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Objectives: The emergence of new variants of concern (VOCs) of severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) around the world significantly complicated the exit from Coronavirus dis- 

ease 2019 (COVID-19) pandemic. The aim of this study was to evaluate the serum neutralizing activity of 

three cohorts. 

Methods: BNT162b2 -elicited serum ( N = 103), candidates as hyper-immune plasma donors ( N = 90) and 

patients infected with the SARS-CoV-2 P1 variant ( N = 22) were enrolled. Three strains of SARS-CoV-2 

have been tested: 20A.EU1, B.1.1.7 (alpha) and P.1 (gamma). Neutralizing antibodies (NT-Abs) titers against 

SARS-CoV-2 were evaluated. 

Results: B.1.1.7 and P.1 are less efficiently neutralized by convalescent wild-type infected serums if com- 

pared to 20A.EU1 strain (mean titer 1.6 and 6.7-fold lower respectively). BNT162b2 vaccine-elicited hu- 

man sera show an equivalent neutralization potency on the B.1.1.7 but it is significantly lower for the P.1 

variant (mean titer 3.3-fold lower). Convalescent P.1 patients are less protected from other SARS-CoV-2 

strains with an important reduction of neutralizing antibodies against 20A.EU1 and B.1.1.7, about 12.2 and 

10.9-fold, respectively. 

Conclusions: BNT162b2 vaccine confers immunity against all the tested VOCs, while previous SARS-CoV-2 

infection may be less protective. 

© 2021 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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More than one year after the declaration of Coronavirus dis- 

ase 2019 (COVID-19) as a pandemic, 1 severe acute respiratory 

yndrome coronavirus-2 (SARS-CoV-2) is still spreading around the 

orld causing serious public health concerns. A number of effec- 

ive vaccines are being administered at an unprecedented pace, 

ecreasing the incidence and severe consequences of SARS-CoV-2 
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nfection. However, massive and prolonged worldwide replication 

et SARS-CoV-2 rapidly explore its genetic space and new vari- 

nts of concern (VOCs) eventually emerged by the end of 2020. 

riefly, VOC indicates a variant for which there is evidence of in- 

reased transmissibility and possibly more severe disease as well 

s decreased neutralization by antibodies elicited by natural infec- 

ion or vaccination with the original lineage, reduced effectiveness 

f treatments and diagnostic detection failures. The most relevant 

ariants emerged in United Kingdom (known as 20I/501Y.V1, VOC 

02,012/01, B.1.1.7, or alpha), South Africa (known as 20H/501Y.V2, 

.1.351, or beta) and Brazil (known as P.1, or gamma) during 2020 

ut started to spread all around the world between December 

020 and January 2021. 2 These variants possess different muta- 

ions on the receptor-binding domain (RBD) of the spike protein 

esponsible for binding to the ACE2 receptor on the human cell 

urface. Since the RBD is a major target for neutralizing antibodies 
eserved. 

https://doi.org/10.1016/j.jinf.2021.07.019
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.07.019&domain=pdf
mailto:annagidari91@gmail.com
mailto:anna.gidari@studenti.unipg.it
https://doi.org/10.1016/j.jinf.2021.07.019


