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The evaluation of the neutralizing capacity of anti-SARS-CoV-2 antibodies is important because they represent real
protective immunity. In this study we aimed to measure and compare the neutralizing antibodies (NAbs) in COVID-19
patients and in vaccinated individuals. One-hundred and fifty long-term samples from 75 COVID-19 patients were
analyzed with a surrogate virus neutralization test (sVNT) and compared to six different SARS-CoV-2 serology assays.
The agreement between the sVNT and pseudovirus neutralization test (pVNT) results was found to be excellent (i.e.,
97.2%). The NAb response was also assessed in 90 individuals who had received the complete dose regimen of
BNT162b2. In COVID-19 patients, a stronger response was observed in moderate—severe versus mild patients (p-value =
0.0006). A slow decay in NAbs was noted in samples for up to 300 days after diagnosis, especially in moderate—severe
patients (r = —0.35, p-value = 0.03). In the vaccinated population, 83.3% of COVID-19-naive individuals had positive NAbs
14 days after the first dose and all were positive 7 days after the second dose, i.e., at day 28. In previously infected
individuals, all were already positive for NAbs at day 14. At each time point, a stronger response was observed for
previously infected individuals (p-value < 0.05). The NAb response remained stable for up to 56 days in all participants.
Vaccinated participants had significantly higher NAb titers compared to COVID patients. In previously infected vaccine
recipients, one dose might be sufficient to generate sufficient neutralizing antibodies.COVID-19; SARS-CoV-2; neutralizing
antibodies; humoral response; long-term kinetics
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| 1. Introduction

The revelation of SARS-CoV-2 RNA through a real-time reverse transcription polymerase chain reaction (RT-PCR) from
nasopharyngeal swab samples is considered the gold standard method for the diagnosis of acute SARS-CoV-2 infection.
Nevertheless, individuals with positive RT-PCR results represent only a limited fraction of all infections, given the limited
availability and the brief time window in which RT-PCR testing presents the highest sensitivity 112,

The detection of specific antibodies following SARS-CoV-2 infection allows for the evaluation of the seroprevalence, the
identification of convalescent plasma donors, the monitoring of herd immunity, the generation of risk prediction models,
and is also likely to play a key role in the context of the global vaccination strategy B4, Anti-SARS-CoV-2 neutralizing
antibodies (NAbs) are of particular importance because these are the antibodies which inhibit the binding of the receptor-
binding domain (RBD) of the surface spike (S) protein to the human angiotensin-converting enzyme 2 (ACE2) receptor.
The complex formed between the virus S protein and the human ACE2 is responsible for the virus entry into hosts cells
and the inhibition of the formation of this complex may thereby prevent infection and reduce disease severity =61,

| 2. Neutralizing Antibodies in COVID-19 Patients

Figure 1 represents the NAb titers obtained in past-COVID-19 patients. The mean NAb titer in moderate—severe patients
was significantly higher compared to mild patients (125 versus 33.9 AU/mL, p-value = 0.0006). All moderate—severe
patients had positive NAbs (39/39) and 80.2% of mild patients were positive (89/111).
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Figure 1. NAb titers obtained in the first group of COVID-19 patients and in the pre-pandemic cohort. The black dotted
line corresponds to the positivity threshold of 10 AU/mL.

Considering only samples obtained =14 days since diagnosis, a weak but significant decay in NAb titers was observed
over time in moderate—severe COVID-19 patients (r = —0.35, p-value = 0.03). The apparent slow decrease observed in

mild COVID-19 patients was not statistically significant (r = —0.14, p-value = 0.14) (Figure 2).
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Figure 2. The kinetics of NAbs in moderate—severe versus mild COVID-19 (group 1). The black dotted line corresponds to

the positivity threshold of 10 AU/mL.

