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Dear Editor, 

Stang and coworkers have recently reported in the Journal that

“RT-PCR test results as gold standard for assessing and control-

ling infectiousness fail”[1] . The authors analyzed two scenarios and

used Ct25 and Ct30 as thresholds for infectiousness and conclude

that more than the half of their patient cohort was unlikely to have

been infectious, i.e. the group of patients tested positive at Ct val-

ues > 25 or > 30. 

While we agree that Ct values are insufficient to determine the

infectiousness we would like to add that also for the cohort of vac-

cinated individuals the Ct values are rather misleading. As shown

in an early released study vaccinated people can not only become

infected with SARS-CoV-2 but the virus can successfully be isolated

by cell culture approaches, at least for a shorter time slot as in un-

vaccinated people [2] . Thereby, the viral loads as determined by the

Ct values do not significantly differ between vaccinated and unvac-

cinated cohorts. While the group from Berlin analyzed an outbreak

with the alpha variant, we made similar observations, also includ-

ing the wild type strain. 

In their recent report, Liu and coworkers demonstrated neutral-

ization of newly emerged SARS-CoV-2 variants after properly com-

pleted BNT162b2 vaccination [3] and referred to a previous publi-

cation, which already showed neutralizing of the B.1.1.7 variant [4] . 

The first case series resulted from screening examination of

medical stuff at a local maximum health care provider including

a 54 year old male with mild common cold symptoms twelve

weeks after second vaccination with BNT162b2. Analysis with the

SARS-CoV-2 two target PCR assay (Altona Diagnostics, Hamburg,

Germany) revealed CT-values of 23 for the E- and S-gene, while

the positive control showed a CT-value of 28. This patient was

infected with the SARS-CoV-2 α-variant determined by different

probe-based melting curve assays according to the manufacturer

(VirSNiP SARS-CoV-2 Spike, TIB-MolBiol, Berlin, Germany), which

detected the mutations delHV69/70, N501Y, and P681H. In ad-

dition two asymptomatic healthcare staff members were tested

SARS-CoV-2 positive (CT-values 36/36 and 30/30; E-/S-gene respec-

tively) after proven contact with a COVID-19 patient, despite be-

ing completely vaccinated with BNT162b2. The fourth patient was

infected 8 weeks after the second vaccination dose and suffered

from serious common cold symptoms lasting one week, while

being RT-PCR positive (CT-values between 30 and 33) for three

weeks. 

Regarding humoral immunity, Anchini and colleagues [5] con-

vincingly showed that after BNT162b2 vaccination previously un-

infected individuals had a significantly lower neutralizing antibody

titer after administration of a second vaccine dose compared to

previously infected individuals after a single dose, despite remark-
https://doi.org/10.1016/j.jinf.2021.06.023 

0163-4453/© 2021 The British Infection Association. Published by Elsevier Ltd. All rights r
ble antibody titres specifically binding SARS-CoV-2 spike protein.

his finding as well as the fact of an aged immune system [6] , 

7] must be taken into account when real-world effectiveness of

ovid-19 vaccines is discussed. 

In this context we investigated a nursing home outbreak in

hich 12 patients tested positive for SARS-CoV-2 with CT-values

etween 24 and 37, although all received the second vaccine dose

 80 days ago and although staff and visitors were tested negative

y rapid antigen tests. 

Most striking was that - until the end of April 2021 - 119 cases

ith confirmed positive PCR results > 14 days after second vacci-

ation were reported including one case of fatal SARS-CoV-2 pneu-

onia. In 37 cases CT-values were < 30 with a negative correlation

f SARS-CoV-2-mRNA load and days post vaccination. Moreover,

n several cases subsequent infections were confirmed by contact

racing (details to be published separately) suggesting that actual

ARS-CoV-2 vaccines do not lead to sterile immunity. Consider-

ng that all these observations have been made in the relatively

mall area of Cologne and its surroundings without any claim on

ompleteness this is absolute relevant for further strategies, es-

ecially as the findings suggest an insufficient immunity, lack of

rotection against colonization or infection, and a residual risk for

ransmission despite SARS-CoV-2 vaccination. For this reason, eas-

ng of pandemic-related restrictions or exemptions from hygiene

easures based on the vaccination status seems doubtful. 

Although determination of SARS-CoV-2 vaccination success, at

east as antibody titre (arbitrary units / ml), is not part of the

ctual vaccination campaign, a vaccine-induced immune response

n up to 92% cases must be assumed [8] . Nevertheless, studies on

verall neutralizing capacity do not take into account effects like

pecific T-cell release, heterogeneous antibody populations, or the

ccurrence of non-spike mutations influencing viral replication and

mmune response, which was also discussed by Liu et al. [3] . An-

ther effect that should also be considered is the general non-

asting triggering of the innate immunity by contact with foreign

NA [9-11] . 

This may explain why vaccination based neutralizing effects in

ome cases seem to be less sustained than assumed. In this con-

ext the “green passport”, which is still considered in Europe and

srael, is just a vaccination certificate not more, not less. The in-

ividual risk for severe/life threatening COVID-19 may be signifi-

antly reduced although fatal courses remain possible, but it must

e taken into account that any vaccinated individual may become

n, at least short term, spreader of the virus. 
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ear Editor , 

We read with interest the recently published manuscript of

imeglio et al., exploring the SARS-CoV-2 immune response and

accination of healthcare workers post-infection. 1 and here we re-

ort a case of SARS-CoV-2 infection with a P.1.1 variant lacking the

501 mutation in a vaccinated individual in Italy. 

COVID-19 vaccines are very effective in preventing infections,

ospitalizations and deaths. However, several cases of SARS-CoV-

 infections have been reported in vaccinated individuals (called

vaccine breakthrough cases”) inoculated with one or both doses of

accine. 2 This indicates that a small percentage of fully vaccinated

ubjects can be infected when exposed to the virus. Recently, in

he UK, South Africa, Brazil and most recently in India. 3–5 SARS-

oV-2 variants of concern (VOC) have been identified. These new

ariants harbor mutations in the spike protein, and particularly in

he receptor binding domain (RBD). These VOC are important be-

ause they show that a number of viral mutations are emerging

ith a potential impact on infectivity, immune escape and vaccine

ffectiveness. 

In the University Campus Biomedico Hospital (UCMB – Rome,

taly), vaccination of health care workers began on December, 2020

oon after followed by active monitoring of potential breakthrough

ases. For this reason, all health care workers, regardless of their

ymptomatic status, were tested weekly by molecular assay on na-

opharyngeal swabs. 

Here, we report the first case of SARS-CoV-2 P.1.1 infection lack-

ng N501 mutation in a fully vaccinated (Pfizer) 22-year-old female

urse, working in the COVID-Center of the UCBM. 

In early-January 2021, the nurse received the first vaccine dose

ollowed by the second shot three weeks after. Two weeks after

econd dose of vaccine, a first Quantitative IgG anti-spike chemi-

uminescent assay tested positive with 2362 BAU/mL. Quantitative

gG anti-spike assay was repeated after 45 and 90 days confirming

ositive results with 1029 BAU/mL and 432 BAU/mL, respectively.

hree months after the second dose the patient started present-

ng mild symptoms (headache and fever), compatible with a vi-

al infection. At this time, a rapid SARS-CoV-2 N protein Chemilu-

inescent assay was performed on nasopharyngeal swab, reveal-

ng a positive result ( > 50 0 0 pg/mL). The same swab was then

ested for the detection of SARS-CoV-2 RNA by multiplex real-time

CR Allplex TM SARS-CoV-2 assay (Seegene Inc, Seoul, Korea). Cycle

hreshold values (Cts) of N, E and RdRp/S targets were 17, 18, and

8, respectively. Whole genome sequencing was then conducted on

he same swab by Myseq II Illumina. Consensus sequences were

enerated by de novo assembling using Genome Detective ( https:

/www.genomedetective.com/ ). 6 A total of 1,323,357 mapped reads

ere obtained, resulting in a sequencing mean depth > 1,0 0 0X and

 coverage of > 99.8%. Sequences were aligned using MAFFT 7 and

ubmitted to IQ-TREE 2 for maximum likelihood (ML) phylogenetic

nalysis. 8 

Lineages assessment, conducted using Phylogenetic Assignment 

f Named Global Outbreak Lineages tool (available at https:

/github.com/hCoV-2019/pangolin ), revealed the new strain be-

onged to the P.1.1 lineage. Phylogenetic inference by combin-

ng our new isolate (EPI_ISL_2,488,760) with a representative

ataset available on GISAID ( https://www.gisaid.org/ ) up to May

1th, 2021 demonstrated that the newly obtained genome belongs

o P.1.1 lineage and clustered significantly with SARS-CoV-2 P.1.1

trains isolated in Italy between March and May 2021 ( Fig. 1 a,

) (Bootstrap = 0.80, SH-aLTR = 0.80). Further, we analyzed the mu-

ational profile of the newly generated strain to determine its

ineage-defining mutations. The identified lineage harbored all the
etection of a SARS-CoV-2 P.1.1 variant lacking N501Y in a 

accinated health care worker in Italy 
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Fig. 1. Genomic detection of the SARS-CoV-2 P.1 variant of concern in a vaccine breakthrough case in Italy. (a) Maximum likelihood (ML) phylogenetic tree including the 

newly isolate obtained in this study plus n = 1631 SARS-CoV-2 strains belonging to the P.1 lineage collected up to May 28th, 2021. (b) Representation of the zoom of the 

Italian P.1 clade. Branch support (Bootstrap = 0.80, SH-aLTR = 0.80) is shown at key node. c) Variant map of the P.1 lineage-defining-mutations was mapped against the 

SARS-CoV-2 genome structure. Lineage-defining mutation are highlighted in red (For interpretation of the references to color in this figure legend, the reader is referred to 

the web version of this article.). 
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P.1.1 lineage specific mutations ( Fig. 1 c), with the exception of the

N501Y, a specific mutation that seems to be linked with an in-

creased transmissibility. 9 We also identified another Spike muta-

tion, namely S640F, which currently is growing in many samples

worldwide 10 ( Fig, 1 c). 

As observed through the course of the pandemic, these mu-

tations highlight the ability of SARS-CoV-2 to generate new viral

strains. In particular, these newly identified mutations likely rep-

resent a new SARS-CoV-2 variant probably able to escape vaccine

protection, although to a certain extent, as indicated by the lack

of severe symptoms. The lack of the N501Y may be linked to high

transmissibility and immune evasion as indicated also for the new

path followed by the delta new variant (B1.617.2). Probably, the

vaccine immune pressure could select less prevalent strains lead-

ing to their emergence. 

At present, it is not clear how widely this variant is cur-

rently present in Italy and worldwide. Nonetheless, our case report,

clearly indicate the importance of genetic sequencing and analysis

to promptly identify and characterize variants as soon as possible

both in vaccinated individuals and in the general population. 
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a  
ear Editor, 

We read with great interest the recently published article of

ré-Hardy et al. reporting on the time-related changes in the sero-

ogical response of healthcare workers having received the mRNA-

273 vaccine. 1 Among 205 individuals, 161 (78.5%) were initially

eronegative at baseline while 44 (21.5%) already developed an-

ibodies directed against SARS-CoV-2. The antibody response was

ssessed 2 weeks after the first vaccine injection (T1), 2 weeks af-

er the second vaccine injection (T2) and 3 months after the first

njection (T3). The quantitative analysis of the anti-SARS-CoV-2 IgG

ntibodies directed against the subunits (S1) and (S2) of the virus

pike protein was carried out using the LIAISON® SARS-CoV-2 IgG

it (DiaSorin®, Saluggia, Italy). Almost all samples at T1 and all

amples at T2 and T3 in the seropositive cohort were above the

aximum quantification value of the assay kit, i.e. > 400 AU/mL

n neat samples. In the discussion, the authors reported that, in

reviously seropositive subjects ( n = 44), no drop in antibody be-

ween T2 and T3 was observed. 

