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Objective: To determine whether severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) antibody 

levels after the first dose of vaccine can predict the final antibody response, and whether this is depen- 

dent on the vaccine type. 

Methods: Sixty-nine recipients of BNT162b2 (Pfizer/BioNTech) and 55 recipients of AZD1222 (As- 

traZeneca), without previous infection or immunosuppressive medication, were included in this study. 

Antibody levels were quantified 3 weeks after the first dose [directly before boostering in the case of 

AZD1222 (11 weeks after the first dose)] and 3 weeks after the second dose using the Roche Elecsys 

SARS-CoV-2 S total antibody assay. 

Results: Median pre-booster {BNT162b2: 80.6 [interquartile range (IQR) 25.5–167.0] binding antibody 

units (BAU)/mL; AZD1222: 56.4 (IQR 36.4–104.8) BAU/mL; not significant} and post-booster [BNT162b2: 

2092.0 (IQR 1216.3–4431.8) BAU/mL; AZD1222: 957.0 (IQR 6 84.5–16 84.8) BAU/mL; P < 0.0 0 01] levels cor- 

related well in the recipients of BNT162b2 ( ρ= 0.53) but not in the recipients of AZD1222. Moreover, an- 

tibody levels after the first dose of BNT162b2 correlated inversely with age ( ρ= -0.33, P = 0.013), whereas 

a positive correlation with age was observed after the second dose in recipients of AZD1222 ( ρ= 0.26, 

P = 0.030). 

Conclusions: The results of this study suggest that antibody levels quantified by the Roche Elecsys 

SARS-CoV-2 S assay before the booster shot could infer post-booster responses to BNT162b2, but not to 

AZ1222. In addition, this study found a vaccine-dependent effect on antibody responses, where age seems 

to play an ambivalent role. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ackground 

Vaccines against severe acute respiratory syndrome 

oronavirus-2 (SARS-CoV-2) have been available for several 

onths ( Zaqout et al., 2021 ). Determination of spike-protein- 

pecific antibodies after SARS-CoV-2 vaccination, although not 

ecommended unrestrictedly ( Centers for Disease Control and 

revention, 2021 ), is commonly performed. The post-vaccination 

ntibody levels, even when measured with standardized com- 

ercially available CE-certified quantitative test systems, differ 
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ignificantly ( Kristiansen et al., 2021 ; Perkmann et al., 2021a ). 

urthermore, in addition to these analytically related differences, 

here are significant differences in expected levels depending on 

he age and serostatus of the vaccine recipients ( Krammer et al., 

021 ; Perkmann et al., 2021b ; Subbarao et al., 2021 ), the vaccine

sed ( Eyre et al., 2021 ), and the timing of blood collection (elapsed

ime interval since first or second dose). 

To date, the extent to which antibody levels after the first dose 

re suitable to infer the booster response are not clear. Similarly, 

t is unclear whether this response depends on the type of vaccine 

sed. Indeed, this would be likely because vector and mRNA vac- 

ines elicit different immune responses, with vector vaccines also 

ncluding a non-spike-specific response directed against the vector 

 Federico, 2021 ). 
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Figure 1. Study flow chart. COVID-19, coronavirus disease 2019. 
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This article reports differences in the predictability of SARS- 

oV-2 vaccine post-booster levels measured with a quantitative 

ntibody assay (Roche Elecsys SARS-CoV-2 S) dependent on the 

accine used. A differential impact of age on the antibody response 

o AZD1222 (AZD1222, Astra Zeneca) or BNT162b2 (BNT162b2, 

fizer/BioNTech) is also demonstrated. 

ethods 

Of 166 participants recruited within the MedUni Wien 

iobank’s healthy donors’ collection until 5 March 2021, 124 were 

ligible for inclusion. All subjects were aged > 18 years and pro- 

ided written informed consent to participate in the study. Rea- 

ons for exclusion were previous infection with SARS-CoV-2 and 

ngoing immunosuppressive medication, as these conditions are 

nown to bias the average vaccination response. In addition, there 

ere dropouts due to missed blood sampling and the onset of 

oronavirus disease 2019 between the first and second doses (see 

igure 1 ). The prime-boost regimen specified an 11-week dosing 

nterval for AZD1222 and a 3-week dosing interval for BNT162b2. 

he protocol of this performance evaluation study was reviewed 

nd approved by the Ethics Committee of the Medical University 

f Vienna (EK 10 6 6/2021). 