The correlations between NAbs and SARS-CoV-2 antibody assays is presented in Figure 3. The six assays were
significantly correlated to NAbs (p-value < 0.0001). The highest correlation coefficient was observed with the Phadia S
IgG assay (r = 0.89) and the lowest one was observed on the Roche NCP assay (r = 0.46). With the exception of the
Roche S total and Ortho IgG assays, higher correlations were obtained for IgG assays and weaker correlations for total
assays (Figure 3). The agreement between methods was good and ranged from 82.7% to 88.0%.
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Figure 3. Head-to-head comparison of the sVNT to six different SARS-CoV-2 antibody assays. Black dotted lines
correspond to the positivity threshold of each assay. (A): Phadia 1gG spike assay; (B): DiaSorin IgG spike assay; (C):
Ortho 1gG spike assay; (D): Ortho total antibody spike assay; (E): Roche total antibody spike assay; (F): Roche total

antibody nucleocapsid assay.

| 3. Neutralizing Antibodies in Vaccinated Volunteers

The Figure 4 represents the evolution of NAbs in a group of 90 vaccinated individuals. In uninfected, seronegative
individuals (n = 60/90), none had detectable anti-NCP antibodies nor NAbs at baseline. At day 14, the rate of
seroconversion after the first dose was 83.3% (n = 50/60) with a 5.1-fold increase of NAD titers. Seven days after the
administration of the second dose, a 114.3-fold increase was observed from baseline and all individuals had NAb titers
above the positivity threshold. At days 42 and 56, the mean titers were not statistically different from those obtained at day

28 (p-value > 0.99) (Figure 4).
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Figure 4. The evolution of NAbs in a group of 90 vaccinated participants. Uninfected individuals are represented in yellow
and previously infected individuals are represented in green turquoise. The black dotted line corresponds to the positivity
threshold of 10 AU/mL.

In individuals with a previous SARS-CoV-2 infection, 26.7% (n = 8/30) had negative NAbs at baseline and all individuals
had positive anti-NCP results. At day 14, a significant 31.3-fold increase in NAbs was observed, with all individuals
becoming positive. Compared to the NADb titers observed at day 14, the second dose administration had no significant
impact on the NAD titers until up to day 56 (p-value > 0.99) (1.3-fold increase) (Figure 4).

Considering each time point separately, NAbs were always statistically higher in previously infected individuals compared
to uninfected individuals (Figure 4). The mean NADb titers of previously infected individuals at baseline were not different
from those observed in uninfected individuals 14 days after the first dose administration (p-value > 0.99). NAbs titers in
previously infected individuals at day 14 were not different from titers obtained in uninfected individuals at days 28 and 56

(p-value > 0.05).

All vaccinated participants had significantly higher NAb titers after the complete dose regimen of the BNT162b2 vaccine
compared to our cohort of COVID-19 patients (Figure 5).
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Figure 5. NAD titers obtained in the first group (moderate—severe and mild COVID-19), compared to those obtained in the
group of vaccinated participants, at day 56. The black dotted line corresponds to the positivity threshold of 10 AU/mL.

| 4. Discussion

In this study, we evaluated the neutralizing capacity in two groups of COVID-19 patients and healthcare professionals who
had received the complete dose regimen of the BNT162b2 vaccine. For that purpose, an sVNT was used. The method
was based on antibody-mediated blockage of the interaction between the ACE2 receptor protein and the RBD. Since
some reports demonstrated that some non-RBD targeting antibodies could possess neutralizing capacity [ the
agreement of the sVNT with pVNT was evaluated using a subset of our cohort of COVID-19 patients. An excellent
agreement of 97.2% was found and is consistent with the manufacturer’s data. We also found that the specificity of the
sVNT using a panel of 250 pre-pandemic samples was excellent (i.e., 99.6%) using the manufacturer’'s cut-off of 10.0
AU/mL. A potential cut-off refinement using a ROC curve analysis did not reveal the usefulness of an optimized cut-off, as
already performed for some serological assays QLML The excellent specificity observed in our study was in

line with that claimed by the manufacturer (i.e., 99.3%) using 270 samples from healthy volunteers who had no COVID-19
infection history and no vaccination history (manufacturer’s information). The precision of the assay was also good.

As observed in previous reports 28, a stronger neutralizing activity was identified in moderate—severe compared to mild
COVID-19 patients (Figure 1).