A. Gidari, S. Sabbatini, S. Bastianelli et al. Journal of Infection 83 (2021) 467–472 

a

“

r

p

n

a

d

s

2

t

w

P

o

r

t

u

p

c

I

2

o

b

M

D

b

i

p

n

e

B

o

a

C

d

h

a

f

S

i

M

s

g

p

r

t

u

c

(

p

s

f

w

l

2

i

(

l

C

f

S

d

m

S

e

a

E

9

s

t

a

i

i

i

a

t

c  

t

w

t

a

p

T

s

S

Z

p

v

6

a

a

v

b

t

s

c

a

i

P

A

Q

u

t

3  

a

a

v

g

c

q

t

u  

l  

f

P

l

nd all the available vaccines have been produced based on the 

original” spike protein, the efficacy of vaccine-induced immune 

esponse is being questioned. Furthermore, convalescent people 

reviously infected and recovered from SARS-CoV-2 infection may 

o longer be protected against SARS-CoV-2 reinfection. 3 

In Italy, the SARS-CoV-2 lineage B.1, clade 20A.EU1 circulating 

cross Europe was first identified in March 2020 and remained 

ominant up to November 2020. 4 By the end of February 2021, 

urveillance data of Umbria region, Italy, revealed the SARS-CoV- 

 variants B.1.1.7 and P.1 as accounting for 36.2% and 51.1% of the 

otal cases analyzed, respectively. 5 

The vaccination campaign started by the end of December 2020 

ith the administration of BNT162b2 (Comirnaty® - BioNTech / 

fizer) COVID-19 mRNA vaccine, firstly to healthcare workers. The 

riginal aim of this study was to evaluate the dynamics and du- 

ation of SARS-CoV-2 neutralizing activity of BNT162b2 -elicited an- 

ibody. The subsequent emergence of the different VOCs allowed 

s to expand the study design and analyze the cross-neutralization 

attern with the different variants by using sera from subjects vac- 

inated with BNT162b2 or infected with different virus lineages. 

n particular, samples from patients infected with the SARS-CoV- 

 P.1 variant have been included in the study together with the 

nes having a history of SARS-CoV-2 infection from June to Octo- 

er 2020 and candidates as hyper-immune plasma donors. 

aterials and methods 

esign, setting and participants 

This research was approved by the Ethics Committee of the Um- 

ria Region (protocol number 20,686/21/OV) and it was conducted 

n accordance with the Declaration of Helsinki. All participants 

rovided written informed consent. The study used a longitudi- 

al cohort design, with three separate cohorts: healthcare work- 

rs of Perugia Hospital vaccinated with BNT162b2 (Comirnaty® - 

ioNTech/Pfizer) COVID-19 mRNA vaccine; patients with a history 

f SARS-CoV-2 infection from June to October 2020 and candidates 

s hyper-immune plasma donors; patients with documented SARS- 

oV-2 P1 variant infection. 

Samples of vaccinated patients were withdrawn after 14–21 

ays from the second dose. 

Furthermore, the subgroup of candidate plasma donors with 

igh neutralizing antibodies (NT-Abs) titers ( ≥1:160) was also an- 

lyzed separately to establish if the high titer would be confirmed 

or the B.1.1.7 and P.1 strains. 

ARS-CoV-2 strains and Vero E6 cell cultures 

All experiments were performed using three SARS-CoV-2 strains 

solated in our Biosafety Level 3 (BSL3) virology laboratory at Santa 

aria della Misericordia Hospital, Perugia, Italy, as previously de- 

cribed. 6 Briefly, the transport medium (UTM) of a nasopharyn- 

eal swab was incubated with a 1:1 nystatin (10,0 0 0 U/mL) and 

enicillin-streptomycin (10,0 0 0 U/mL) mixture for 1 h at 4 °C to 

emove bacterial/fungal contamination. The suspension was cen- 

rifuged at 400 × g for 10 min, and the supernatant was inoc- 

lated on an African green monkey kidney clone E6 (Vero E6) 

ells monolayer maintained in Eagle’s minimum essential medium 

MEM) supplemented with 10% fetal bovine serum (FBS) and 1% 

enicillin-streptomycin at 37 °C with 5% CO 2 . The viral titer in the 

upernatant was determined by Half-maximal Tissue Culture In- 

ectious Dose (TCID50) endpoint dilution assay 7 and stock aliquots 

ere stored at −80 °C. Whole-genome sequencing of multiple iso- 

ates was used to identify a SARS-CoV-2 genome belonging to clade 

0A.EU1 (lineage B.1) and clustered with viruses circulating in Italy 

n spring 2020, a SARS-CoV-2 genome belonging to clade B.1.1.7 
468 
better known as alpha variant), and a SARS-CoV-2 genome be- 

onging to clade P.1 (also known as gamma variant). 8 The SARS- 

oV-2 clade 20A.EU1 (lineage B.1) strain was isolated in May 2020 

rom a symptomatic patient during the first wave of infections. 