In order to share our experience on that important topic, we

ould like to present the results we obtained 3 months post-

accination in the CRO-VAX HCP study (EudraCT registration num-

er: 2020–006,149–21), an ongoing multicenter study in healthcare

orkers having received BNT162b2, another mRNA vaccine (Pfizer-

ioNTech, Mainz, Germany). 2 Among the 200 individuals who were

ollowed up to 3 months, 58 (29%) were seropositive and 142 (71%)

ere seronegative at baseline. 3 Antibodies against the SARS-CoV-

 receptor binding domain of the S1 subunit of the spike protein

anti-S; Elecsys® anti-SARS-CoV-2 spike quantitative ECLIA, Cobas 

01, Roche Diagnostics®, Machelen, Belgium) were measured. As

he Roche system permits samples dilution to increase the range of

easurement, we diluted our samples 10 or 100 times when sig-

al was out of range according to the manufacturer recommenda-

ions. Similar timepoints as Tré-Hardy et al., i.e. baseline, 14 days,

2 days and 3 months, were collected in our cohort and analyzed. 

Using neat or 10-fold diluted samples, we did not observe an

ntibody drop in seropositive individuals between T1, T2 and T3 ( p
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Fig. 1. Evolution of SARS-CoV-2 spike antibodies (U/mL) in previously seronegative (blue) and seropositive individuals (red) according to the time since administration of 

the first vaccine dose. Means (95% confidence intervals) are shown. Three different representations according to the dilution titers applied are shown (no dilution: up to 

250 U/mL; 10-fold dilution: up to 2500 U/mL; 100-fold dilution: up to 25,0 0 0 U/mL). All dilutions were automatically performed by the analyzer. Results < 0.4 U/mL (limit 

of quantification) were rounded to 0.4. $ = statistically different from all other groups (i.e. p < 0.0 0 01). 

Table 1 

Evolution of SARS-CoV-2 spike antibodies (U/mL) in previously seronegative and seropositive subjects according to the dilution factor. Means (95% confidence 

intervals) are shown. 

Seronegative Seropositive p value 

No dilution 

(up to 250 U/mL) 

Before first dose 0.40 (0.39–0.41) 102.2 (80.3–124) < 0.0 0 01 

14 days 36.6 (27.4–45.7) 246 (238–254) < 0.0 0 01 

42 days 247 (243–251) 250 (250–250) 0.9826 

90 days 246 (243–245) 250 (250–250) 0.9753 

Dilution 1/10 

(up to 2500 U/mL) 

Before first dose 0.40 (0.39–0.41) 131.8 (86.1–178) < 0.0 0 01 

14 days 38.2 (27.7–48.6) 2457 (2371–2543) < 0.0 0 01 

42 days 1503 (1380–1625) 2400 (2303–2496) < 0.0 0 01 

90 days 1173 (1057–1288) 2477 (2431–2523) < 0.0 0 01 

Dilution 1/100 

(up to 25,0 0 0 U/mL) 

Before first dose 0.40 (0.39–0.41) 132 (86.1–178) < 0.0 0 01 

14 days 38.2 (27.7–48.6) 15,540 (13,606–17,473) < 0.0 0 01 

42 days 1863 (1613–2113) 15,856 (13,968–17,824) < 0.0 0 01 

90 days 1262 (1104–1420) 8919 (7201–10,637) < 0.0 0 01 
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> 0.05, Fig. 1 ), a finding which is similar to that of Tré Hardy et al. 1

However, a highly significant drop in antibody titers was observed

at 3 months if a 100-fold dilution was performed ( p < 0.001; from

16,935 U/mL to 8919 U/mL; a decrease of 47.3%) ( Fig. 1 ). Such di-

lution factor permits to increase the range of measurement until

25,0 0 0 U/mL on the Roche assay. Considering seronegative individ-

uals, a highly significant antibody drop was also shown when a

10- or 100-fold dilution was applied (p < 0.001, Table 1 ). The ap-

plication of a 10 or 100-fold dilution (depending on the sample)

with our kit permits to show an important difference between the

previously seronegative and seropositive subjects (1863 U/mL ver-

sus 15,856 U/mL at day 42 and 1262 U/mL versus 8919 U/mL at
 months), a difference which is not observed when neat sam-

les are used ( Table 1 ). Analytical kits that do not allow a wide

ange of measurement may thus hide a difference of serological re-

ponse between previously seronegative and seropositive subjects

nd does not permit to appreciate the drop in antibody titers in

oth groups ( Table 1 ). 

Currently, data about the long-term kinetics of antibodies in

accinees are scarce. Two studies found an time-dependent an-

ibody decline with the mRNA-1273 vaccine in only 33 and 34

articipants while Tré-Hardy et al. followed more than 200 sub-

ects. 4 , 5 Nevertheless, in previous investigations, sample dilutions

ere applied to allow a better discrimination between previously
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eronegative and seropositive subjects. 6–9 Compared to the anti-

ody response observed in past-COVID-19 patients, where none

r few samples needed to be diluted, 2 , 9 , 10 the antibody response

n vaccinees is significantly higher and will certainly require dilu-

ions to obtain the real quantitative value with some assays (i.e.

ot rounded to the upper limit of measurement). 

In conclusion, we agree with Tré-Hardy et al. that a persistent

ntibody response was observe following the administration of the

RNA vaccine, as observed elsewhere using various assays. 1–4 , 7 

owever, the absence of “antibody drop” between T1, T2 and T3

bserved in their cohort of previously seropositive could depend

n the analytical kit used and the application of a dilution fac-

or in case of signal saturation if such procedure is permitted and

ocumented by the manufacturer. The results of the CRO-VAX HCP

tudy showed that the use of undiluted or diluted samples led to

ifferent conclusions regarding the antibody kinetics. The fact that

he signal is not saturated with the Roche assay also permit to

erived more precise pharmacokinetic models which could latter

etter predict the probable persistence of antibodies. 3 Such data

re important, especially since the question about a third dose has

een raised. 
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Bouge, Belgium 
ear Editor, 

Despite numerous clinical studies conducted over the past year,

e have to admit that today we still have a very limited list of ef-

ective drugs for the treatment of Novel coronavirus disease 2019

COVID-19). Dexamethasone improves survival in hospitalized pa-

ients requiring supplemental oxygen or respiratory support 1 , and

n the presence of systemic inflammation, tocilizumab may provide

dditional benefits 2 . Thus, there remains an unmet need for thera-

eutic interventions that prevent disease progression and improve

rognosis in patients with COVID-19. 

Therefore, we read with great interest a recent article by Hasan

t al. who reported data from a small retrospective cases series

f COVID-19 patients that received an IL-17A inhibitor (secuk-

numab) 3 . The authors demonstrated that this type of therapy,

imed at a new target, could reduce the severity of the cytokine

torm and ultimately improve clinical outcomes in patients with

evere COVID-19 pneumonia. The search for other targets of

OVID-19 therapy is of undoubted interest. 

Bourgonje et al. described the potential role of hydrogen sul-

de (H 2 S) as a fundamental host defense factor against SARS-CoV-

 infection 

4 . Low serum levels of hydrogen sulfide (H 2 S) in pa-

ients with COVID-19 pneumonia have been shown to be nega-

ively associated with inflammatory biomarkers such as IL-6 and

-reactive protein (CRP), and also associated with a poor prognosis
 . Endogenous H 2 S production can be increased therapeutically by

dministering N-acetylcysteine (NAC), which can be seen as a po-

ential treatment strategy for COVID-19 patients 4 . NAC may also

eplenish intracellular reduced glutathione (GSH) pools by provid-

ng l -cysteine, a precursor for GSH synthesis 6 . Moreover, NAC has

hown the ability to restore the intracellular redox imbalance in

itro experiments 7 . 

To date, the published data on the efficacy of NAC therapy in

OVID-19 are very scarce, and their results are rather controversial
–10 . Herein we describe the response to NAC therapy in a cohort

f hospitalized patients with COVID-19 pneumonia. 

This case-control study was conducted in the Pulmonology de-

artment of a university-affiliated hospital (Sechenov University)

etween April 12, 2020, and June 20, 2020. The study was ap-

roved by the Medical Ethical Committee (protocol number 08–

0/1), and written informed consent was obtained from all pa-

ients. 
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Table 1 

Main characteristics of patients at baseline and on day 10 of the treatment, and clinical outcomes. 

Parameters NAC group( n = 24) Control group( n = 22) P value 

Age, years 66 (52; 71) 57 (46; 58) 0.08 

BMI, kg/m 

2 31.2 (28.5; 32.3) 28.8 (26.4; 31.2) 0.07 

Male, n (%) 16 (66.6%) 13 (59.0%) 0.76 

Smokers and ex-smokers, n (%) 11 (45.8%) 12 (54.5%) 0.77 

Time from symptoms onset, days 7.5 (6; 9) 7 (6; 8) 0.37 

Comorbidities 

Cardiovascular diseases, n (%) 18 (75.0%) 16 (72.7%) 0.56 

Chronic lung disease, n (%) 5 (20.8%) 3 (13.6%) 0.44 

Diabetes mellitus, n (%) 7 (29.2%) 4 (18.8%) 0.37 

Chronic kidney disease, n (%) 3 (12.5%) 1 (4.5) 0.37 

At baseline 

Body temperature, °C ∗ 37.7 (37.1; 38) 37.4 (37.3; 37.5) 0.08 

Respiratory rate, breaths per min 24 (24; 24) 24 (22; 25) 0.11 

Heart rate, beats per min 89 (85; 100) 88 (82; 100) 0.48 

SpO 2 /FiO 2 251 (247; 266) 252 (248; 272) 0.93 

NEWS 2 scale, points 7 (4; 7) 7 (2; 7) 0.32 

White blood cells, × 10 9 /L 5.9 (3.6; 7.5) 6.3 (5.1; 8.3) 0.54 

Platelets, × 10 9 /L 221 (127; 280) 189 (177; 242) 0.72 

Lymphocytes, × 10 9 /L 0.8 (0.7; 0.8) 0.8 (0.7; 0.9) 0.66 

CRP, mg/L 81 (57; 96) 54 (28; 91.5) 0.08 

Fibrinogen, g/L 5.6 (4.8; 6.1) 5.1 (4.4; 5.7) 0.07 

D-dimer, ng/mL 0.8 (0.6; 0.9) 0.6 (0.2; 0.7) 0.07 

CT,% of lung involvement 46 (45; 50) 39 (35; 52) 0.06 

Day 10 

Body temperature, °C ∗ 36.5 (36.4; 36.5) 36.6 (36.4; 36.7) 0.07 

Respiratory rate, breaths per min 18.5 (18; 20) 18 (18; 18) 0.06 

Heart rate, beats per min 80 (75; 84) 76 (74; 78) 0.08 

SpO 2 /FiO 2 459 (399; 476) 401 (331; 451) 0.03 

NEWS 2 scale, points 5 (2; 6) 3 (2; 5) 0.04 

White blood cells, × 10 9 /L 8.4 (5.2; 9.5) 6.7 (6.1; 9.9) 0.72 

Platelets, × 10 9 /L 310.5 (239; 353) 264 (191; 375) 0.16 

Lymphocytes, × 10 9 /L 1.4 (1.4; 1.8) 1.5 (1.1; 1.8) 0.86 

CRP, mg/L 5 (2; 8) 9 (4; 16) 0.04 

Fibrinogen, g/L 1.96 (1;3.2) 2.1 (1;3.4) 0.72 

D-dimer, ng/mL 0.7 (0.4; 1.6) 0.7 (0.4; 1.4) 0.84 

CT,% of lung involvement 35 (28; 35) 35 (30; 45) 0.17 

Outcomes 

Transfer to ICU, n (%) 1 (4.2%) 4 (18.2%) 0.18 

Intubation and IMV, n (%) 1 (4.2%) 4 (18.2%) 0.18 

Non-invasive ventilation, n (%) 3 (12.5%) 6 (27.3%) 0.28 

28-day mortality, n (%) 1 (4.2%) 3 (13.6%) 0.34 

Length of hospitalization, days 11 (10; 12) 13 (11; 16) 0.01 

∗ The highest temperature during the day was recorded.Continuous variables are presented as median value [interquartile range 

(IQR)]. Categorical variables are presented as number and percentage (%).Abbreviations. BMI, body mass index; FiO 2 , inspired oxygen 

fraction; CRP, C-reactive protein; CT, computed tomography; ICU, intensive care unit; IMV, invasive mechanical ventilation. 
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We prospectively enrolled patients over 40 years old with ad-

ditional high-risk criteria ( ≥65 years, cardiovascular comorbidities,

diabetes, and BMI ≥ 30 kg/m 

2 ), with SARS-CoV-2 infection con-

firmed by real-time polymerase chain reaction, and radiological

findings compatible with severe COVID-19 pneumonia. The exclu-

sion criteria were as follows: need for immediate endotracheal

intubation, chronic respiratory diseases, unstable hemodynamics,

and pregnancy. According to the local protocol, all patients re-

ceived hydroxychloroquine, azithromycin, corticosteroids, prophy-

lactic low-molecular-weight heparin, and tocilizumab if indicated.