Samples were processed and, if applicable, stored before anal- 

sis at < -70 °C according to standard operating procedures by 

he MedUni Wien Biobank in an ISO 9001:2015-certified envi- 

onment ( Haslacher et al., 2018 ). Previous SARS-CoV-2 infection 

as ruled out or confirmed by the Roche Elecsys SARS-CoV-2 

nti-nucleocapsid total antibody electrochemiluminescence assay 

ECLIA), and assumed in all participants with SARS-CoV-2 infec- 
310 
ion proved using a polymerase chain reaction assay. Vaccine- 

nduced anti-spike antibodies were quantified using the Roche 

lecsys SARS-CoV-2 S total antibody ECLIA on Roche cobas e801 

odular analysers. All analyses were performed at the Department 

f Laboratory Medicine, Medical University of Vienna, which op- 

rates a certified (ISO 9001:2015) and accredited (ISO 15189:2012) 

uality management system. Performance data of both tests have 

een published previously ( Perkmann et al., 2020 , 2021a ). 

Continuous data, given as median [interquartile range (IQR)], 

ere compared by rank sign tests (Mann–Whitney U -test, 

ilcoxon test). Categorical data, presented as counts and percent- 

ges, were compared by χ ²-tests. Rank correlations were com- 

uted according to Pearson and presented by Pearson’s ρ . P < 0.05 

as considered to indicate statistical significance. All calculations 

ere performed using MedCalc 19.7 (MedCalc, Ostend, Belgium), 

nd figures were drawn using Mindjet Manager 19 (Corel, Ottawa, 

anada) and Prism 9 (GraphPad, La Jolla, CA, USA). 

esults 

re-booster antibody levels predict post-booster levels of BNT162b2 

ut not AZD1222 

The 69 recipients of AZD1222 did not differ significantly from 

he 55 recipients of BNT162b2 in terms of age [median 42 (IQR 

9–50) years vs. 42 (IQR 30–53.5) years, respectively; P = 0.387]. 

owever, the proportion of females was higher among the recip- 

ents of AZD1222 [57/69 (83%) vs. 31/55 (56%); χ ²= 10.1, P = 0.001]. 

edian pre-booster levels (11 weeks and 3 weeks after the 

rst dose, respectively) were 56.4 (IQR 36.4–104.8) binding an- 

ibody units (BAU)/mL for AZD1222 and 80.6 (IQR 25.5–167.0) 

AU/mL for BNT162b2 ( P = 0.513). Twenty-one (IQR 21–22) days af- 

er the booster shot, median antibody levels increased to 957.0 

IQR 6 84.5–16 84.8) BAU/mL in recipients of AZD1222 and 2092.0 

IQR 1216.3–4431.8) BAU/mL in recipients of BNT162b2 ( P < 0.0 0 01). 

ntibody levels did not differ significantly between males and 

emales at any of the assessed time points (all P > 0.05, see 

igure 2B ). 

Correlation of SARS-CoV-2 antibody levels before the booster 

hot and the antibody response assessed 21 (IQR 21–22) days after 

he booster was calculated. The correlation was significant for re- 

ipients of BNT162b2 ( ρ= 0.53, P < 0.0 0 01), but not for recipients of

ZD1222 ( ρ= 0.10, P = 0.393) ( Figure 2A ). These findings were not

ltered after controlling for sex in non-parametric partial correla- 

ions ( ρpartial = 0.53, ρpartial = 0.15), as this variable was differently 

istributed between recipients of BNT162b2 and AZD1222. 

ntibody levels increase steadily between 3 and 12 weeks after 

ZD1222 

In the next step, changes in SARS-CoV-2 antibody levels be- 

ween 3 and 11 weeks after the first dose of AZD1222 were as- 

essed. Levels were significantly higher before the booster shot 

11 weeks) compared with 3 weeks after the first dose [median 

6.4 (IQR 36.4–104.8) BAU/mL vs. 13.4 (IQR 5.2–27.8) BAU/mL; 

 < 0.0 0 01; Figure 3A ]. Levels at both time points correlated at

= 0.45 ( Figure 3B ). Regarding the pre-booster levels, the levels as- 

essed 3 weeks after the first dose of AZD1222 did not correlate 

ignificantly with antibody responses to the booster shot ( ρ= 0.20, 

 = 0.101). Again, controlling for sex did not significantly affect cor- 

elation coefficients ( ρpartial = 0.46, ρpartial = 0.20) 
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Figure 2. (A) Correlation (according to Spearman) between pre- and post-booster antibody levels (Roche Elecsys S total antibody electrochemiluminescence assay) in recipi- 

ents of AZD1222 (left) and BNT162b2 (right). (B) Medians and interquartile ranges of antibody levels according to sex. BAU, binding antibody units. 

Figure 3. (A) Intra-individual progression (A) and correlation (B) of antibody levels (Roche Elecsys S total antibody electrochemiluminescence assay) after AZD1222, measured 

3 weeks after the first dose and before the booster dose (11 weeks). BAU, binding antibody units. 