ARS-CoV-2 clade B.1.1.7 and P.1 were isolated on January 2021 

uring the third wave. Single virus stock aliquots were thawed im- 

ediately before each experiment and discarded after use. 

ARS-CoV-2 neutralization test 

Neutralizing antibodies (NT-Abs) titers against SARS-CoV-2 were 

valuated using flat-bottom tissue culture 96-well microtiter plates 

s previously published. 9 One day prior to the experiment, Vero 

6 cells (2.5 × 10 4 /well) were cultivated in MEM + 10% FBS in a 

6-well plate incubated at 37 °C + 5% CO 2 . Serum samples of each 

tudy cohort were heat-inactivated for 30 min at 56 °C before to be 

wo-fold serially diluted from 1:10 to 1:640 with MEM + 2% FBS 

nd seeded into 96-well microtiter plates. Each sample was tested 

n duplicate and mixed with an equal volume of medium contain- 

ng 50 TCID50 of SARS-CoV-2 selected strains and the plates were 

ncubated for 30 min at 37 °C. Sera with known neutralization titer 

nd medium were used as positive and negative control, respec- 

ively. Subsequently, the mixtures were transferred to Vero E6 cell 

ontaining plates and incubated for 72 h at 37 °C + 5% CO 2 . Then,

he medium was removed and the cells were fixed and stained 

ith 0.25% crystal violet and 10% formalin for 30 min at room 

emperature. The plates were washed to remove excess staining 

nd the absorbance at 595 nm was measured using a microtiter 

late reader (Multiskan Fc Photometer, Thermo Fisher Scientific). 

he neutralizing titer was determined as the maximum dilution 

howing reduction ≥ 90% of CPE respect to the virus control. 

anger sequencing and variant assignation 

Viral RNA was extracted from 150 μl of viral stock using the 

R Viral RNA Kit (Zymo Research), according to the manufacturer’s 

rotocol. The cDNA was generated by random hexamer-driven re- 

erse transcription using 10 μl of heat-denaturated RNA extract, 

60 μM dNTPs, 6 μl 5X ImProm-II TM Reaction Buffer, 50 ng hex- 

nucleotides, 1.5 mM MgCl 2 , 20 U RNasin® Plus RNase Inhibitor 

nd 1 U of ImProm-II TM Reverse Transcriptase (Promega) in a final 

olume of 30 μl. Reactions were run for 30 min at 37 °C followed 

y enzyme inactivation for 5 min at 80 °C. The cDNA was used as 

he template to amplify a spike region of about 20 0 0 nucleotides 

panning the mutations involved in variant designation. To design 

onserved primers, the alignment of reference genomes available 

t Gisaid site was used ( https://www.gisaid.org/ ). The PCR mixture 

ncluded 3 μl cDNA, 5 μl 5X Q5 Reaction buffer (NEB), 4 pmol 

1004-Fwd (5 ′ -AATTAGAGAAAACAACAGAGT-3 ′ ) and P976-Rev (5 ′ - 
AATTTGTGGGTATGGCAATAGAGTTA-3 ′ ), 150 μM dNTPs and 0.5 U 

5 Hot Start High-Fidelity DNA Polymerase (NEB) in a final vol- 

me of 25 μl. Reactions were performed with an initial denatura- 

ion step at 98 °C for 3 min followed by 40 cycles each including 

0 s at 58 °C, 1 min and 15 s at 72 °C and 10 s at 98 °C and

 final step at 72 °C for 5 min. Bidirectional DNA sequencing re- 

ctions were performed using the BrilliantDye TM Terminator Kit 

1.1 (Nimagen) with four different primers spanning the spike re- 

ion of interest. Briefly, 3 μl of PCR products, diluted at final con- 

entration of 1–3 ng/μl, were mixed with 3.2 pmol/μl of each se- 

uencing primer, 0.5 μl of BrilliantDyeTM Terminator Ready Reac- 

ion Sequencing and 2 μl of 5x Sequencing Buffer in a final vol- 

me of 10 μl. The reactions were denatured at 96 °C for 1 min fol-

owed by 25 cycles at 50 °C for 5 s, 60 °C for 4 min and 96 °C
or 10 s. Sequencing reactions were treated with X-Terminator®