The experimental group comprised patients who received NAC at

a daily dose of 120 0–180 0 mg intravenously; the comparator arm

was drawn from patients who did not receive NAC. All control

patients had the same enrollment criteria described for the NAC

group, and the measured parameters were collected prospectively

on the same data chart, according to a standardized treatment

procedure. Controls were matched to patients in the experimen-

tal group by age (within ±5 years), SpO 2 /FiO 2 ratio (within ±20),

and NEWS2 score (within ±1 point). 

The primary objective was to assess the effect of NAC on arte-

rial oxygen saturation to inspired oxygen fraction ratio (SpO 2 /FiO 2 )

on Day 10. Clinical and laboratory data were recorded at admis-

sion and on day 10. We also analyzed the length of hospitalization
nd outcome of the disease, such as transfer to intensive care unit

ICU), need for non-invasive and invasive mechanical ventilation,

nd 28-day mortality. 

A total of 24 consecutive patients were treated with NAC, and

2 patients were included in the control group. The baseline demo-

raphic, clinical and laboratory characteristics at baseline did not

iffer significantly between the groups ( Table 1 ). The time between

he symptom onset and NAC administration was 7.2 6–9 days. On

ay 1 of a study, 3 and 4 patients in NAC group and control groups,

eceived noninvasive ventilation, and 16 and 13 patients, respec-

ively, required oxygen supplementation via reservoir oxygen face

ask. 

On Day 10, NAC therapy led to significant improvement in

pO 2 /FiO 2 compared to the controls ( Table 1 ). Furthermore, NAC

dministration markedly decreased the values of CRP and NEWS2

cale in comparison to the control group ( Table 1 ). Duration of

ospitalization was also significantly shorter in the NAC group

 p = 0.01). All other clinical outcomes (transfer to ICU, need for

on-invasive or invasive mechanical ventilation, and 28-day mor-

ality) did not differ between the groups ( Table 1 ). There were no

ases of adverse events leading to NAC discontinuation. 

Several studies also examined the efficacy of NAC in hospital-

zed patients with COVID-19. Ibrahim et al. have demonstrated that
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2  
n respirator-dependent patients intravenous NAC elicited clinical

mprovement and reduced CRP and ferritin 

8 . In another study by

lamdari et al., the administration of NAC in combination with

igh doses of methylene blue and vitamin C as a last therapeutic

ption resulted in a significant clinical response and recovery in

our out of five critically ill patients with COVID-19 9 . At the same

ime, de Alencar et al. have shown that NAC administration in high

oses did not affect the evolution of severe COVID-19 10 . How-

ver, in this study, patients were not receiving systemic steroids.

hus, the role of NAC in COVID-19 is still controversial. Identify-

ng a population that would likely benefit from NAC is the key

uestion of the treatment of COVID-19. Presently several registered

andomized control trials are evaluating the dose, efficacy, and

afety of NAC therapy in COVID-19 (NCT04455243, NCT04374461,

CT04419025, NCT04458298). 

Our study has several limitations. The case-control design can-

ot exclude a bias in the analysis of outcomes, and statistical anal-

sis and interpretation of our study results are further limited by

he small sample size. 

Overall, our study demonstrated that NAC therapy provided a

ignificant improvement in oxygenation parameters and reduction

n CRP, NEWS2 scale, and length of hospitalization in hospitalized

atients with COVID-19. These results need to be confirmed with

urther randomized prospective trials in a larger cohort. 
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We read with interest the article about use of lateral flow anti-
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gnosis of COVID-19. Although a systematic review found that their
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Fig. 1. Flowchart for analysis compared to composite reference standard. 
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was some overlap as many participants had both a PCR and a ve-

nous antibody test. 

The index test was the rapid point-of-care (POC) IgM / IgG col-

loidal gold lateral flow immunoassay (LFIA) manufactured by Liv-

zon (Zhuhai, Guangdong, China) which detects antibodies directed

against the spike protein of SARS-COV-2 from a drop of capil-

lary blood. The test was read by two independent observers after

15 min. 

We used a composite reference and evaluated the components

of this individually. The first component was SARS-COV-2 RT-PCR

(using the available molecular technology during the study time:

PHE laboratories, GeneXpert® system Xpert, Xpress SARS-CoV-2

and Source bioscience laboratory). The second reference test was

the Elecsys Anti-SARS-CoV-2 assay, an ECLIA (Electro Chemi Lumi-

nescent Immuno Assay) manufactured by Roche Diagnostics GmbH

which uses a recombinant protein representing the nucleocapsid

(N) protein of SARS-CoV-2. 

We recruited 398 participants (173 in the first group and 225

in the second– see Fig. 1 ); 52.8% had never been seen in hospi-

tal, whereas the others had been assessed in A&E and 23.6% were

admitted. Regarding the reference test, 130 participants had only

a PCR test, 124 had only a reference antibody test, and 144 had

both. The median interval between the positive PCR test in group

1 and the POC antibody test was 60 days (IQR 35–91). Of 268 par-

ticipants who had a reference venous blood test for antibodies to

SARS-COV-2, the test was positive in 190 (70.9%). The median in-

terval between the POC test and the reference antibody test was

3 days (IQR −10 to 24 days). The median interval between onset

of symptoms and the POC antibody test was 74 days (IQR 50–96,

range 7–173 days). Only 11 participants had the POC test taken 7–

14 days after onset of symptoms (of whom only 2 < 10 days), 11
ad it taken at 11–21 days, 19 at 22–34 days, and the remaining

12 at 35 days or more. 

Of the 218 participants with a positive PCR test for COVID-19,

he POC test was positive in 197 cases (sensitivity = 90.4%, 95%

I: 85.7% to 93.9%). Compared to the reference venous antibody

est, the POC test had a sensitivity of 92.0% (95% CI 87.2–95.5) and

pecificity of 98.7% (95% CI 93.1–100). Our sensitivity analysis, ex-

luding cases where the interval between the POC test and the ve-

ous antibody test was greater than 28 days, resulted in a sensi-

ivity of 137 / 148 = 92.6% (95%CI 87.1%–96.2%) and specificity of

8/59 = 98.3% (95% CI 90.9%–100.0%). 

Compared to the composite reference, the POC had an overall

ensitivity of 90.1% (292/328, 95% CI 86.3–93.1) and specificity of

00% (6 8/6 8, 95% CI: 94.7% to 100% - see Table 1 ). In the sub-

roup of participants with presumed milder illness (who were

ever seen in hospital), the sensitivity was 84.4% (124/147, 95% CI

7.5% to 89.8%) whereas in patients admitted to hospital, the sen-

itivity was 97.8% (89/92, 95% CI 92.3% to 99.7%). In the subgroup

here the POC test was conducted at least 20 days after onset of

ymptoms, sensitivity was 91.1% (288/316, 95% CI 87.4% to 94.0%).

umbers were too small to calculate diagnostic accuracy in the

ubgroups of patients in whom the POC test was taken at 7–14

ays, 15–21 and 22–34 days after onset of symptoms. 

As this was a “real-word” evaluation, some data were missing.

n some cases there was a lengthy interval between symptoms and

he point-of-care test, and between the point-of-care test and the

eference venous antibody test. This was because the reference an-

ibody test was only available from May 2020 and some partic-

pants first experienced symptoms in February and early March

020. Another limitation is that the tests were only evaluated in

ne centre and from one batch. There have been reports of varia-
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Table 1 

Accuracy of the POC antibody test compared to the composite reference standard (PCR and reference antibody, n = 396 ∗). 

Point-of-Care antibody test result Composite reference Sensitivity (95% CI) Specificity (95% CI) ROC PPV NPV 

Pos Neg 

POC IgG Positive 261 0 261/322 = 81.1% 

(76.3% to 85.2%) 

6 8/6 8 = 100% 

(94.7% to 100%) 

0.91 (0.88 to 

0.93) 

100% (98.6% 

to 100%) 

52.7% 

(43.7% to 61.6%) 

Negative 61 68 

POC IgM Positive 242 0 242/318 = 76.1% 

(71% to 80.7%) 

6 8/6 8 = 100% (94.7% 

to 100%) 

0.88 (0.86 to 

0.90) 

100% (98.5% 

to 100%) 

47.2% 

(38.9% to 55.7%) 

Negative 76 68 

POC IgG and IgM 

Combined 

Positive 292 0 292/324 = 90.1% 

(86.3% to 93.1%) 

6 8/6 8 = 100% (94.7% 

to 100%) 

0.95 (0.93 to 

0.97) 

100% (98.7% 

to 100%) 

68% 

(57.9% to 77.0%) 

Negative 32 68 

∗ POC result was inconclusive in 6 for the IgG, 10 for the IgM and 4 overall, excluded from this analysis. 
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I

ion in sensitivity between batches of rapid antibody tests 6 so good

uality control will be essential. 

In conclusion, the Livzon point-of-care antibody test had com-

arable sensitivity and specificity to the reference antibody test, so

ould be used to support decision-making about patients present-

ng with more than 10 days of symptoms of COVID-19. It may be

ore accurate than rapid antigen tests and PCR for patients with

nset of symptoms at least 10 days previously, so it could be par-

icularly useful in settings where access to PCR is limited, patients

re unable to access a PCR within their first 10 days of illness, and

ost have not been vaccinated. The combination of PCR plus IgG

nd IgM testing in suitable patients has already been suggested to

mprove diagnostic accuracy 7 . 
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Fig. 1. Google searches for the most common symptoms of coronavirus disease 

2019 (COVID-19) between March 1, 2020 and July 7, 2021. Results are expressed 

as weekly Google trends score (GTS) normalized for the number of new COVID-19 

cases recorded during the same week. 
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Dear Editor, 

Although the spread of coronavirus disease 2019 (COVID-19)

seems to be slowing down in many countries as consequence

of widespread vaccination, the gradual accumulation of non-

synonymous mutations within the genome of severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2) has lead to appear-

ance of variants of concern (VOCs), characterized by greater in-

fectivity and/or potential of immune evasion especially from anti-

SARS-CoV-2 neutralizing antibodies elicited after COVID-19 vacci-

nation. 1 In a recent report, Fantini et al. have proposed an inter-

esting health approach for anticipating COVID-19 outbreaks, based

on an index of transmissibility (T-index), calculated from param-

eters of coronavirus binding to host cells. 2 Although this strat-

egy seems indeed promising, previous evidence has been garnered

that easier and more accessible tools such infodemiology, which

relies on investigating the volume of Web searches for specific

COVID-19 symptoms, may be effective in anticipating local COVID-

19 epidemiological trends, 3 , 4 provided that symptoms caused by

the emerging VOCs remain constant over time. 