The slow decay in NAbs with time was also consistent with some reports LEILALBIL9N20]21]22](23] ' especially considering
mild—moderate patients. A stronger SARS-CoV-2 antibody response in severe patients was also reported 24, Compared
to SARS-CoV-2 antibody assays, only neutralization activity assays reliably measure the real protective immunity of
generated antibodies. There is also a high demand for the neutralization tests in specific clinical and industrial settings
(e.g., for identification purposes with convalescent plasma or to support the development of vaccines). However, the
conventional virus neutralization test requires live pathogens and is reserved for very specialized laboratories, requiring a
high workload, skillful operators, specific and expensive facilities, and a biosafety level 3 laboratory, and on top of that,
they have a low result throughput (221281, The use of automated and quantitative assays with a short turn-around time that
have a well-documented correlation with the neutralizing activity should be preferred 21[28128] |n our study, we observed
that the Phadia S1 IgG assay had the highest correlation compared to sVNT (r = 0.89) (Figure 3). The second, better
correlated assay was the DiaSorin S1/S2 assay (r = 0.75). This is in line with the findings of Legros et al., who showed a
correlation of 0.71 using a microneutralization assay 2. The Ortho S1 IgG assay had a higher correlation compared to
the Ortho S1 total assay, as observed in a study by Padoan et al. 4. Considering anti-NCP antibodies, the Roche total
assay presented the lowest correlation with the results of the sVNT (r = 0.46). Patel et al. obtained similar conclusions
when comparing the Roche NCP total assay to neutralizing activity (r = 0.40) BY. We therefore confirm that the strongest
correlations are observed using anti-S or anti-RBD assays BI22BLUB2I33] and our study highlights that correlations were
especially high with the IgG assay. The fact that anti-NCP assays had a low correlation with the neutralizing activity was
expected, as NAbs are directed against the S protein B4, Nevertheless, it is important to keep in mind that a few patients
may develop specific antibodies, i.e., antibodies detected by conventional serological assays, which do not translate into a
detectable neutralizing activity. We therefore think that the assessment of the neutralizing activity using an sVNT on an
automated platform (without the disagreement of the gold standard technique) might be valuable.

In the group of vaccinated individuals from the CRO-VAX HCP study 3538137 e evaluated the neutralizing response in
a cohort of 90 volunteers, of which 60 were uninfected and 30 were previously infected by SARS-CoV-2, having received
the complete dose regimen of the BNT162b2 vaccine. NAbs were measured at baseline, i.e., just before the
administration of the first dose, and at 14, 28, 42 and 56 days. So far, few reports have investigated the neutralizing
response in vaccinated subjects [B8I39401[41][42][43] and they mainly included few participants, only investigating the effect
of the first dose [BA42] or did not include previously infected individuals 231, In our study, a significant increase in NAb
titers was seen after the first dose (i.e., a 5.1- and a 31.1-fold increase in uninfected and previously infected individuals,
respectively) in all participants (Figure 4). Interestingly, the neutralizing capacity was similar when comparing previously
infected individuals at baseline and naive individuals after the first dose, an observation that is similar to that of Manisty et
al. using the Roche RBD total assay 4], After the second dose, a significant increase in NAb titers was only observed in
uninfected individuals (i.e., a 22.3-fold increase between day 14 and 28). Afterwards, the peak of the neutralizing capacity
seems to have been reached at day 42 (i.e., 613 AU/mL) and a slight but non-significant decrease was observed at day
56 (527 AU/mL), which could be explained by the natural clearance of antibodies via excretion or mostly via catabolism
(451, Terpos et al. obtained similar findings using the cPass™ sVNT from GenScript 43, All participants were considered
positive 7 days after the second dose. In previously infected individuals, NAD titers at days 28 to 56, i.e., 7 and 35 days
after the second dose, were not significantly different from those at day 14 after the first dose (Figure 4). The non-



significant differences between the neutralizing capacity after the first dose and after the second dose support the concept
only one dose might be sufficient to generate a complete neutralizing antibody response in individuals with a previous
SARS-CoV-2 infection (Figure 4). Using an sVNT, Ebiger et al. also noticed a similar response after the second dose in
previously infected individuals, but the number of participants who had received the second dose was low (n = 11) and
they were followed up for a maximum of 28-42 days 8. Evaluation of the pre-vaccinal serological status could therefore
be proposed as a strategy to identify patients who will only require the booster dose 4. In this context, pan-
immunoglobulin assays should be preferred due to their higher sensitivity observed in long-term studies (up to 1 year
post-infection) (241481 compared to Nabs, which were negative in eight out of 30 (73.3%) previously infected individuals in
our cohort (median days since RT-PCR = 158) (Figure 4). The NADb titer after the first dose in previously infected
individuals was not significantly different from the NADb titers of uninfected individuals after the two-dose regimen (p-value
> 0.05), even if lower mean titers were reported (Figure 4). This finding is inconsistent with the recent data of Anchini et
al., who reported significantly higher NAb titers in previously infected individuals after the first dose compared to the
uninfected individuals who had received two doses [44],

In conclusion, we found a stronger neutralizing capacity in moderate—severe versus mild COVID-19 patients, in which a
slow decay with time was observed. Vaccinated participants had significantly higher NAb titers after the complete dose
regimen of the BNT162b2 vaccine compared to our cohort of COVID-19 patients. In light of these data, we can
hypothesize that only one dose of the BNT162b2 vaccine might be sufficient in previously infected individuals to generate
sufficient NAb titers to confer a sufficient serological immunity.

