consistent with the
phase 1/2 and phase 3 trial data.”* By contrast, neutralising
titres in individuals who had received two doses of
CoronaVac 21 days before sample collection was near 1:80
for B.1 and 1:20 for P.1 isolates. Collectively, the data
suggest that P.1 lineage virus might escape from
neutralising antibodies induced by an inactivated
SARS-CoV-2 vaccine, especially at 5 months after
vaccination as immunity wanes.

Human influenza virus vaccines are typically updated
when a more than four times reduction of neutralising
activity (based on haemagglutination-inhibition titres) is
detected against the new strains of the virus versus the
previously circulating strains.” Our results showed that
neutralising capacity of plasma from patients previously
infected with SARS-CoV-2 was at least 8-6 times lower
against two isolates of lineage P.1 than against a lineage
B isolate recovered from a virus previously circulating
in Brazil in late February, 2020." Sera from individuals
infected with common cold coronavirus HCoV-229E in
the 1980s and 1990s had a neutralising antibody capacity
atleast four times lower than those against contemporary
HCoV-229E strains,” an observation that is comparable
to the differences we observed in neutralising activity
between the B and P.1 SARS-CoV-2 strains. Another
study has shown that SARS-CoV-2 antibody levels start
decreasing within 5 months after initial infection,”
similar to our findings in the plasma of CoronaVac-
immunised individuals. Monitoring the reduction of
neutralisation activity of vaccinated individuals over time
and boosting immunity with updated vaccine versions
might be required to halt transmission of new variants.

Lower neutralising capacity of SARS-CoV-2 antibodies
and partial immunity against new variants could
suggest that reinfection might occur in convalescent or

even vaccinated individuals. Additionally, the delayed
production of neutralising antibodies has been associated
with impaired viral control and fatal COVID-19.* How-
ever, a phase 3 clinical trial showed that CoronaVac can
protect against severe COVID-19 and death.” Therefore,
neutralising antibodies might not be the only contri-
buting factor, and memory T cell or B cell responses
might reduce disease severity. Further clinical and
epidemiological studies are needed to clarify how
previous exposure through natural infection and
vaccination could protect against reinfection and primary
infection with existing and newly emerging variants of
concern.

In conclusion, our exploratory data suggest that
SARS-CoV-2 lineage P.1 can escape from neutralising
antibodies elicited during infection or immunisation
with previously circulating viral variants. Continued and
enhanced genetic surveillance of SARS-CoV-2 variants
worldwide, paired with plasma neutralising antibody
assays, could help to guide updates of immunisation
programmes.
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