With the aim of establishing whether COVID-19 symptoms may

have changed over time after introduction of new SARS-CoV-2

VOCs, we conducted an electronic search in Google Trends (Google

Inc. Mountain View, CA, US) for the most common self-reported

symptoms in patients with SARS-CoV-2 infection, using the Italian

search terms “tosse” (cough), “raffreddore” (cold), “mal di testa”

(headache) and “febbre” (fever). 5 The country option was set to

“Italy”, and the search period ranged between March 1, 2020 to

present time (July 7, 2021). The data were downloaded as weekly

Google Trends Score (GTS) for all these keywords, thus mirroring

the cumulative volume of Google searches recorded for each spe-

cific term during the previous week. The GTS was then normal-

ized (i.e., expressed as “ratio”) for the number of COVID-19 di-

agnoses recorded in Italy during the same week, as officially re-

ported by the Italian National Institute of Health (Istituto Superiore

di Sanità; ISS). The correlation between the GTS of the four symp-

toms was carried out with Spearman’s test. The statistical analy-

sis was performed with analyze-it (analyze-it Software Ltd, Leeds,

UK). The study was conducted in accordance with the Declaration

of Helsinki, under the terms of relevant local legislation. This anal-

ysis was based on electronic searches in the unrestricted, publicly

available national repositories, and thereby no informed consent or

Ethical Committee approvals were required. 

The results of this analysis are shown in Fig. 1 . As concerns

the local diffusion of VOCs in Italy according to ISS data, variants

bearing the D614G mutation have replaced the prototype Wuhan

strain between April and May 2020, the alpha (B1.1.7) variant has

become largely prevalent (over 80% of COVID-19 cases) between

February and March 2021, whilst the prevalence of the delta vari-

ant (B.1.617.2) has displayed a dramatic increase in May/June 2021.

Irrespective of this evolving epidemiological trend, the normal-

ized GTS of the four symptoms has followed a virtually overlap-
Is diffusion of SARS-CoV-2 variants of concern associated 

with different symptoms? 
Table 1 

Spearman’s correlation between volume of Google searches f

2019 (COVID-19) between March 1, 2020 and July 7, 2021. Res

normalized for the number of new COVID-19 cases recorded 

Symptoms Cold Heada

Cough 0.96 (95% CI, 0.94–0.98; p < 0.001) 0.97 (

Cold – 0.94 (

Headache – –
ing trend over time, without exhibiting substantial differences

 Fig. 1 ). The absence of a time-dependent variation in the preva-

ence of COVID-19 symptoms is reflected by highly significant

pearman’s correlations among all normalized GTS for all symp-

oms (all r ≥ 0.94 and p < 0.001), as reported in Table 1 . 

The results of our analysis of normalized GTS for the most com-

on searched COVID-19 symptoms recorded over time in Italy re-

eals that the progressive introduction of new strains and VOCs in

he country was not seemingly associated with significant changes

n the primary clinical picture, at least as reflected by the vol-

me of Web searches and Internet interrogations for the most

ommon self-reported COVID-19 symptoms. Therefore, the use of

n infodemiology-based approach remains seemingly valuable for

onitoring viral epidemiology and anticipating possible outbreaks.
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or the most common symptoms of coronavirus disease 

ults are expressed as weekly Google trends score (GTS) 
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ear Editor, 

We read with great interest the papers recently published in

he Journal of Infection tackling the issue of post-vaccination an-

ibody levels to SARS-CoV-2 spike protein. 1 , 2 Our attention was

aught by the report from Favresse and Douxfils 1 showing that

igh dilution of the tested samples provided a more accurate ap-

reciation of post-vaccination antibody levels. The same authors

ust published a related study where anti-SARS-CoV-2 serology was

ollowed-up for up to 3 months. 3 Because they found a signifi-

ant decrease in day 56 and day 90 antibody levels, they conveyed

his notion in the title of their publication. This certainly catchy

abel can however, in this touchy context, be interpreted as bad

ews. Here we would like to re-interpret these data in a more pos-

tive way by emphasizing the high antibody titers detected in this

tudy. 

Indeed, numerous reports to date have used the Roche Elec-

ys® assay (Anti-SARS-CoV-2 S, Roche GMBH) and can be com- 

ared. Of note, the manufacturers’ recommendations to use 12

r 20 μL of undiluted serum (depending on the analysis instru-

ent) yield an upper positive threshold of 250 U/mL. This already

hows an about 300-fold increase compared to the 0.8 U/mL detec-

ion threshold. This range allowed for instance to positively com-

are post-vaccination anti-SARS-CoV-2 antibody levels between al-

ogeneic hematopoietic stem cells recipients and healthcare work-

rs, some reaching this upper threshold after just one injection

f BNT612b2 (Pfizer BioNTech, Mainz, Germany). 4 Other studies

ave however previously indicated that anti-spike antibody levels
3. Lippi G. , Mattiuzzi C. , Cervellin G. . Google search volume predicts the emer-
gence of COVID-19 outbreaks. Acta Biomed 2020; 91 :e2020 0 06 . 

4. Henry B.M. , Szergyuk I. , Santos de Oliveira M.H. , Lippi G. , Juszczyk G. , Mikos M. .
Utility of google trends in anticipating COVID-19 outbreaks in Poland. Pol Arch

Intern Med 2021; 131 :389–92 . 
5. Adorni F. , Prinelli F. , Bianchi F. , Giacomelli A. , Pagani G. , Bernacchia D. ,

et al. Self-reported symptoms of SARS-CoV-2 infection in a nonhospitalized
population in Italy: cross-sectional study of the EPICOVID19 web-based survey.

JMIR Public Health Surveill 2020; 6 :e21866 . 

Camilla Mattiuzzi 

Service of Clinical Governance, Provincial Agency for Social and

Sanitary Services, Trento, Italy 

Brandon M. Henry 

Clinical Laboratory, Division of Nephrology and Hypertension,

Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA

Giuseppe Lippi ∗

Section of Clinical Biochemistry, Department of Neuroscience,

iomedicine and Movement, University Hospita of Verona, Piazzale LA

Scuro, Verona 37134, Italy 

∗Corresponding author. 

E-mail addresses: giuseppe.lippi@univr.it , ulippi@tin.it (G. Lippi)

Accepted 12 July 2021 

Available online 15 July 2021 

ttps://doi.org/10.1016/j.jinf.2021.07.008 

2021 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

ost-SARS-CoV-2 vaccination specific antibody decrease : 

et’s get the half-full glass perspective 
ould be high above this upper threshold of 250 U/mL. Indeed, in

 comparative study of antibody responses of convalescents, vac-

inated healthcare personnel and control samples, Suhandynata

t al. 5 used a 1:10 dilution and thus raised the upper thresh-

ld to 2 500 U/mL. These authors reported a median value above

500 U/mL for 100% of vaccinated individuals after a booster shot

range 1 009 - > 2 500), thus much above the 250 U/mL thresh-

ld of the undiluted serum assay. Similar results were reported by

ueller in assay comparisons, 6 with levels increasing in the course

f a 5-week follow-up of vaccinated individuals. 

Longer follow-up studies so far have mostly reported sustained

ntibody levels to the spike protein of SARS-CoV-2. In previously

eropositive vaccinated healthcare workers, Tré-Hardy et al. 2 de-

cribed stable levels over 400 U/mL at 3 months. A comparable

esult was observed in convalescent patients by Gerhards et al. 7 

howing sustained levels up to 1 0 0 0 U/mL with little variation

ver 3 months. What Favresse and Douxfils. 1 , 2 tell us is that an-

ibody levels in the range of 25 ,0 0 0 or above are reached af-

er vaccination, i.e. a 30 ,0 0 0-fold increase compared to the neg-

tivity threshold < 0.8 U/mL. Close examination of their results

iscloses that, at three months, these titers still exceeded most

reviously reported upper thresholds. They ranged between 500

nd 25 ,0 0 0 U/mL in individuals seropositive before the two doses

f vaccines administered and between 500 and ∼50 0 0 U/mL in

ubjects seronegative before vaccination. The respective means at

ay 90 were around 10 ,0 0 0 and 1 250 U/mL respectively, thus

0 times and 5 times above the 250 maximal positive thresh-

ld of the standard assay and 4 and 3 logs above the detection

evel. The authors also report wisely on estimated times of possi-

le seronegativation of respectively 1 184 and 554 days for these

wo groups of patients, pending no other antigenic stimulation has

ccurred. 

The observation by Favresse et al. 2 is typically that of the nor-

al kinetics of a strong post-vaccination humoral response. From

 fundamental point of view, it has long been demonstrated that

mmune responses rely on consecutive cycles of clonal prolifera-

ion followed by clonal contraction leaving a progressively increas-

ng pool of memory cells. 8 The latter are then liable to provide a

uicker and more important anamnestic or secondary response. 

The higher and more sustained response of previously seroposi-

ive individuals in the study by Tré-Hardy et al. 2 indicates that the

accination indeed amplified an already settled immune response.

hese results can be compared to the smaller study of Doria Rose

t al. 9 with different vaccine and assays, yet following patients for

 months. In this cohort of 35 subjects, individual antibody kinetics

learly showed the booster effect of the second dose of vaccine. In-

eed, an initial increase of antibody levels at day 15 was followed

y a decrease of the primary immune response by day 29, just be-

ore the second injection, especially in neutralizing antibodies. An-

ibody titers then shot up. 

Tré-Hardy et al. 2 pointedly mention that cellular responses of

he T-cell compartment were not measured in their study but are

ikely to follow the same kinetics after infection and/or vaccination.

ince cellular responses are even more efficient at eradicating viral

nfections than humoral responses, the results of this team are in

act quite encouraging. 

It should also be mentioned that seropositive individuals are li-

ble to even increase their protection level as long as the virus

s still circulating. Indeed, a recent study by Turner et al. 10 has

hown that at least 12 weeks after a boost injection of BNT612b2,

 protein-binding germinal center B cells were still identified in

raining axillary lymph nodes. These results also offer optimism

hat humoral responses to vaccination will be long-lasting. Close

ollow-up should thus be continued to assess the ongoing kinetics

f immune responses to SARS-CoV-2 in the now well-immunized

accinated population. 
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Dear Editor, 

We read with interest the article by Tang et al. on the multi-

ple introductions of variant B.1.351 into the UK. 1 As SARS-CoV-

2 variants of concern rapidly spread internationally, it is impor-

tant to know if increased transmissibility 2–4 and virulence 5 is as-

sociated with higher viral load to understand pathogenesis and
References 

1. Favresse J., Douxfils J.. Importance of sample dilution in the evaluation of

the antibody response after SARS-CoV-2 vaccination. J Infect 2021 S0163-

4453(21)00327-3Epub ahead of print. doi: 10.1016/j.jinf.2021.07.001 . 
2. Tré-Hardy M. , Cupaiolo R. , Wilmet A. , Beukinga I. , Blairon L. . Waning antibodies

in SARS-CoV-2 naïve vaccinees: results of a three-month interim analysis of
ongoing immunogenicity and efficacy surveillance of the mRNA-1273 vaccine

in healthcare workers. J Infect. 2021 S0163-4453(21)00314-5 . 
3. Favresse J., Bayart J.L., Mullier F., Elsen M., Eucher C., Eechhoudt S.V., et al.

Antibody titers decline 3-month post-vaccination with BNT612b2. 202. Emerg

Microbes Infect 2021; 10 (1):1495–8 Online ahead of print. doi: 10.1080/22221751.
2021.1953403 . 

4. Chevallier P., Coste-Burel M., Le Bourgeois A., Peterlin P., Garnier A.,
Béné M.C., et al. Safety and immunogenicity of a first dose of SARS-CoV-2

mRNA vaccine in allogeneic hematopoietic stem-cells recipients. EJHaem 2021
1:10.1002/jha2.242Epub ahead of print. doi: 10.1002/jha2.242 . 