References

1. Gudbjartsson, D.F.; Norddahl, G.L.; Melsted, P.; Gunnarsdottir, K.; Holm, H.; Eythorsson, E.; Arnthorsson, A.O.;
Helgason, D.; Bjarnadottir, K.; Ingvarsson, R.F.; et al. Humoral Immune Response to SARS-CoV-2 in Iceland. N. Engl.
J. Med. 2020, 383, 1724-1734.

2. Li, R.; Pei, S.; Chen, B.; Song, Y.; Zhang, T.; Yang, W.; Shaman, J. Substantial undocumented infection facilitates the
rapid dissemination of novel coronavirus (SARS-CoV-2). Science 2020, 368, 489-493.

3. Bohn, M.K; Loh, T.P.; Wang, C.B.; Mueller, R.; Koch, D.; Sethi, S.; Rawlinson, W.D.; Clementi, M.; Erasmus, R.;
Leportier, M.; et al. IFCC Interim Guidelines on Serological Testing of Antibodies against SARS-CoV-2. Clin. Chem.
Lab. Med. CCLM/FESCC 2020, 58, 2001-2008.

4. Joyner, M.J.; Carter, R.E.; Senefeld, J.W.; Klassen, S.A.; Mills, J.R.; Johnson, P.W.; Theel, E.S.; Wiggins, C.C.; Bruno,
K.A.; Klompas, A.M.; et al. Convalescent Plasma Antibody Levels and the Risk of Death from Covid-19. N. Engl. J.
Med. 2021, 384, 1015-1027.

5. Premkumar, L.; Segovia-Chumbez, B.; Jadi, R.; Martinez, D.R.; Raut, R.; Markmann, A.; Cornaby, C.; Bartelt, L.;
Weiss, S.; Park, Y.; et al. The receptor binding domain of the viral spike protein is an immunodominant and highly
specific target of antibodies in SARS-CoV-2 patients. Sci. Immunol. 2020, 5.

6. Shang, J.; Wan, Y.; Luo, C.; Ye, G.; Geng, Q.; Auerbach, A.; Li, F. Cell entry mechanisms of SARS-CoV-2. Proc. Natl.
Acad. Sci. USA 2020, 117, 11727-11734.

7. Chi, X.; Yan, R.; Zhang, J.; Zhang, G.; Zhang, Y.; Hao, M.; Zhang, Z.; Fan, P.; Dong, Y.; Yang, Y.; et al. A neutralizing
human antibody binds to the N-terminal domain of the Spike protein of SARS-CoV-2. Science 2020, 369, 650—655.

8. Suryadevara, N.; Shrihari, S.; Gilchuk, P.; VanBlargan, L.A.; Binshtein, E.; Zost, S.J.; Nargi, R.S.; Sutton, R.E.; Winkler,
E.S.; Chen, E.C.; et al. Neutralizing and protective human monoclonal antibodies recognizing the N-terminal domain of
the SARS-CoV-2 spike protein. Cell 2021, 184, 2316-2331.e2315.

9. Plebani, M.; Padoan, A.; Negrini, D.; Carpinteri, B.; Sciacovelli, L. Diagnostic performances and thresholds: The key to
harmonization in serological SARS-CoV-2 assays? Clin. Chim. Acta Int. J. Clin. Chem. 2020, 509, 1-7.

10. Favresse, J.; Cadrobbi, J.; Eucher, C.; Elsen, M.; Laffineur, K.; Dogne, J.M.; Douxfils, J. Clinical performance of three
fully automated anti-SARS-CoV-2 immunoassays targeting the nucleocapsid or spike proteins. J. Med. Virol. 2021, 93,
2262-2269.

11. Favresse, J.; Eucher, C.; Elsen, M.; Tre-Hardy, M.; Dogne, J.M.; Douxfils, J. Clinical Performance of the Elecsys
Electrochemiluminescent Immunoassay for the Detection of SARS-CoV-2 Total Antibodies. Clin. Chem. 2020, 66,
1104-1106.