urification kit (Applied Biosystems) and then resolved by capil- 

ary electrophoresis with the 3130 XL Genetic Analyzer (Applied 

https://www.gisaid.org/
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Fig. 1. Patients selection flowchart. Coronavirus disease 2019, COVID-19; Severe Acute Respiratory Syndrome Coronavirus 2, SARS-CoV-2; Neutralizing antibodies, NT-Abs. 
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iosystems). Chromatograms were assembled and edited with the 

NAStar 7.1.0 SeqMan module and imported in the clade assign- 

ent tool ( https://clades.nextstrain.org/ ) to determine the variant. 

tatistical analysis 

Statistical analysis was performed using Graphpad 8.3. Data 

ere tested for normality using the Kolmogorov-Smirnov test and 

ere presented as mean with the respective standard deviation 

SD) or median with interquartile range (IQR), as appropriate. Data 

ith normal distribution were analysed with one-way repeated 

easures analysis of variance (ANOVA) and Bonferroni’s multiple- 

omparison test. For nonparametric variables, the Friedman test 

nd Dunn’s multiple comparison test were performed. The rela- 

ionship between NT-Abs titre and time passed since diagnosis was 

valuated by Spearman r correlation test. A p-value < 0.05 was con- 

idered significant. 

esults 

esign, setting and participants 

As shown in Fig. 1 A-C, three cohorts of subjects were enrolled 

n this study. 

accinated healthcare workers 

This cohort was composed of 103 healthcare workers vacci- 

ated with the BNT162b2 COVID-19 mRNA vaccine ( Fig. 1 A). 

The mean age was 44.7 ± 10.1 years and 18.1% were male. 

ll subjects were tested for SARS-CoV-2 antibody before vaccina- 

ion. Ninety subjects had no SARS-CoV-2 infection, either before or 

ithin 21 days from completed vaccination. 

Three subjects had asymptomatic SARS-CoV-2 infection before 

accination. Six subjects had mild or asymptomatic SARS-CoV-2 in- 

ection between the first and second vaccine dose. Three subjects 

ere lost to follow-up. Another participant had an anaphylactic re- 

ction to the first dose of the vaccine and did not undergo the sec- 

nd one. Consequently, these 13 patients were analyzed separately. 

For subjects completing the two-dose vaccination schedule, 

erum samples were drawn in median 16 days (IQR 15–18 days) 

fter the second dose. 

The distribution of the 90 vaccinated healthcare workers ac- 

ording to NT-Abs titers is shown in Fig. 2 A, E. In detail, the me-

ian NT-Abs titer was 1:80 (1:40–1:80) when serum was tested 
469 
ith 20A.EU1 and B.1.1.7 strains. However, when the same sera 

ere tested with P.1 strain the median NT-Abs titer was 1:20 

1:10–1:40). The median NT-Abs titer was significantly higher for 

0A.EU1/B.1.1.7 than for P.1 ( p < 0.0 0 01). The mean titer was 3.3-

old higher for 20A.EU1 than P.1 strain. 

All the three subjects with previous SARS-CoV-2 infection had 

n NT-Abs titer of 1:640 for 20A.EU1 and B.1.1.7, and 1:160 to 

:640 for the P.1 variant. 

Among patients with SARS-CoV-2 infection occurring between 

he first and the second vaccine dose, 5/6 were from P.1 strain and 

/6 strain was not identified. Four of the five patients with P.1 in- 

ection were analyzed among the P.1 patients’ cohort, one was lost 

o follow-up. 