5. Suhandynata R.T., Bevins N.J., Tran J.T., Huang D., Hoffman M.A., Lund K.,
et al. SARS-CoV-2 Serology status detected by commercialized platforms distin-

guishes previous infection and vaccination adaptive immune responses. J Appl

Lab Med 2021 jfab080Epub ahead of print. doi: 10.1093/jalm/jfab080 . 
6. Mueller T. . Antibodies against severe acute respiratory syndrome coronavirus

type 2 (SARS-CoV-2) in individuals with and without COVID-19 vaccination: a
method comparison of two different commercially available serological assays

from the same manufacturer. Clin Chim Acta 2021; 518 :9–16 . 
7. Gerhards C. , Thiaucourt M. , Kittel M. , Becker C. , Ast V. , Hetjens M. , et al. Lon-

gitudinal assessment of anti-SARS-CoV-2 antibody dynamics and clinical fea-

tures following convalescence from a COVID-19 infection. Int J Infect Dis
2021; 107 :221–7 . 

8. Moser M. , Leo O . Key concepts in immunology. Vaccine, 28 2010:C2–13 . 
9. Doria-Rose N. , Suthar M.S. , Makowski M. , O’Connell S. , McDermott A.B. , Flach B. ,

et al. mRNA-1273 Study Group. Antibody persistence through 6 months af-
ter the second dose of mRNA-1273 vaccine for Covid-19. N Engl J Med

2021; 384 :2259–61 . 

10. Turner J.S., O’Halloran J.A., Kalaidina E., Kim W., Schmitz A.J., Zhou J.Q., et al.
SARS-CoV-2 mRNA vaccines induce persistent human germinal centre re-

sponses. Nature 2021 Online ahead of print. doi: 10.1038/s41586- 021- 03738- 2 . 

Marie C Béné∗

Hematology Biology, Nantes University Hospital, Nantes, France

CRCINA, Inserm, Nantes, France

Marcelo de Carvalho Bittencourt

Immunology Laboratory, Nancy University Hospital, Nancy, France

CNRS UMR 7365, IMoPA, Université de Lorraine, Nancy, France

Patrice Chevallier

CRCINA, Inserm, Nantes, France

Hematology Clinic, Nantes University Hospital, Nantes, France

∗Corresponding author.

E-mail address: mariechristine.bene@chu-nantes.fr (M.C. Béné)

Accepted 25 July 2021

Available online 29 July 2021

https://doi.org/10.1016/j.jinf.2021.07.027 

© 2021 The British Infection Association. Published by Elsevier 

Ltd. All rights reserved. 

SARS-CoV-2 viral dynamics in infections with Alpha and 

Beta variants of concern in the French community 

https://doi.org/10.1016/j.jinf.2021.07.001
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0002
https://doi.org/10.1080/22221751.2021.1953403
https://doi.org/10.1002/jha2.242
https://doi.org/10.1093/jalm/jfab080
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00370-4/sbref0009
https://doi.org/10.1038/s41586-021-03738-2
mailto:mariechristine.bene@chu-nantes.fr
https://doi.org/10.1016/j.jinf.2021.07.027
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.07.031&domain=pdf


Letters to the Editor / Journal of Infection 84 (2022) 112–118 107 

Fig. 1.. Ct value as a function of time since symptom onset for historical variants, suspected B.1.351 and suspected B.1.1.7. A. Ct value as a function of time since symptom 

onset categories in the data. B. Prediction of the linear model, with confidence intervals as shaded regions. C. Distribution of the time from symptom onset to thresholds 

Ct = 31 and Ct = 36 for each variant, as predicted by the linear model. This is the cumulative distribution function of the normal distribution whose mean is the predicted 

mean time to each threshold for each variant, and standard deviation the standard deviation of the random effect representing the inter-individual variability (sd = 2.9). 

The dashed horizontal lines show the fraction of individuals no longer shedding infectious virus 10 days after symptom onset, the recommended duration of self-isolation in 

April 2021 in France. 
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dapt if necessary the duration of isolation of infected individ-

als. When comparing viral load across variants, controlling for

ime since symptoms is key, since individuals infected by a vari-

nt with faster epidemiological growth will on average be cap-

ured earlier in infection 

6 . Studies controlling for time since symp-

oms, and with longitudinal follow-up of individuals are lacking.

e used data from 871,604 PCR tests conducted by a large private

linical laboratory in the community in the Ile-de-France region of

rance from 1st January to 24th March 2021 (17% of all tests in this

eriod). We compared the within-host dynamics of viral load in

ymptomatic individuals infected by suspected variants of concern

.1.1.7 (Alpha, VOC-202012/01 or 501Y.V1, first detected in England

n September 2021) and B.1.351 (Beta, 501Y.V2) to previous strains.

Starting from all tests, negative and positive ( N = 871,604), we

etained 16,134 tests conducted on 12,858 symptomatic individu-

ls for the main analysis (Supplementary Fig. 1). Most individuals

ad one test ( N = 10,225), 2121 individuals had two tests and the

est ( N = 512 individuals) had three or more tests ( Table 1 ). We

onducted the main analysis on the Ct value combining the two

t values obtained with two primers targeting the RNA-dependent

NA polymerase (RdRp) gene. Variants were detected using two

CRs targeted at the spike deletion 69-70 and at the spike substi-

ution N501Y (IDTM SARS-CoV-2/UK/SA Variant Triplex). Symptom
nset dates were self-reported. We used a censored mixed-effects

inear regression 

7 describing Ct value as a function of time since

ymptom onset (continuous variable), variant (historical strains,

uspected B.1.1.7, suspected B.1.351), age category (10 categories, 0–

, 10–19, …, 80–89, 90 + years old), and interactions between time

nd variant, and time and age (excluding the non-significant inter-

ction between variant and age, p = 0.31). 

The predicted viral load at symptom onset was inferred to

e 22.7 Ct on average (95% confidence interval, CI, [22.4–23.0])

or historical strains (Supplementary Table 1). The inter-individual

tandard deviation in viral load at symptom onset was 2.9, mean-

ng that 95% of symptomatic individuals had a viral load at symp-

om onset between 28.4 and 17.0. The viral load declined on av-

rage at a rate of + 0.97 Ct per day [0.93 - 1.0]. The viral load at

ymptom onset was higher in B.1.1.7 and B.1.351 variants than in

istorical variants, with a Ct value −1 . 33 [ −1.59, −1.07] and −1 . 15

 −1.57, −0.697] lower than historical strains for B.1.1.7 and B.1.351

espectively ( p < 10 −16 ). The viral load of the two variants de-

lined slightly faster than that of the historical strains with an ad-

itional decline rate of + 0.06 [0.015; 0.10] and + 0.095 [0.018; 0.16]

er day for B.1.1.7 and B.1.351, respectively ( p = 0.0 0 04). The dura-

ion of shedding was longer for individuals infected by variants:

he mean time to a Ct of 31, the limit above which the individ-
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ual is no longer infectious, was 8.6, 9.3 and 8.9 days for historical

strains, B.1.1.7 and B.1.351 ( Fig. 1 B). The mean time to a Ct of 36,

the limit above which the virus is fully cleared, was 13.7, 14.2 and

13.6 days for historical strains, B.1.1.7 and B.1.351. There is substan-

tial inter-individual variability around these mean values ( Fig. 1 C). 

We based the main analysis on the Ct value of the PCR tar-

geting the RdRp gene, but results were very consistent when an-

alyzing the Ct value of the nucleocapsid gene (N), with an even

stronger effect of the variants on viral load at symptom on-

set (effect sizes −1.81 [ −2.32; −1.32] and −2.11[ −2.38; −1.81]

for B.1.1.7 and B1.351) (Supplementary Table 2, Supplementary

Fig. 2). We also ran the same analysis on the more complete

dataset where the time from symptom onset was not neces-

sarily known (41,489 tests representing 33,391 individuals), and

considered the time since first positive test instead of the self-

reported time since symptom onset. Results were very consistent

with those of the main analysis (Supplementary Table 3), and in

addition, individuals declaring symptoms at all their tests had a

larger viral load than asymptomatic individuals (−0 . 95 , CI [ −1.1,

−0.83]). 

Both B.1.1.7 and B.1.351 variants conferred a higher viral load

at symptom onset at all ages. The main strengths of our study

are the control for time since symptoms, which improves the

comparison between historical strains and variants (removing po-

tential confounders due to different epidemiological dynamics of

each variant 6 ), and the large number of tests for both B.1.1.7 and

B.1.351 variants. A limitation is that variant assignation is based on

PCR screening;he suspected B.1.1.7 and B.1.351 were not confirmed

by whole genome sequencing. In Ile-de-France, whole-genome se-

quencing of a random subset of 609 cases on March 2nd 2021 in-

dicated that the vast majority of viruses with substitution N501Y

and spike deletion 69—70 are B.1.1.7. 8 The prevalence of B.1.351 in

France was 6.5%, and the prevalence of P.1 (first detected in Japan

in travelers from Brazil) was 0.3%, 8 implying 96% of the suspected

B.1.351 are true B.1.351 if only clades B.1.351 and P.1 carried N501Y

without del69-70. The evidence presented here from thousands of

PCR tests broadly agrees with results from densely sampled trajec-

tories of seven individuals infected with B.1.1.7, showing that indi-

viduals infected with B.1.1.7 had a −1 . 2 Ct higher viral load than

those infected with the historical strains, very similar to our esti-

mate of −1 . 33 . 9 Higher viral load could partly explain the greater

pathogenicity of B.1.1.7. It could also explain the selective advan-

tage of B.1.1.7 through a transmission advantage. 10 Individuals in-

fected by suspected B.1.1.7 and B.1.351 excreted virus (Ct < 31)

for only slightly longer than those infected by historical strains.

Larger datasets with systematic PCR tests and capturing the pre-

symptomatic phase will improve our understanding of infection by

SARS-CoV-2 variants of concern and potential epidemiological con-

sequences. 
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C

U

ear Editor, 

We have read the article by E. Sansone, et al. 1 with great

nterest. The authors found the significant protective effect of

NT162b2 vaccination against SARS-CoV-2 infection and symptom

evelopment after SARS-CoV-2 infection among healthcare work-

rs (HCWs). However, individuals with past natural infection with

ARS-CoV-2 and those without may have different immune re-

ponses to COVID-19 vaccination. Some studies have quickly com-

ared the immune responses to the mRNA-based vaccines between

ndividuals with past infection with SARS-CoV-2 and those with-

ut 2-5 ; but their kinetics in the adenovirus-vector-based vaccines

emain unknown. In this study, we evaluated the immunogenicity

nd reactogenicity of the first dose of the adenovirus-vector-based

hAdOx1 nCoV-19 vaccine in HCWs with or without past infection

ith SARS-CoV-2. 

This study enrolled HCWs who received the 1st dose of ChA-

Ox1 vaccine between March 5 and March 26, 2021, at Asan Med-

cal Center, a 2700-bed tertiary care teaching hospital in Seoul,

outh Korea. The study was reviewed and approved by the Insti-

utional Review Board of Asan Medical Center (IRB No. 2021-0170).

dverse reactions were evaluated through self-reported question-

aires (Supplementary material). SARS-CoV-2-S1 specific IgG an-

ibody, neutralizing antibody, and T cell responses were mea-

ured by ELISA, microneutralization assay by using SARS-CoV-

 ( βCoV/Korea/KCDC/2020 NCCP43326), and ELISPOT assay using

ARS-CoV-2 spike-overlapping peptides (Miltenyi Biotec, Bergisch

ladbach, Germany), respectively. 
E-mail address: francois.blanquart@college-de-france.fr (F. 