12. Favresse, J.; Brauner, J.; Bodart, N.; Vigneron, A.; Roisin, S.; Melchionda, S.; Douxfils, J.; Ocmant, A. An original
multiplex method to assess five different SARS-CoV-2 antibodies. Clin. Chem. Lab. Med. CCLM/FESCC 2021, 59,
971-978.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Gillot, C.; Douxfils, J.; Cadrobbi, J.; Laffineur, K.; Dogne, J.M.; Elsen, M.; Eucher, C.; Melchionda, S.; Modaffarri, E.;
Tre-Hardy, M.; et al. An Original ELISA-Based Multiplex Method for the Simultaneous Detection of 5 SARS-CoV-2 IgG
Antibodies Directed against Different Antigens. J. Clin. Med. 2020, 9, 3752.

Tre-Hardy, M.; Wilmet, A.; Beukinga, |.; Favresse, J.; Dogne, J.M.; Douxfils, J.; Blairon, L. Analytical and clinical
validation of an ELISA for specific SARS-CoV-2 IgG, IgA, and IgM antibodies. J. Med. Virol. 2021, 93, 803-811.

Mairesse, A.; Favresse, J.; Eucher, C.; Elsen, M.; Tre-Hardy, M.; Haventith, C.; Gruson, D.; Dogne, J.M.; Douxfils, J.;
Gobbels, P. High clinical performance and quantitative assessment of antibody kinetics using a dual recognition assay
for the detection of SARS-CoV-2 IgM and IgG antibodies. Clin. Biochem. 2020, 86, 23-27.

Lau, E.H.Y.; Tsang, O.T.Y.; Hui, D.S.C.; Kwan, M.Y.W.; Chan, W.H.; Chiu, S.S.; Ko, R.L.W.; Chan, K.H.; Cheng, S.M.S,;
Perera, R.; et al. Neutralizing antibody titres in SARS-CoV-2 infections. Nat. Commun. 2021, 12, 63.

Crawford, K.H.D.; Dingens, A.S.; Eguia, R.; Wolf, C.R.; Wilcox, N.; Logue, J.K.; Shuey, K.; Casto, A.M.; Fiala, B.;
Wrenn, S.; et al. Dynamics of neutralizing antibody titers in the months after SARS-CoV-2 infection. J. Infect. Dis. 2020.

Isho, B.; Abe, K.T.; Zuo, M.; Jamal, A.J.; Rathod, B.; Wang, J.H.; Li, Z.; Chao, G.; Rojas, O.L.; Bang, Y.M.; et al.
Persistence of serum and saliva antibody responses to SARS-CoV-2 spike antigens in COVID-19 patients. Sci.
Immunol. 2020, 5.

Muecksch, F.; Wise, H.; Batchelor, B.; Squires, M.; Semple, E.; Richardson, C.; McGuire, J.; Clearly, S.; Furrie, E.; Neil,
G.; et al. Longitudinal analysis of clinical serology assay performance and neutralising antibody levels in COVID19
convalescents. medRxiv 2020.

Prevost, J.; Gasser, R.; Beaudoin-Bussieres, G.; Richard, J.; Duerr, R.; Laumaea, A.; Anand, S.P.; Goyette, G.;
Benlarbi, M.; Ding, S.; et al. Cross-Sectional Evaluation of Humoral Responses against SARS-CoV-2 Spike. Cell Rep.
Med. 2020, 1, 100126.

Seow, J.; Graham, C.; Merrick, B.; Acors, S.; Pickering, S.; Steel, K.J.A.; Hemmings, O.; O'Byrne, A.; Kouphou, N.;
Galao, R.P.; et al. Longitudinal observation and decline of neutralizing antibody responses in the three months following
SARS-CoV-2 infection in humans. Nat. Microbiol. 2020, 5, 1598-1607.

Wajnberg, A.; Amanat, F.; Firpo, A.; Altman, D.R.; Bailey, M.J.; Mansour, M.; McMahon, M.; Meade, P.; Mendu, D.R.;
Muellers, K.; et al. Robust neutralizing antibodies to SARS-CoV-2 infection persist for months. Science 2020, 370,
1227-1230.