Only one participant developed SARS-CoV-2 infection after two 

eeks from completed vaccination: she was a young woman with 

n NT-Abs titer of 1:20 for 20A.EU1 and B.1.1.7 and 1:10 for P.1. 

he contracted the B.1.1.7 variant and complained mild cough and 

hinorrhea without fever. 

andidates as hyper-immune plasma donors 

We postulated that patients with a history of SARS-CoV-2 infec- 

ion acquired from June to October 2020 were infected with SARS- 

oV-2 lineage 20A.EU1, the highly predominant variant in Italy at 

hat time. 4 We enrolled 90 convalescent patients as candidates as 

yper-immune plasma donors ( Fig. 1 B). 

Patients were enrolled in a median of 67 days (IQR 43–87, range 

2–246) after diagnosis of SARS-CoV-2 infection. 

The distribution of NT-Abs titers is shown in Fig. 2 B, F. In de-

ail, the median NT-Abs titer was 1:160 (1:80–1:320), 1:80 (1:80–

:160) and 1:20 (1:10–1:40) when serum was tested with 20A.EU1, 

.1.1.7, and P.1 strains, respectively. The median NT-Abs titer was 

ignificantly higher for 20A.EU1 than for B.1.1.7 (mean titer 1.6- 

old higher) and P.1 (mean titer 6.7-fold higher) ( p = 0.0 0 02 and

 < 0.0 0 01 respectively). Furthermore, the median NT-Abs titer was 

ignificantly higher for B.1.1.7 than for P.1 (mean titer 4.2-fold 

igher) ( p < 0.0 0 01). 

A subgroup of 64 patients had a high NT-Abs titer ( ≥1:160) and, 

onsequently were considered eligible as hyper-immune plasma 

onors. This subgroup had a median NT-Abs titer of 1:240 (1:160–

:320), 1:160 (1:80–1:160) and 1:30 (1:20–1:40) when serum was 

ested with 20A.EU1, B.1.1.7, and P.1 strains, respectively ( Fig. 2 C, G). 

he median NT-Abs titer was significantly higher for 20A.EU1 than 

or B.1.1.7 (mean titer 1.8-fold higher) and P.1 (mean titer 8.5-fold 

https://clades.nextstrain.org/
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Fig. 2. Distribution of neutralizing antibodies (NT-Abs) titers of BNT162b2 -vaccinated healthcare workers ( N = 90) (A, E), convalescent candidates as plasma donors ( N = 90) 

(B, F), high titers plasma donors ( N = 64) (C, G) and SARS-CoV-2 P1 infected patients ( N = 25) (D, H). NT-Abs titers against SARS-CoV-2 were evaluated using flat-bottom 

tissue culture 96-well microtiter plate serum dilution assay. Serums have been tested against 20A.EU1, B.1.1.7 and P.1 strains isolated from symptomatic patients with 

Coronavirus disease 2019 (COVID-19). Panels A, B, C and D show NT-Abs titers distribution for the three strains. Panels E, F, G and H show how NT-Abs serum titers of each 

patient change for the three variants. Data were presented as median with interquartile range (IQR). The Friedman test and Dunn’s multiple comparison test were performed. 

A p-value < 0.05 was considered significant. ∗Significant if compared to 20A.EU1 strain. # Significant if compared to P.1 strain. 
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igher) ( p < 0.0 0 01) and it was higher for B.1.1.7 than for P.1 (mean

iter 4.3-fold mean titer) ( p < 0.0 0 01). 

ARS-CoV-2 P.1 variant infection cohort 

Twenty-two patients with ascertained SARS-CoV-2 P.1 infec- 

ion acquired from 21st November 2020 to 8th February 2021 in 

he Umbria region were enrolled, including 5 healthcare workers 

ho already had a dose of BNT162b2 vaccine ( Fig. 1 C). Two pa-

ients were tested at multiple time points, one 2 and the other 3 

imes. Each measure was considered separately, therefore, a total 

f 25 samples were considered for the analysis. The mean age was 

1.1 ± 19.8 years and 13 (59.1%) were male. Patients were enrolled 

 median of 21.0 days (IQR 15.3–34.0, range 12–94) after diagnosis 

f SARS-CoV-2 infection. 