311 
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Figure 4. Correlation (according to Spearman) between antibody levels (Roche Elecsys S total antibody electrochemiluminescence assay) and age for AZD1222 (left column) 

and BNT162b2 (right column) at different points in time. Crosses indicate 3 weeks after first dose of AZD1222, filled triangles indicate pre-booster, open circles indicate 

post-booster. BAU, binding antibody units. 
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ZD1222 and BNT162b2 behave in opposite ways regarding the 

orrelation of age and antibody response 

Finally, this study investigated if the age of the participants af- 

ected the antibody responses to the two vaccines. For AZD1222, 

ge did not correlate with the antibody levels measured 3 weeks 

fter the first dose ( ρ= -0.06, P = 0.637) or just before the second

ose ( ρ= -0.01, P = 0.909). However, there was a weak positive as- 

ociation between age and the antibody response to the second 

ose of AZD1222 ( ρ= 0.26, P = 0.030). In contrast, antibody levels 

ssessed 3 weeks after the first dose of BNT162b2 correlated in- 

ersely with age ( ρ= -0.33, P = 0.013); however, this correlation was 

itigated after the second dose ( ρ= -0.23, P = 0.093; Figure 4 ). As

or the other reported associations, controlling for sex did not 

ignificantly affect correlation coefficients ( ρpartial = -0.06, ρpartial = - 

.02, ρpartial = 0.27, ρpartial = -0.33, ρpartial = -0.23) 

iscussion 

The relationship between the detection of SARS-CoV-2-specific 

ntibodies and immunity is becoming increasingly well estab- 

ished based on evidence from numerous studies ( Hall et al., 2021 ; 

umley et al., 2021 ). Thus, identifying neutralizing antibodies to 

ARS-CoV-2 as a surrogate marker for established immunity is 

nder discussion ( Feng et al., 2021 ). In this sense, the associa- 

ion with neutralization assays has been investigated previously 

or several SARS-CoV-2 antibody-binding assays ( Bal et al. 2021 ; 

erkmann et al., 2021c ). It has also been shown for the Roche S as-

ay that antibody levels > 15 BAU/mL are strongly correlated with 
312 
he presence of neutralizing antibodies (see Product Manual V2.0). 

owever, the interpretation of antibody levels after vaccination is 

imited due to the many variables involved. For example, whether 

nitially weak antibody responses also lead to lower levels after 

he booster, and whether this varies with different vaccines has 

een unclear to date. Additional data are needed to inform dif- 

erent health policies and clinical decisions ( European Centre for 

isease Prevention and Control, 2021 ). 

These data strongly emphasize that the antibody response to 

he first dose of the mRNA vaccine BNT162b2 can predict the final 

ost-booster antibody levels. However, this relationship was not 

hown for the vector vaccine AZD1222. To the best of the authors’ 

nowledge, this finding has not been reported previously, and may 

e explained by the specific immune response to vector vaccines. 

n contrast to mRNA-based preparations, vector vaccines also in- 

uce an immune response directed against the viral vector, which 

n the case of AZD1222 is the chimpanzee adenovirus ChAdOx1 

 Kaur and Gupta, 2020 ). De-novo anti-vector immunity could af- 

ect spike-protein induction and, therefore, strongly influence the 

ssociation between pre- and post-booster values. Whether this 

emonstrated difference between the BNT162b and AZD1222 vac- 

ines is transferable to other mRNA and vector vaccines remains to 

e investigated by further studies. 

In addition, significant associations were found between anti- 

ody levels and age. With AZD1222, neither of the two pre-booster 

amples (3 weeks and 11 weeks after the first dose) correlated 

ith age. However, after the booster shot, a significant positive as- 

ociation ( ρ= 0.26, P = 0.013) was found, indicating that older age 

as associated with slightly higher antibody levels. A possible ex- 
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lanation might be reduced anti-vector immunity in older individ- 

als ( Dorrington and Bowdish, 2013 ; Connors et al., 2021 ); how- 

ver, this correlation was, although significant, comparably weak 

nd must therefore be interpreted with caution. Although sug- 

ested by the literature ( Lustig et al., 2021 ), sex-dependent differ- 

nces could not be identified, which may be the result of a po- 

entially small effect size or may be due to the limited number of 

ale recipients of AZD1222. 

For BNT162b2, in contrast, an inverse correlation was found 

etween antibody levels and age after the first dose ( ρ= -0.33, 

 = 0.013). However, this association nearly vanished after the sec- 

nd dose, and lost statistical significance ( ρ= -0.23, P = 0.093). 

hese findings align with recent articles which found a gap in 

ntibody levels of younger and older individuals after the first 

ose of BNT162b2 ( Abu Jabal et al., 2021 ; Müller et al., 2021 ;

iana et al., 2021 ). A recently published prospective study by 

ustig et al. (2021) confirmed that older adults yield lower anti- 

ody levels after the first dose of BNT162b2, with the age groups 

onverging after the second dose. 

In conclusion, these data suggest that antibody levels quanti- 

ed by the Roche Elecsys SARS-CoV-2 S assay before the booster 

hot could infer post-booster responses to BNT162b2, but not to 

ZD1222. In addition, a vaccine-dependent effect on antibody re- 

ponses was found, suggesting a possible link between vaccine re- 

ponse and vector immunity. 
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