Wang, K.; Long, Q.X.; Deng, H.J.; Hu, J.; Gao, Q.Z.; Zhang, G.J.; He, C.L.; Huang, L.Y.; Hu, J.L.; Chen, J.; et al.
Longitudinal dynamics of the neutralizing antibody response to SARS-CoV-2 infection. Clin. Infect Dis. 2020.

Favresse, J.; Eucher, C.; Elsen, M.; Gillot, C.; Van Eeckhoudt, S.; Dogne, J.M.; Douxfils, J. Persistence of Anti-SARS-
CoV-2 Antibodies Depends on the Analytical Kit: A Report for Up to 10 Months after Infection. Microorganisms 2021, 9,
556.

Tan, C.W.; Chia, W.N.; Qin, X.; Liu, P.; Chen, M.1.; Tiu, C.; Hu, Z.; Chen, V.C.; Young, B.E.; Sia, W.R.; et al. A SARS-
CoV-2 surrogate virus neutralization test based on antibody-mediated blockage of ACE2-spike protein-protein
interaction. Nat. Biotechnol. 2020, 38, 1073-1078.

Lippi, G.; Sciacovelli, L.; Trenti, T.; Plebani, M.; on behalf of the Executive Board of SIBioC. Kinetics and biological
characteristics of humoral response developing after SARS-CoV-2 infection: Implications for vaccination. Clin. Chem.
Lab. Med. CCLM/FESCC 2021, 59, 1333-1335.

Padoan, A.; Bonfante, F.; Pagliari, M.; Bortolami, A.; Negrini, D.; Zuin, S.; Bozzato, D.; Cosma, C.; Sciacovelli, L.;
Plebani, M. Analytical and clinical performances of five immunoassays for the detection of SARS-CoV-2 antibodies in
comparison with neutralization activity. eBioMedicine 2020, 62, 103101.

Tang, M.S.; Farnsworth, C.W. Associating SARS-CoV-2 Serological Assays with Protection: Where the Field Stands.
Clin. Chem. 2021, 67, 707-709.

Legros, V.; Denolly, S.; Vogrig, M.; Boson, B.; Siret, E.; Rigaill, J.; Pillet, S.; Grattard, F.; Gonzalo, S.; Verhoeven, P.; et
al. A longitudinal study of SARS-CoV-2-infected patients reveals a high correlation between neutralizing antibodies and
COVID-19 severity. Cell Mol. Immunol. 2021, 18, 318-327.

Patel, E.U.; Bloch, E.M.; Clarke, W.; Hsieh, Y.H.; Boon, D.; Eby, Y.; Fernandez, R.E.; Baker, O.R.; Keruly, M.; Kirby,
C.S.; et al. Comparative Performance of Five Commercially Available Serologic Assays To Detect Antibodies to SARS-
CoV-2 and Identify Individuals with High Neutralizing Titers. J. Clin. Microbiol. 2021, 59.

Figueiredo-Campos, P.; Blankenhaus, B.; Mota, C.; Gomes, A.; Serrano, M.; Ariotti, S.; Costa, C.; Nunes-Cabaco, H.;
Mendes, A.M.; Gaspar, P.; et al. Seroprevalence of anti-SARS-CoV-2 antibodies in COVID-19 patients and healthy
volunteers up to 6 months post disease onset. Eur. J. Immunol. 2020, 50, 2025-2040.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

McAndrews, K.M.; Dowlatshahi, D.P.; Dai, J.; Becker, L.M.; Hensel, J.; Snowden, L.M.; Leveille, J.M.; Brunner, M.R;
Holden, K.W.; Hopkins, N.S.; et al. Heterogeneous antibodies against SARS-CoV-2 spike receptor binding domain and
nucleocapsid with implications for COVID-19 immunity. JCI Insight 2020, 5.

Ibarrondo, F.J.; Fulcher, J.A.; Goodman-Meza, D.; Elliott, J.; Hofmann, C.; Hausner, M.A.; Ferbas, K.G.; Tobin, N.H.;
Aldrovandi, G.M.; Yang, O.0. Rapid Decay of Anti-SARS-CoV-2 Antibodies in Persons with Mild Covid-19. N. Engl. J.
Med. 2020, 383, 1085-1087.