The distribution of the 25 sera according to NT-Abs titers is 

hown in Fig. 2 D, H. In detail, the median NT-Abs titer was 1:10

IQR < 1:10–1:30, range < 1:10–1:80), 1:10 (IQR 1:5–1:20, range 

 1:10–1:80) and 1:80 (IQR 1:40–1:320, range < 1:10–1:640) when 

erum was tested with 20A.EU1, B.1.1.7, and P.1 strains, respectively. 

he median NT-Abs titer was significantly higher for P.1 than for 

0A.EU1 (mean titer 12.2-fold higher) and B.1.1.7 (mean titer 10.9- 

old higher) ( p < 0.0 0 01). The median NT-Abs titer was not signifi-

antly different for 20A.EU1 and B.1.1.7. 

No correlation between NT-Abs titre and time passed since di- 

gnosis was found for any of the three lineages. 
470 
iscussion 

The emergence of VOCs could significantly complicate SARS- 

oV-2 pandemic. Starting from January 2021, in the Umbria region, 

 small area in the center of Italy, SARS-CoV-2 B.1.1.7 and P.1 vari- 

nts widely spread causing an important increase of cases during 

he third wave. In particular, the prevalence of P.1 was dispropor- 

ionally higher, reaching 36.2% as compared to 4.1% of the whole 

taly, while the prevalence of B.1.1.7 was in line with the rest of 

he country (51.1% versus 54.0%, respectively). 5 It must be noted 

hat P.1 outbreaks involved healthcare workers and thus may have 

een easier to detect within surveillance programs. 

Few studies have so far investigated how different muta- 

ions/variants could impact the immunologic response both of vac- 

inated and convalescent people. Due to different complexity of 

he assays, neutralizing antibody titration has been used far more 

ften than analysis of cell mediated response and most stud- 

es have used pseudoviruses instead of live virus. However, neu- 

ralizing antibodies are of primary importance as a key compo- 

ent of immune memory providing sterilizing immunity. Even sub- 

terilizing NT-Abs titers would limit infection and COVID-19 sever- 

ty. 10 In this study, we only evaluated the role of neutralizing an- 

ibodies but, also CD4 + and CD8 + T cell responses play impor- 

ant roles in COVID-19 course modulating disease severity and con- 

rasting viral replication. Tarke et al. demonstrated that T cell re- 

ponses elicited by either SARS-CoV-2 natural infection or vaccina- 

ion with mRNA vaccines were not affected by the B.1.1.7, B.1.351, 
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.1 and CAL.20C variants. 11 However, SARS-CoV-2 specific CD4 + T 

ells and CD8 + T cells showed an earlier decline with a half-life 

f 3–5 months compared to IgG to the spike protein that was rel- 

tively stable over 6 months. 10 Sub-sterilizing immunity and T cell 

esponses probably contribute together to limit COVID-19 severity 

n patients with reinfection or infection after vaccination due to 

OCs. 

Neutralizing activity of BNT162b2 -elicited sera against B.1.1.7 

ariant was widely tested. All studies concluded that neutralizing 

ctivity to this VOC is largely preserved. Some authors demon- 

trated roughly equivalent NT-Abs activity to B.1.1.7 and the wild- 

ype strain, 12–14 while others detected less efficient neutralization 

gainst the B.1.1.7 variant. 15–19 In particular, different studies found 

 reduction of B.1.1.7 neutralizing titer from 1.9 to 3.3-fold respect 

o wild-type strain. 20–23 Edara et al. found significant differences 

nly from A.1 to B.1 and B.1.1.7, but not from B.1 and B.1.1.7. 16 In

ur study, no differences were found in post-vaccination sera for 

T-Abs titers to the 20A.EU1 and B.1.1.7 strains. 