Blanquart) 

Accepted 24 July 2021 
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2021 Published by Elsevier Ltd on behalf of The British 

nfection Association. 

mmune responses and reactogenicity after ChAdOx1 in 

ndividuals with past SARS-CoV-2 infection and those 

ithout 
ig. 1. Detailed kinetics of immune responses and reactogenicity after a single dose of C

oV-2 infection (A) Humoral immune response measured by SARS-CoV-2 S1-specific IgG

ell-mediated immune response measured by IFN-gamma-producing T cells from isolated

 test was used for the statistical analysis between past infection and infection-naive. 
A total of 38 HCWs were enrolled in this study. Of them, 11

29%) had past infection with SARS-CoV-2 confirmed by real-time

everse transcriptase-polymerase chain reaction with nasopharyn-

eal samples, and the rest of the participants ( n = 27; 71%) were

nfection-naïve. The baseline characteristics of the participants are

hown in Supplemental Table 1. There was no significant difference

n the age and sex distribution between those with past infection

nd infection-naïve individuals ( P = 0.52 and P = 0.48, respec-

ively). 

The baseline SARS-CoV-2-S1 specific IgG titers were positive in

ll participants with past infection and negative in all infection-

aïve participants. The mean values of SARS-CoV-2-specific IgG an-

ibody titer of participants with past infection were significantly

igher than those of infection-naïve participants at baseline (8.29

s. 0.12) and at week 1 (74.98 vs. 0.14), week 2 (61.73 vs. 1.88), and

eek 3 (46.34 vs. 5.56) after vaccination (all P < 0.0 0 01) ( Fig. 1 A).

he neutralizing antibody titer was significantly higher in the past

nfection group compared with the infection-naïve group at week

 and week 3 as well (mean ± SEM, 4644 ± 1416 vs. 7.2 ± 3.6

nd 6108 ± 1255 vs. 144.6 ± 24.1, respectively, both P < 0.0 0 01)

 Fig. 1 B). IFN-gamma-producing T cell responses were higher in

he past infection group at baseline and 1 week after vaccina-

ion ( P = 0.04 and 0.02, respectively), but were comparable at 2

 P = 0.53) and 3 weeks ( P = 0.81) after vaccination ( Fig. 1 C). 

Reactogenicity in terms of adverse reactions during the 7-day

eporting period after vaccination was analyzed in the two groups.

ocal and systemic reactogenicity was similar between individu-

ls with past SARS-CoV-2 infection and those without ( Fig. 2 ). The

everities of adverse events in the two groups according to each

ymptom after vaccination are shown in Supplemental Table 2 and

upplemental Figs. 1 and 2. 

Consistent with the previous studies on the immunogenicity

f the BNT162b2 vaccine between those with past infection with

ARS-CoV-2 and those without 2-4 , we found that the immuno-

enicity of the ChAdOx1 nCoV-19 vaccine was stronger and more

apid in those with past infection compared with those without.

ur study has two unique findings. First, our detailed kinetic data

n the immunogenicity of the ChAdOx1 nCoV-19 vaccine revealed

hat the antibody response peaked at 1 week after vaccination in

ndividuals with past infection, while the antibody response grad-

ally increased until 3 weeks after vaccination in infection-naïve

ndividuals. Moreover, whereas the SARS-CoV-2-specific T cell re-

ponses were higher in the past infection group at baseline and 1

eek after vaccination but were comparable at 2 and 3 weeks af-

er vaccination. In contrast, a previous study on the BNT162b2 vac-

ine showed that the SARS-CoV-2-specific T cell responses at 21–
hAdOx1 nCoV-19 vaccine in infection-naïve individuals and those with past SARS- 

 antibodies. (B) Neutralizing antibody measured by microneutralization assay. (C) 

 PBMCs. Error bars denote the standard error of the mean values. Mann–Whitney 

mailto:francois.blanquart@college-de-france.fr
https://doi.org/10.1016/j.jinf.2021.07.031
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.07.032&domain=pdf
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past infection and infection-naive. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F  

(

S

 

f

R

[  

 

 

[  

 

[  

 

 

 

[  

 

 

[  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

25 days after vaccination were higher in individuals with past in-

fection than in infection-naïve individuals. 3 Such difference in the

kinetics of T cell response and antibody responses after different

types of COVID-19 vaccines provides further insight into the im-

mune response after COVID-19 vaccination according to the his-

tory of past natural infection with SARS-CoV-2. For example, the

rapid increase of virus-specific T cell response by vaccination in

the past infection group likely reflects the presence of memory T

cells induced by previous natural infection with SARS-CoV-2. How-

ever, in contrast to the wide range of viral epitope stimulation

by natural SARS-CoV-2 infection, the ChAdOx1 vaccine only pro-

vides spike-derived epitopes; therefore, it may not be able to fully

boost the pre-existing virus-specific memory T cells. Moreover, the

strong pre-existing T cell response may restrict the efficient sup-

ply of antigens, thus resulting in a curtailed expansion of mem-

ory T cells. Second, whereas the antibody responses were signifi-

cantly higher in the past infection group, the reactogenicity after

ChAdOx1 vaccine was similar between individuals with past SARS-

CoV-2 infection and those without. These findings are in contrast

with a previous study on mRNA-based COVID-19 vaccines in which

the frequency of systemic reactions was higher in those with pre-

vious natural infection than in those without. 4 The stronger im-

mediate reactogenicity in the young population after the ChAdOx1

vaccine than after the BNT162b2 vaccine 6 might partially explain

the differences between our data and those from mRNA-based vac-

cines. Alternatively, the unknown immunologic mechanism that is

associated with less adverse reactions after the second dose of the

ChAdOx1 vaccine than those after its first dose 6 might explain our

observation. 

In conclusion, those with past SARS-CoV-2 infection had simi-

lar reactogenicity and stronger antibody responses compared with

infection-naïve individuals after receiving the ChAdOx1 vaccine. T

cell responses were not significantly different between the two

groups after 2 weeks after vaccination. 
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Fig. 1. Neutralizing antibody (NtAb) titres to four SARS-CoV-2 variants (wild type, 

Gamma, Alpha and Eta) in 15 previously infected subjects at baseline (T0 inf ) and 

after two doses of vaccine (T2 inf ) and in 15 uninfected subjects after two doses of 

vaccine (T2 uninf ). Asterisks indicate significance levels: ∗∗∗ , p < 0.001. Median (IQR) 

titres of neutralizing antibody are reported below. 
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A  
ear Editor, 

In this Journal, the emergence of novel variants with potential

o escape vaccine-induced immunity has received commentary. 1 

The emergence of severe acute respiratory syndrome

oronavirus-2 (SARS-CoV-2) variants of concern (VOC) and variants

f interest (VOI) are challenging the management of the evolving

andemic across countries. The VOI labelled as Eta (WHO Classi-

cation), 2 combines relevant spike mutations detected in several

OC, such as the same 3 deletions of the Alpha lineage (69del,

0del, 144del), the E484K mutation found in the Gamma and Beta

ineages as well as in some Alpha isolates and the ubiquitous

614G. In addition, three mutations (A67V, Q677H and F888L) are

nique to Eta variant and it is currently unknown whether they

avor escape from natural or vaccine induced immunity to the

ild type lineage (B.1), as shown for other variants. 3 To test this

ypothesis, we measured the serum neutralizing antibody (NtAb)

esponse to Eta variant, as well as to other viral variants, in a

ohort of health care workers (HCWs) including both previously

nfected ( n = 15) and uninfected individuals ( n = 15) vaccinated

ith two doses of the BNT162b2 COVID-19 mRNA vaccine. The

tudy was approved by the Ethics Committee of the University of

ilan (protocol n. 23/21) and conducted in compliance with Good

linical Practice guidelines and the Declaration of Helsinki. The

reviously infected group was tested at baseline (T0 inf ) and 17 ±6

ays after receiving the second vaccine dose (T2 inf ); the uninfected

CWs were tested 18 ±4 days after the second dose vaccination

T2 uninf ). The infected group had median age [IQR] of 38 (31–52)

ears, included 8 females and was infected during the first wave

f the pandemic. The uninfected group had a median age of 38

29–59) years with 11 females. 

NtAb titers were determined by a microneutralization live virus

ssay performed in VERO E6 cells using the quantification of cell

iability as readout system, as previously described. 4 NtAb titers

ere expressed as median (IQR) and were defined as the reciprocal
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ecreased neutralization of the Eta SARS-CoV-2 variant by 

era of previously infected and uninfected vaccinated 

ndividuals 
1

alue of the sample dilution that showed a 50% protection of virus-

nduced cytopathic effect (ID 50 ). Sera with ID 50 titres ≥10 were de-

ned as SARS-CoV-2 neutralizing, while sera with ID 50 < 10 were

efined as negative and scored as 5 for statistical analysis. Fifteen,

4 and 11 individuals at T0 inf , T2 inf and T2 uninf , respectively, had

lso a quantitative anti-spike protein Ab determination, performed

y the SARS-CoV-2 IgG II Quant assay (Abbott). The viral isolates

sed in the microneutralization live virus assay were sequenced by

GS and the full-lenght SARS-CoV-2 genome was submitted to GI-

AID ( http://gisaid.org/ ) to assign the right variant (Accession num-

ers: EPI_ISL_2,472,896, EPI_ISL_1,085,167, EPI_ISL_2,472,918 and 

PI_ISL_2,472,916 for the wild type, Alpha, Gamma and Eta vari-

nts, respectively). Statistical analyses were performed using IBM

PSS Statistics, version 20. The non-parametric Friedman test and

ilcoxon Signed Rank Sum test was used to analyze changes in

aired data. The non-parametric Mann-Whitney test was used to

ompare unpaired data. Spearman analysis was used to measure

he correlation between NtAb titres against the different variants. 

In previously infected HCWs, NtAb titres to all viral vari-

nts significantly increased after vaccination (mean T2 inf /T0 inf ra-

io 119 ±66; p < 0.001). Notably, 2 to 12 subjects, depending on the

eference virus, were negative at T0 inf but all of them serocon-

erted following vaccination. As expected, the NtAb titer after vac-

ination was higher in the previously infected compared with the

ninfected group (mean T2 inf /T2 uninf ratio 6 ± 2; p < 0.001 ( Fig. 1 ).

verall, median NtAb titres to the Eta variant (63 [7–323] ID 50 )

orrelated well with those to the wild type (133 [9–456]), Gamma

148 [46–988]) and Alpha (87 [5-681]) ( p < 0.001 for all compar-

sons) and high correlation was indeed observed between NtAb

itres to any pair of virus variants ( Fig. 2 ). Of note, NtAb titres to

ta variant were significantly lower with respect to those obtained

or each variant ( p < 0.001). Anti-spike protein antibodies, as mea-

ured by enzyme immunoassay, were highly correlated with NtAb

itres to B.1 (rho = 0.934), P.1 (rho = 0.914), B.1.1.7 (rho = 0.913) and

.1.525 (rho = 0.918) viruses ( p < 0.001 for all comparisons). Also, a

ignificant increase was observed when comparing the anti-spike

b median titres at T2 inf and at T0 inf (27,763 [18,282–46,108] vs.