Favresse, J.; Elsen, M.; Eucher, C.; Laffineur, K.; Van Eeckhoudt, S.; Nicolas, J.B.; Gillot, C.; Dogne, J.M.; Douxfils, J.
Long-term kinetics of anti-SARS-CoV-2 antibodies in a cohort of 197 hospitalized and non-hospitalized COVID-19
patients. Clin. Chem. Lab. Med. CCLM/FESCC 2021, 59, e179-e183.

Favresse, J.; Bayart, J.L.; Mullier, F.; Dogne, J.M.; Closset, M.; Douxfils, J. Early antibody response in health-care
professionals after two doses of SARS-CoV-2 mRNA vaccine (BNT162b2). Clin. Microbiol. Infect 2021.

Favresse, J.; Bayart, J.-L.; Mullier, F,; Elsen, M.; Eucher, C.; Eeckhoudt, S.V.; Roy, T.; Wieers, G.; Laurent, C.; Dogné,
J.-M.; et al. Antibody titers decline 3-month post-vaccination with BNT162b2. Emerg. Microbes Infect. 2021, 1-8.

Bayart, J.L.; Morimont, L.; Closset, M.; Wieers, G.; Roy, T.; Gerin, V.; Elsen, M.; Eucher, C.; Van Eeckhoudt, S.;
Ausselet, N.; et al. Confounding Factors Influencing the Kinetics and Magnitude of Serological Response Following
Administration of BNT162b2. Microorganisms 2021, 9, 1340.

Ebinger, J.E.; Fert-Bober, J.; Printsev, I.; Wu, M.; Sun, N.; Prostko, J.C.; Frias, E.C.; Stewart, J.L.; Van Eyk, J.E.; Braun,
J.G.; et al. Antibody responses to the BNT162b2 mRNA vaccine in individuals previously infected with SARS-CoV-2.
Nat. Med. 2021, 27, 981-984.

Saadat, S.; Rikhtegaran Tehrani, Z.; Logue, J.; Newman, M.; Frieman, M.B.; Harris, A.D.; Sajadi, M.M. Binding and
Neutralization Antibody Titers After a Single Vaccine Dose in Health Care Workers Previously Infected With SARS-
CoV-2. JAMA 2021, 325, 1467-1469.

Prendecki, M.; Clarke, C.; Brown, J.; Cox, A.; Gleeson, S.; Guckian, M.; Randell, P.; Pria, A.D.; Lightstone, L.; Xu, X.N.;
et al. Effect of previous SARS-CoV-2 infection on humoral and T-cell responses to single-dose BNT162b2 vaccine.
Lancet 2021, 397, 1178-1181.

Anichini, G.; Terrosi, C.; Gandolfo, C.; Gori Savellini, G.; Fabrizi, S.; Miceli, G.B.; Cusi, M.G. SARS-CoV-2 Antibody
Response in Persons with Past Natural Infection. N. Engl. J. Med. 2021, 385, 90-92.

Lustig, Y.; Nemet, |.; Kliker, L.; Zuckerman, N.; Yishai, R.; Alroy-Preis, S.; Mendelson, E.; Mandelboim, M. Neutralizing
Response against Variants after SARS-CoV-2 Infection and One Dose of BNT162b2. N. Engl. J. Med. 2021, 384,
2453-2454.

Terpos, E.; Trougakos, I.P.; Apostolakou, F.; Charitaki, I.; Sklirou, A.D.; Mavrianou, N.; Papanagnou, E.D.; Liacos, C.I.;
Gumeni, S.; Rentziou, G.; et al. Age-dependent and gender-dependent antibody responses against SARS-CoV-2 in
health workers and octogenarians after vaccination with the BNT162b2 mRNA vaccine. Am. J. Hematol. 2021, 96,
E257-E259.

Manisty, C.; Otter, A.D.; Treibel, T.A.; McKnight, A.; Altmann, D.M.; Brooks, T.; Noursadeghi, M.; Boyton, R.J.; Semper,
A.; Moon, J.C. Antibody response to first BNT162b2 dose in previously SARS-CoV-2-infected individuals. Lancet 2021,
397, 1057-1058.

Lobo, E.D.; Hansen, R.J.; Balthasar, J.P. Antibody pharmacokinetics and pharmacodynamics. J. Pharm. Sci. 2004, 93,
2645-2668.

Favresse, J.; Douxfils, J. Evaluations of SARS-CoV-2 Serological Assay Performance Need Inclusion of Long-Term
Samples. J. Clin. Microbiol. 2021, 59.

Retrieved from https://encyclopedia.pub/entry/history/show/29063



