
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Clinica Chimica Acta 523 (2021) 201–204

Available online 29 September 2021
0009-8981/© 2021 Elsevier B.V. All rights reserved.

Antibody response induced by the boost overdose during COVID-19 
heterologous prime-boost vaccination strategy 

Francisco Raposo a,*, Giuseppe Lippi b 

a Instituto de la Grasa, Consejo Superior de Investigaciones Científicas (IG-CSIC), Campus Universitario Pablo de Olavide, Carretera de Utrera km 1, Edificio 46, 41013 
Seville, Spain 
b Section of Clinical Biochemistry University Hospital of Verona, Piazzale L.A. Scuro, 10, 37134 Verona, Italy   

A R T I C L E  I N F O   

Keywords: 
Antibody response monitoring 
Anti-SARS-CoV-2 RBD Ig G antibody 
BNT162b2 vaccine 
COVID-19 
SARS-CoV-2 
Vaccination 
Vaccine overdose 

A B S T R A C T   

Background: Measurement of anti-SARS-CoV-2 RBD Ig G antibody response is very important to define the dy-
namics of immunization in vaccine COVID-19 recipients. 
Materials and methods: Sera from four BNT162b2 vaccine recipients who erroneously received vaccine overdose 
were analyzed at different time-points. 
Results: At 6 days the serum increase of antibodies was analogous for the three SARS-CoV-2 naïve recipients. At 
14 days the antibody level increased and reached a peak, though showing a different pattern among the three 
recipients. At 21 days the serum antibody level started to decrease from its maximum value. The data for the 
previously infected recipient were in agreement with values found in COVID-19 positive receivers. Thus, the 
prime-dose of vaccine was enough to elicit a significant antibody response. 
Conclusions: In spite of the overdosage, this study confirms the efficiency of the BNT162b vaccine in eliciting a 
sustained antibody response as heterologous boost-vaccine in previously Oxford/AstraZeneca vaccinated re-
cipients, as well as, prime-vaccine in COVID-19 infected receivers. Importantly, the humoral immune response of 
recipients was not proportional to the vaccine overdose. Nonetheless, we cannot portray a univocal effect of 
vaccine overdose concerning anti-SARS-CoV-2 antibody response because the values found were highly 
heterogeneous.   

1. Introduction 

Due to the ongoing COVID-19 pandemic, vaccination continues to be 
critically important because it is regarded as safe and effective means to 
prevent disease and reduce virulence [1,2]. In order to boost the 
vaccination rate some different strategies have been proposed such as 
splitting the doses, delaying the second dose, heterologous vaccination 
and postponement of vaccination in seropositive recipients [3]. In 
addition, a practical problem with some types of vaccines is the multi- 
vial dose format and the need of preparation before administration, 
whereby its contribution to vaccine wastage (sum of vaccines discarded, 
damaged and lost) must be reduced. For vaccines that require two in-
jections, healthcare organizations have typically recommended the 
second shot to be the same as the former. Following safety issues, mostly 
related to cases of atypical venous thrombosis, some European countries 

have decided to stop the use of the adenovirus-based Oxford/AstraZe-
neca vaccine. Consequently, millions of people were unable to receive a 
second dose of such vaccine, remaining only partially vaccinated. To 
resolve this matter, mix-and-match vaccine studies have been planned 
aimed to investigate the safety and immune response in people receiving 
two different types of COVID-19 vaccine [4,5]. Some preliminary studies 
carried out in different countries suggest that combining different vac-
cines induces potent immune response [6–9], but some safety concerns 
still remain [10]. On the other hand, although millions of COVID-19 
vaccines have been administered around the world, in some cases vac-
cine overdoses have occurred, mostly due to human errors relating to the 
use of “multi-dose” vials [11]. These containers are useful in a pandemic 
situation because they allow a cheaper and more efficient distribution. 
However, multi-dose vaccines, mainly when the vaccine needs to be 
reconstituted before injection, are more prone to administration errors. 

Abbreviations: BAU, Binding antibody units; CMIA, chemiluminiscent microparticle immunoassay; Ig G, Immunoglobulin class G; NHP, Non-human primates; 
RBD, Receptor-binding domain; T6,14,21, Time-points; VORs, Vaccine overdose recipients. 

* Corresponding author. 
E-mail address: fraposo@ig.csic.es (F. Raposo).  