.7 [0.5–4.4]; p = 0.001). 
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Fig. 2. Spearman correlation between NtAb titres to each pair of the SARS-CoV-2 variants used in the study. Data were cumulated for all sera tested at T0 inf , T2 inf and T2 uninf . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Overall, in our small cohort of previously infected or uninfected

vaccinated-HCWs it appears that cross-neutralization among differ-

ent viral variants remains substantial, following natural or artifi-

cial immunization with the wild type lineage. However, neutral-

ization of Eta variant is significantly reduced with respect to other

variants. Indeed, NtAb titres could be ranked with the definite or-

der Gamma > wild type = Alpha > Eta. In vitro correlates of protection

against the Eta variant has been investigated in uninfected vacci-

nated individuals only in two different works delivering inconsis-

tent results. Indeed, Liu et al. 5 observed a modest reduction, while

Zani et al. 6 reported an increase in Eta variant NtAb titres with

respect to the wild type variant. Of note, NtAb studies published

so far have used different combination of strategies (e.g., live virus

vs. pseudoparticles), viral variants, cell lines and readouts, in the

absence of standardized methods and reference viral strains and

neutralizing sera. 7-10 For example, the full-length sequencing of the

isolates used in the assay should be always reported and submit-

ted to public repositories. Most importantly, while NtAb studies

certainly provide a solid basis to infer cross-protection among vac-

cines and virus variants, the in vivo correlates of in vitro data re-

main to be established and must be defined through accurate and

continuous monitoring of vaccine induced reduction of morbidity

and mortality in the context of molecular surveillance of SARS-

CoV-2 lineages. 
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ear Sir, 

In this Journal, Sansone and colleagues measured effective-

ess of BNT162b2 vaccine against the B.1.1.7 variant of SARS-CoV-

 among healthcare workers. 1 India experienced a severe secod

ave of SARS-CoV-2 infections during the months of April and

ay 2021. COVID-19 vaccination with BBV152 vaccine (Covaxin;

harat Biotech) and ChAdOx1 nCoV-19 (Covishield, Serum Insti-

ute of India) was started in the country in January 2021, target-

ng healthcare workers in the first phase and later expanded to in-

lude adult population groups. 2 Breakthrough infections following

accination have been reported in India. 3 , 4 Breakthrough infections

ould be due to emergence of newer mutant strains capable of es-

aping the host immune response. 5 During March 2021, sequenc-

ng of more than 10,0 0 0 RT-PCR positive samples indicated circu-

ation of viruses of B.1.1.7 (Alpha/UK variant), B.1.351 (beta/South

frican), P.1 (Gamma/Brazilian) lineage and Kappa/Delta Indian

ariants (B.1.617). 6 During the course of second wave in India,

elta B.1.617.2 variant emerged as the major sub-lineage among

ariants that also included B1617.1, B.617.3 and B.1.1.7. 3 Chennai

as one of the worst affected cities in the second wave of COVID-

9 in India, with nearly 60 0 0 cases reported daily during the first

hree weeks of May 2021, despite a high seroprevalence of around

5% estimated during October -November 2020. 7 Chennai has re-

orted more than 520,0 0 0 COVID-19 cumulative cases and 7793

eaths since the beginning of the pandemic and vaccinated around

 million people with at least one dose of COVID-19 vaccine. 8 In

his context, we described the prevalence of variants of concern
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redominance of delta variant among the COVID-19 

accinated and unvaccinated individuals, India, May 2021 
t  

t  
VOCs) among vaccinated and unvaccinated COVID-19 positive in-

ividuals in Chennai. 

Newly diagnosed COVID-19 patients are triaged in screening

enters established by the Greater Chennai Corporation. We se-

ected three of the ten such triaging centers for the study with one

enter each from the northern, central and southern parts of Chen-

ai to ensure representativeness. We consecutively enrolled con-

enting COVID-19 positive individuals visiting these centers who

ad taken at least one dose of COVID-19 vaccine 14 days prior

o confirmation of the diagnosis. We also recruited unvaccinated

OVID-19 cases attending the triage centers. We collected demo-

raphic details, clinical history, comorbidities, previous COVID-19

istory and date of vaccination. Nasal and oro-pharyngeal (N/OP)

wabs and blood samples were collected from the study partic-

pants. We tested the N/OP swab samples for the detection of

 and RdRP gene using Real-time RT-PCR and only those with

t < 30 were included for preparation of RNA libraries Illumina

ovidseq protocol (Illumina Inc, USA). 9 Amplified and purified li-

raries were quantified using KAPA Library Quantification Kit (Kapa

iosystems, Roche Diagnostics Corporation, USA) and loaded on

extSeq 500/550 system after normalization. Bcl files generated

ere analysed after conversion to fastq using CLC genomics work-

ench version11.0 (CLC, QIAGEN, Germany). Reference-based map-

ing was performed to retrieve the sequence of the SARS-CoV-2

nd a phylogenetic tree was generated using MEGA software ver-

ion 7. Blood samples were tested for SARS-CoV-2 IgG antibodies

gainst S1-RBD (Siemens, Munich, Germany). 

The participants were followed up telephonically after four

eeks to collect information about their symptoms, hospitalisa-

ion and treatment details, and clinical outcome. Patients with

pO2 < 94%, dyspnoea and requiring supplemental oxygen dur-

ng hospitalization were considered as having moderate/severe ill-

ess and remaining as mild illness. Categorical variables were ex-

ressed as proportions and continuous variables as median and

nter-quartile range (IQR). The study was approved by the Institu-

ional Ethics Committee of ICMR-National Institute of Epidemiol-

gy, Chennai. 

Of the 3790 COVID-19 cases who visited the triage centers be-

ween May 3 and May 7, 2021, 373 reported receiving at least one

ose of vaccine 14 days prior to their COVID-19 diagnosis and the

emaining 3417 were unvaccinated. We enrolled 354 (94.9%) of the

73 vaccinated (241 had taken one dose, (partially vaccinated) and

13 had taken two doses of COVID-19 vaccine (fully vaccinated))

nd 185 (5.4%) of the 3417 unvaccinated individuals in the study.

he median age of the individuals who were unvaccinated, re-

eived 1 and 2 doses were 47 years (IQR; 33–57), 53 years (IQR;

6–60) and 54 years (IQR: 42–64), respectively ( Table 1 ). Most

tudy participants were male and the proportion having comor-

idities was not different in the three groups. 

We could retrieve genomic sequences from 414 of the 539 sam-

les. Median RT-PCR cycle threshold values were similar in the

nvaccinated (22.4, IQR; 11.9–26.3) partially (22.5, IQR; 19.4–26.9)

nd fully (23.1, IQR; 18.3–26.4) vaccinated groups. B.1.617.2 (Delta

ariant) was the predominant VOC: 72.4% (134/185) in unvacci-

ated, 68.1% (164/241) in partially and 74.3% (84/113) in fully vac-

inated groups ( Table 1 ). AY.1 (Delta plus variant) was isolated in

ve study participants. Of the five patients with AY.1 infection, one

equired hospitalization for oxygen support and rest had mild dis-

ase. The proportion of other VOCs was low ( Table 1 ). A neighbor

oining tree was generated using Tamura-3-parameter model and a

oot strap of 10 0 0 replication cycle ( Fig. 1 ). Phylogenetic tree re-

ealed the presence four distinct sub-clusters in the delta variant,

imilar to observed seen in the larger dataset (data unpublished). 

Among the fully vaccinated, majority 85% ( n = 96) had IgG an-

ibody against SARS-CoV-2 S1-RBD whereas 63.9% ( n = 154) par-

ially vaccinated and 14.6% ( n = 27) in the unvaccinated group

mailto:alessia.lai@unimi.it
https://doi.org/10.1016/j.jinf.2021.08.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.08.006&domain=pdf
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Table 1. 

Demographic characteristics, VOCs prevalence and clinical outcome in the COVID-19 vaccinated and Unvaccinated. 

Characteristics 

Vaccinated for both doses 

( N = 113) 

n (% of total) 

Vaccinated for one dose 

( N = 241) 

n (% of total) 

Unvaccinated 

( N = 185) 

n (% of total) 

Age (Years) 

Median (Interquartile range) 54 (42–64) 53 (46–60) 47 (33–57) 

Gender 

Male 66 (58.4) 149 (61.8) 109 (58.9) 

Female 44 (38.9) 87 (36.1) 74 (40.0) 

Other 3 (2.7) 5 (2.1) 2 (1.1) 

Comorbidities 

Yes 50 (44.6) 110 (46.0) 71 (39.0) 

No 62 (55.4) 129 (54.0) 111 (61.0) 

missing 1 2 3 

Type of Vaccine 

Covaxin 31 (27.4) 80 (33.2) - 

Covishield 80 (70.8) 160 (66.4) - 

Do not Know 2 (1.8) 1 (0.4) - 

Variants of concern 

B.1.617.2 84 (74.3) 164 (68.1) 134 (72.4) 

B.1.617.1 1 (0.9) 6 (2.5) 4 (2.2) 

AY.1 1 (0.9) 2 (0.8) 2 (1.1) 

B.1.1.7 1 (0.9) 2 (0.8) 5 (2.7) 

B.1.351 0 (0.0) 2 (0.8) 3 (1.6) 

B.1.351.3 0 (0.0) 0 (0.0) 1 (0.5) 

B.1.1 0 (0.0) 0 (0.0) 1 (0.5) 

B.1.530 0 (0.0) 0 (0.0) 1 (0.5) 

Could not be retrieved 26 (23.0) 65 (27.0) 34 (18.4) 

Presence of IgG at the time of sample collection 

Yes 96 (85.0) 154 (63.9) 27 (14.6) 

No 9 (8.0) 64 (26.6) 118 (63.8) 

Not done 8 (7.0) 23 (9.5) 40 (21.6) 

Symptoms during the course of illness N = 104 N = 224 N = 176 

Yes 92 (88.5) 212 (94.6) 166 (94.3) 

No 12 (11.5) 12 (5.4) 10 (5.7) 

Severity of illness N = 104 N = 224 N = 176 

Moderate/Severe illness 7 (6.7) ∗ 46 (20.5) 34 (19.3) 

Mild illness 97 (93.3) 178 (79.5) 142 (80.7) 

Clinical outcome N = 104 N = 224 N = 176 

Alive 104 (100.0) 221 (98.7) 169 (96.0) 

Died 0 (0.0) ∗∗ 3 (1.3) ∗∗∗ 7 (4.0) 

∗ p = 0.003 for the proportions with severe disease among fully vaccinated and unvaccinated individuals. 
∗∗ p value (1-tail) = 0.018 for the proportions of deaths among fully vaccinated and unvaccinated individuals. 
∗∗∗ p value (1-tail) = 0.046 for the proportions of deaths among partially vaccinated and unvaccinated individuals. 

Fig. 1.. A neighbor-joining tree was generated using a Tamura 3-parameter model with gamma distribution and a bootstrap replication of 10 0 0 cycles. Common mutations 

observed in the B.1.617.2 lineage are mentioned in the figure. Further additional mutations were observed in B.1.617.2 cluster based on which four sub clusters were des- 

ignated. The sub-clusters are highlighted in different colors: sub-cluster I: blue color; sub-cluster II: red; sub-cluster III: grey; sub-cluster IV: green color. The additional 

lineages that were found are marked on the nodes: B.1.351: green; red: P.1 and brown: P.2 and B.1.617.1 is highlighted in orange color. NC_0.45512.2 (Wuhan Hu-1) is the 

start of the root. The figure is edited in Figtree v1.4.4 and Inkscape (For interpretation of the references to color in this figure legend, the reader is referred to the web 

version of this article). 
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ere seropositive. We followed up 504 (93.5%) of the 539 partic-

pants and found that majority were symptomatic (88.5% in the

ully vaccinated, 94.6% in the partially vaccinated and 94.3% in the

nvaccinated). The proportion of patients with moderate/severe ill-

ess was significantly lower in the fully vaccinated group (7/104.

.7%) than in the unvaccinated (34/176, 19.3%) group ( p = 0.003).

o deaths were reported in the fully vaccinated group, whereas 3

artially vaccinated group and seven unvaccinated COVID-19 pa-

ients died. The proportion of COVID-19 deaths was significantly

ower in the partially vaccinated (1.3%, p value (1-tail) = 0.046)

nd fully vaccinated (0%, p value (1-tail) = 0.018) than the unvac-

inated (4.0%). 