Fewer studies are available for P.1 variant. Wanwisa et al. 

emonstrated that neutralization titers against P.1 and B.1.1.7 were 

imilarly reduced in BNT162b2 -elicited sera, while P.1 is signifi- 

antly less resistant to naturally acquired or vaccine induced anti- 

ody responses compared with B.1.351. This difference may be con- 

idered unexpected because P.1 and B.1.351 share the key E484K 

nd N501Y spike mutations. 20 Chen et al. studied the in vitro im- 

act of different SARS-CoV-2 spike protein mutations on serum 

eutralizing activity by introducing individual point mutations in 

he spike gene into an infectious complementary DNA clone of 

he 2019n-CoV/USA_WA1/2020. They found similarly reduced in- 

ibitory activity against viruses containing the E484K spike muta- 

ion, such as P.1 and B.1.351. 24 

Other studies reported the relative resistance of P.1 to neutral- 

zation by multiple therapeutic monoclonal antibodies, convales- 

ent plasma, and sera from vaccine recipients with respect to the 

ild-type strain. 12 , 25 , 26 Conversely, Liu et al., studying the neu- 

ralizing activity of BNT162b2 -elicited serum, did not find a signif- 

cant difference in neutralization activity across wild-type, B.1.1.7 

nd P.1 spike proteins, while neutralization of B.1.351-spike protein 

as still robust but lower, 14 a finding corroborated by other stud- 

es. 12 , 14 , 16 Overall, data on P.1 neutralization by antibody elicited 

y natural or artificial exposure to the wild type spike protein re- 

ain equivocal, likely due to the use of different methods and the 

ack of reference isolates at this time. 

In our study, the lower neutralizing activity of BNT162b2 - 

licited sera on the P.1 variant may explain the five cases of P.1 

ariant infection in vaccine recipients. 

Our vaccine recipients with previous SARS-CoV-2 infection had 

 neutralizing activity significantly higher for all the three strains 

ompared to the uninfected vaccinees. These results, despite the 

ow number of samples, are in line with the published data. 27 , 28 

Studies on SARS-CoV-2 convalescent patients who previously 

ontracted wild-type SARS-CoV-2 infection demonstrated neutral- 

zing activity to B.1.1.7 and P.1 VOCs but with significantly lower 

iters compared with the homologous virus (2–4.5-fold and 3.1- 

old, respectively). 15 , 20–23 , 25 , 26 However, few studies did not detect 

 reduction of activity on B.1.1.7, highlighting limited consistency of 

iterature data also with convalescent sera. 13 , 16 

Similar to our findings, Colier et al., demonstrated that vacci- 

ated patient serum has higher neutralizing activity against B.1.1.7 

ompared to convalescent ones (about 3.6-fold of difference). 23 

ndeed, in our study, vaccine sera neutralized both 20A.EU1 

nd B.1.1.7 strains with the same efficacy. We separately ana- 

yzed a subgroup of high NT-Abs titer convalescent patients (NT- 

bs ≥1:160) and we found that these sera could not be consid- 

red as hyperimmune to B.1.1.7 and P.1 VOCs because they were 
471 
ignificantly less effective in neutralizing these variants. Thus, the 

mergence of VOCs can abrogate this therapeutic option when the 

ARS-CoV-2 lineage of donors and recipient do not match. 

To the best of our knowledge, this is the first study that evalu- 

ted neutralizing activity of sera from P.1 variant infected patients 

o other SARS-CoV-2 lineages. As expected, we found an important 

eduction of NT-Abs against 20A.EU1 and B.1.1.7 strains (12.2 and 

0.9-fold, respectively). Considering that patients with a previous 

ild-type infection had a titer reduction of 6.7 and 1.58-fold on 

.1 and B.1.1.7, it appears that patients with a previous P.1 infection 

re less protected from further SARS-CoV-2 reinfections from other 

ariants. 

onclusions 

The impact of VOCs on serum neutralization activity and pro- 

ection from SARS-CoV-2 (re)infection needs to be further clarified. 

arious studies have shown different results and come to differ- 

nt conclusions. Our data corroborate the concept that B.1.1.7 and 

.1 are less efficiently neutralized by convalescent sera from sub- 

ects infected by the original virus. However, BNT162b2 vaccine- 

licited human sera have an equivalent neutralization potency on 

he B.1.1.7 but lower on the P.1 variant. Convalescent P.1 patients 

re less protected from other SARS-CoV-2 strains. 
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