Contents lists available at ScienceDirect 

Clinica Chimica Acta 

journal homepage: www.elsevier.com/locate/cca 

https://doi.org/10.1016/j.cca.2021.09.022 
Received 24 September 2021; Received in revised form 27 September 2021; Accepted 27 September 2021   

mailto:fraposo@ig.csic.es
www.sciencedirect.com/science/journal/00098981
https://www.elsevier.com/locate/cca
https://doi.org/10.1016/j.cca.2021.09.022
https://doi.org/10.1016/j.cca.2021.09.022
https://doi.org/10.1016/j.cca.2021.09.022
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cca.2021.09.022&domain=pdf


Clinica Chimica Acta 523 (2021) 201–204

202

For example, the Pfizer/BioNTech BNT162b2 mRNA COVID-19 vaccine 
(ComiRNAty) has been designed to be given in two 30 µg doses, 21 days 
apart [12]. Specifically, each single vial of this vaccine contains multiple 
doses (between five and six, in general). The active component of the 
vaccine (0.45 mL) must be diluted using 0.9% sodium chloride (1.8 mL). 
As a consequence, dosing errors may be caused by omitting the 
mandatory dilution by healthcare operators, so that a concentrated 
(higher dosage) product could be mistakenly injected. 

Finally, one more controversial subject is the anti-SARS-CoV-2 
serological monitoring of COVID-19 vaccinated population [13]. 
Therefore, the main purpose of this study was to report the anti-SARS- 
CoV-2 receptor-binding domain (RBD) immunoglobulin class G (Ig G) 
antibody response in recipients of erroneous Pfizer/BioNTech vaccina-
tion schedule (overdosage). 

2. Material & methods 

2.1. Ethical statement 

All participants provided written informed consent to publish their 
analytical antibody values. The study complied with all the relevant 
national regulations, institutional policies and in accordance the tenets 
of the Helsinki Declaration regarding ethical conduct of research 
involving human subjects. 

2.2. Vaccine recipients 

This four-case study was based on two males and two females, aged 
between 42 and 53 years. All this four vaccine overdose recipients 
(VORs) received 0.3 mL of the undiluted multi-dose vial, that means a 
vaccine dose increased by 5-fold (150 µg). Three recipients (VOR-1, 2 
and 3) had no previous evidence of infection and received the first shot 
of Oxford/AstraZeneca vaccine 14.5 weeks before undergoing a second 
vaccination with Pfizer/BioNTech vaccine. The remaining subject (VOR- 
4) who had been previously infected by SARS-CoV-2 only received a 
single dose of Pfizer/BioNTech vaccine. Venous blood was taken at three 
different time points, i.e. 6 (T6), 14 (T14) and 21 days (T21) after the 
administration of the Pfizer/BioNTech vaccine. 

2.3. SARS-CoV-2 RBD Ig G antibody measurement 

Abbott SARS-CoV-2 Ig G Quant® assay was used in this report as 
methodology for the quantitative assessment of anti-SARS-CoV-2 Ig G 
antibodies using the Architect platform (Abbott Laboratories Abbott 
Park, IL, USA). This is an automated two-step chemiluminiscent 
microparticle immunoassay (CMIA) designed to detect specific Ig G 
antibodies to the RBD of S1 subunit of SARS-CoV-2 spike protein [14]. 
All samples were processed by in accordance with manufacturers’ in-
structions. Results of this assay are arbitrary expressed as AU/mL. 
Samples are considered positive when the value is ≥ 50 AU/mL. After 
the first international standard for anti-SARS-CoV-2 immunoglobulin 
has been released the results for anti-SARS-CoV-2 antibodies testing 
shall be expressed as binding antibody units per milliliter (i.e., BAU/mL) 
[15–17]. For the immunoassay used in this study, the conversion for 
reporting values in harmonized units was as follows: BAU/mL = AU/mL 

* 0.142 [14,18] 