The study findings indicate that the prevalence of B.1.617.2 was

ot different between the vaccinated and unvaccinated groups.

elta variant was the dominant circulating strain and one of the

rimary drivers for the second wave of SARS-CoV-2 in India. 10 

tudies have documented reduction in neutralization titres among

ovishield and Covaxin recipients after infection with delta vari-

nt. 11 , 12 This might be the reason for the breakthrough infections 

bserved in the fully vaccinated individuals. However, the propor-

ion of patients progressing to severe illness and mortality was

ower in the vaccinated group. 

Our study has certain limitations. We recruited majority of the

accinated individuals visiting the triaging center but only 5% of

he unvaccinated individuals could be recruited due to logistics

hallenges. We could not follow up around 5% of the study par-

icipants. 

B.1.617.2 has the potential to infect both the vaccinated and un-

accinated individuals. However, the progression of illness seems

o be prevented by vaccination. Therefore, non-pharmaceutical in-

erventions must continue to slow down the transmission. Addi-

ionally, the pace and scale of vaccination has to be increased to

itigate the further waves of the pandemic. Systematic genomic

urveillance must be carried out to monitor the emergence of

ewer variants and assess their capacity to evade infection/vaccine

nduced immunity. 
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Dear Editor, 

We read with interest the study recently published by Tré-

Hardy et al. which analyzed the antibody response to the mRNA-

1273 vaccine in health care workers (HCWs) according to their

serological status before vaccination. 1 In agreement with previ-

ous reports and with our study on HCWs vaccinated with the

BNT162b2 mRNA vaccine, 2–4 they showed that a single vaccine

dose acts as booster in individuals with previous SARS-CoV-2 in-

fection and rapidly induces high antibody titres, even higher than

those achieved after two doses in naïve individuals. 1 Follow-up
Antibody response in individuals infected with 

SARS-CoV-2 early after the first dose of the BNT162b2 

mRNA vaccine 
Fig. 1. shows serum anti-SARS-CoV-2 RBD IgG and neutralizing antibody titres in the diff

Group A was tested at the time of the first dose of BNT162b2 mRNA vaccine (T0), at abo

dose (T2); groups B, C and D were tested on the days of the first (T0) and second (T1, 

dose (T2). (A) Anti-SARS-CoV-2 RBD IgG titers were measured by quantitative CMIA and 

were measured by microneutralization assays with live virus and reported as IC50 (50% n

(AU/mL ≥ 50) and neutralizing concentrations (IC50 > 10). Each coloured dot represents r

deviation. ∗ p < 0.5, ∗∗ p < 0.01; ∗∗∗ p < 0.001, ∗∗∗∗ p < 0.0 0 01 (Mann-Whitney test). Sta
valuation at 3 months showed a drop of antibody levels in some

accinees who were seronegative at baseline, but not in those who

ere seropositive. 1 These findings support the recommendation of

 single vaccine dose for individuals with prior SARS-CoV-2 infec-

ion, while suggesting the need of an additional dose in poor re-

ponders. 

Conceivably, SARS-CoV-2 infection following the first vaccine

ose might also act as a booster. However, information about the

evels of protective antibodies in these individuals are lacking and

here are no indications about the appropriateness of a second

ose of vaccine in individuals who were infected with SARS-CoV-2

fter having received the first dose. Here, we investigated the dy-

amics of antibody response to SARS-CoV-2 in HCWs who were

nfected within 14 days after the first dose of BNT162b2 mRNA

accine in comparison with the response to vaccination in naïve

CWs and in those with prior infection. 
erent study groups. 

ut 38 days after the first vaccine dose (T1) and 2,3 weeks after the second vaccine 

i.e. at 21 days after the first dose) vaccine doses and 2,3 weeks after the second 

reported as in arbitrary units (AU)/mL; (B) SARS-CoV-2 neutralizing antibody titers 

eutralization titre). The dashed lines indicate the cutoff level of positive antibodies 

aw values of one serum sample; solid lines indicate geometric means and standard 

tistical analysis was done using GrapPad Prism 9.1.2. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.08.008&domain=pdf
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Table 1 

Baseline characteristics and response to the BTN162b2 mRNA vaccine in health care workers with (groups A–C) or without (group D) SARS-CoV-2 infection. 

Group A Group B Group C Group D 

Infection 1–14 days after 1 

vaccine dose ( n = 22) 

Infection ≥ 2 months before 

vaccination ( n = 55) 

Infection < 2 months before 

vaccination ( n = 26) Naïve( n = 55) 

Baseline characteristics 

Males, n. (%) 4 (12) 8 (15) 12 (46) 10 (18) 

Females, n. (%) 18 (82) 47 (85) 14 (54) 45 (82) 

Age at vaccination, median 

years (IQR) 

42 (28–53) 46 (31–53) 43 (31–50) 47 (34–53) 

SARS-CoV-2 infection 

Asymptomatic, n. (%) 3 (14) 6 (11) 6 (23) NA 

Mild symptoms, n. (%) 19 (86) 46 (84) 19 (73) NA 

Hospitalization, n. (%) 0 (0) 3 (5) 1 (4) NA 

BTN162b2 vaccination 

Days between infection and 

dose 1, median (IQR) 

- 8 (4–11) 273 (68–291) 46 (42–48) NA 

Days between doses 1 and 2, 

median (IQR) 

75 (72–76) 21 (21–21) 21 (21–21) 21 (21–21) 

AE after dose 1, no. (%) 14 (64) 53 (96) 21 (81) 48 (87) 

AE after dose 2, no. (%) 16 (73) 50 (91) 24 (92) 50 (91) 

Anti-S RBD IgG 

Total positive, T0 (%) 0 52 (95) 21 (81) 0 (0) 

Total positive, T1 (%) 22 (100) 55 (100) 26 (100) 54 (98) 

Total positive, T2 (%) 22 (100) 55 (100) 26 (100) 55 (100) 

Anti-S RBD IgG titre 

T0, GMT (95% CI) 4 (1–11) 371 (250–553) 521 (298–909) 0.8 (0.5–1.0) 

T1, GMT (95% CI) 1553 (1151–2097) 23,974 (19,531–29,428) 96 87 (556 8–16,853) 690 (517–921) 

T2, GMT (95% CI) 8997 (5864–13,802) 32,056 (28,088–36,583) 24,476 (18,644–32,131) 14,492 (11,919–17,621) 

NT antibodies 

Total positive, T0 (%) 0 (0) 53 (96) ND 0 (0) 

Total positive, T1 (%) 22 (100) 55 (100) ND 47 (85) 

Total positive, T2 (%) 22 (100) 55 (100) ND 55 (100) 

NT antibody titre 

T0, GMT (95% CI) 1 (1–1) 102 (65–160) ND 1 (1–1) 

T1, GMT (95% CI) 96 (64–145) 1769 (1482–2111) ND 18 (12–27) 

T2, GMT (95% CI) 682 (455–1023) 2832 (2369–3384) ND 382 (318–458) 

NA: not applicable; ND: not done; AE: one or more adverse events following vaccine doses; NT antibodies: neutralizing antibodies; T0: day of first vaccine dose; T1: day 

of second vaccine dose (day 21 after first vaccine dose) in group B, C, D and day 38 after first vaccine dose in group A; T2: 2,3 weeks after second vaccine dose; GMT: 

geometric mean titre; 95% CI: 95% confidence interval. 
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In our prospective cohort study, which included 1958 HCWs

accinated with the BNT162b2 mRNA vaccine between January 1

nd March 30, 2021, 22 HCWs were infected with SARS-CoV-2 ≤ 14

ays after the first vaccine dose and had the second dose post-

oned > 2 months. The anti-SARS-CoV-2 antibody response in this

roup of HCWs (group A: concomitant infection) was compared

ith that observed in other groups: i.e., HCWs who got infected

rom March 2020 to November 2020 and were vaccinated in Jan-

ary 2021 (group B: prior infection, ≥ 2 months, n = 55); HCWs

ho got infected in December 2020 and had vaccination post-

oned > 1 month (group C: prior infection, < 2 months, n = 26),

nd naïve HCWs, who were regularly vaccinated in January 2021

group D: naïve, n = 55). Group A received the second vaccine dose

 median of 75 days after dose 1; groups B, C, and D received the

econd dose 21 days after the first dose ( Table 1 ). 

Median age was similar among groups; group C included a

igher percentage of males; group A reported less frequently ad-

erse events to vaccination than the other groups ( Table 1 ). All

CWs in groups A, B and C had asymptomatic infection or mild

ymptoms, with the exception of one in group C who required hos-

italization. In group A, SARS-CoV-2 infection was diagnosed a me-

ian of 8 days after the first vaccine dose ( Table 1 ). 

All study subjects were tested for anti-SARS-CoV-2 spike

eceptor-binding domain (RBD) IgG antibodies and neutralizing an-

ibodies, as previously reported. 6 Testing was performed upon ad-

inistration of the first (T0) and the second (T1) vaccine doses,

nd 2 to 3 weeks after the second dose (T2). For group A, T1 was

et on day 38 after the first vaccine dose. 

In group A, geometric mean titre (GMT) of RBD-binding IgG an-

ibodies, measured after recovery and at median 38 days (IQR 37–
8) after the first vaccine dose, was about 15-fold and 6-fold lower

han that observed 21 days after the first dose in groups B and C

 p < 0.0 0 01). Conversely, it was 3-fold higher than the peak an-

ibody titer measured after natural infection, i.e., at T0 in group

 HCWs in whom antibodies were measured 46 days (IQR 42–48)

fter diagnosis ( p < 0.001), and 2-fold higher than in naïve group

 HCWs 21 days after the first vaccine dose ( p < 0.01) ( Table 1

nd Fig. 1 A). Following two vaccine doses, GMT of RBD-binding

gG in group A was similar to GMT in naïve HCWs after two vac-

ine doses, but significantly lower than in fully vaccinated group B

nd C HCWs with prior SARS-CoV-2 infection ( Table 1 and Fig. 1 A).

ccordingly, in group A, neutralizing antibody GMT after the first

accine dose was similar to that observed after natural infection,

ignificantly higher than in naïve HCWs after the first vaccine dose,

ut lower than the neutralizing antibody titer observed in HCWs

ith prior infection who received 1 vaccine dose and in fully vac-

inated HCWs ( Fig. 1 B). In addition, after the first vaccine dose,

eutralizing antibodies were detected in all group A and B HCWs

nd in 85% of naïve HCWs ( Table 1 ). A second vaccine dose in-

uced significantly higher neutralizing antibody titers in group A

han in naïve HCWs, but significantly lower than in HCWs with

rior infection ( Fig. 1 B). 

In conclusion, this study demonstrated that the titers of SARS-

oV-2 RBD-binding IgG and neutralizing antibodies induced by

accination with BNT162b2 were significantly higher in HCWs in-

ected with SARS-CoV-2 ≤ 14 days after the first vaccine dose than

n naïve subjects, but significantly lower than in HCWs infected

efore vaccination. In addition, the relatively high levels of RBD-

inding IgG and neutralizing antibodies in HCWs infected after

accination were similar to those achieved after natural infection.
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This level of immunity probably confers protection against symp-

tomatic SARS-CoV-2 infection and disease, according with data

from the literature which showed that the levels of neutralizing

antibodies detected in convalescent serum prevent severe infec-

tion. 5 However, as the minimum level of antibodies associated

with protection has not been defined, 6 a cautionary approach is

preferable. Thus, while recommending a single dose for individuals

who were infected months before vaccination, the same approach

might not be appropriate for those who are diagnosed with the

infection soon after the first dose of vaccine, especially in the con-

text of the emergence and spread of variants of concern which es-

cape antibody neutralization. 7 In our study, the strategy to post-

pone the second dose of two months in this group of HCWs al-

lowed to rapidly achieve an optimal antibody response. This is cru-

cial for elderly and immunosuppressed individuals (not included in

our study population), since they mount significantly lower anti-

body responses than younger and healthy adults and are at risk of

breakthrough infections. 8 
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