3. Results 

3.1. Humoral response 

The results of the anti-SARS-CoV-2 RBD Ig G antibodies levels 
measured in the four VORs at the three time points are summarized in 
Table 1. Since the mean reason that prompted this study was the 
consequence of a human error, the serum basal values of anti-SARS-CoV- 
2 RBD Ig G antibodies before the administration of Pfizer/BioNTech 
vaccine are unavailable. Thus, the serum basal value (T0) was arbitrarily 
set at 57 BAU/mL, in accordance with values found in previous studies 
[6,19]. After Pfizer/BioNTech vaccine administration, a similar increase 
of serum anti-SARS-CoV-2 RBD Ig G antibodies levels was recorded at 
the first time point (T6), with an approximate increase in the T6/T0 ratio 
of around 12-fold. At this time the concentration value for the one shot 
vaccine recipient (VOR-4) was nearly double compared to prime-boost 
vaccine recipients (VOR-1, 2 and 3). During the following week after 
Pfizer/BioNTech vaccine administration (T14), the antibody level 
increased and reached a peak, but following a quite different pattern 
among the three VORs. At this time, the T14/T6 ratio values were 1.6, 
3.8, 9.5 and 4.0 for VOR-1,2,3 and 4, respectively, whilst the T14/T0 
ratio values were 22, 46 and 114 for VOR-1, 2 and 3, respectively. 
Finally, the antibody level decreased from the maximum values ach-
ieved during the third week after the Pfizer/BioNTech vaccine admin-
istration (T21). At the third time point, the T21/ T14 ratio values were on 
average of 0.78. Similarly, the T21/ T0 ratio values were 18, 34 and 89 
for VOR-1, 2 and 3, respectively. At this time point, the result for VOR-4 
was similar to the highest value obtained for VOR-3, and considerably 
higher that the values recorded in VOR-1 and VOR-2. For VOR-4, the 
data trend was in keeping to those previous found in positive COVID-19 
recipients in whom the single prime-dose of BNT162b2 vaccine induced 
an antibody response similar to a full prime-boost dose in naïve re-
cipients [20,21]. 

3.2. Side effects 

No major systemic side effects could be recorded after administration 
of vaccine overdose in VORs recipients. The most commonly reported 
systemic events were headache and general malaise. Also, in some cases, 
fever and tiredness were described. Additionally, mild/moderate pain at 
the injection site, lasting between 72 and 96 h, was the most frequently 
described local reaction in VORs after vaccine administration. 

4. Discussion 

Despite the limited number of subjects studied in the present report, 
their specific nature is an important novelty from the scientific 
perspective, that prompted us to describe these cases. Basically, the 
VORs ́ immugenicity found in our study was compared with experi-
mental values relating to COVID-19 vaccination studies available from 
the current scientific. It is important to highlight that antibody binding 
responses after immunization can be evaluated using different immu-
noassays with diverse readouts, which critically make difficulties 
regarding to the comparisons of datasets [17,18]. Firstly, Vogel and co- 
workers reported the preclinical development of two m-RNA based 
vaccine candidates (BNT162b1 versus BNT162b2) in non-human pri-
mates (NHP) as recipients [22]. They were intramuscularly injected with 
two different dose levels of vaccine (30 µg and 100 µg) at days 0 and 21. 
Compared to the 30 µg vaccine dose, the increase of anti-SARS-Cov-2 
RBD Ig G increment was only 10% for the 100 µg dose at the 
maximum concentration level (day 28), and ranged between 25 and 
33% throughout the 21–42 days’ period, thus confirming that a 3-fold 
higher vaccine dosage does not elicit a similar considerable increase of 
humoral immunity. Secondly, Borobia and co-workers evaluated 

Table 1 
Concentration of anti-SARS-CoV-2 RBD Ig G (BAU/mL) at different time points.  

Recipient number Time elapsed from Pfizer/BioNTech vaccine administration  

T6 = 6 days T14 = 14 days T21 = 21 days 

VOR-1 780 (39) 1250 (63) 1040 (52) 
VOR-2 690 (34) 2600 (132) 1930 (96) 
VOR-3 680 (34) 6500 (324) 5000 (253) 
VOR-4 1370 (68) 5500 (274) 4300 (214) 

(): standard deviation values 
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recipients only partially protected with a first dose of Oxford/AstraZe-
neca vaccine [6]. Humoral response showed a robust immune response 
in the form of anti-SARS-CoV-2 RBD Ig G regarding to the heterologous 
vaccination schedule. Unfortunately, the values cannot be compara-
tively evaluated because data obtained using Abbot-Quant® method-
ology, although expressed as BAU/mL, are in general lower than those 
reported by Roche-Elecsys® [18]. Lastly, even though published infor-
mation on immunogenicity after full-dose vaccine administration is still 
limited and occasional, some experimental results from the literature as 
regards to the immune response after the second dose of BNT162b2 
vaccine in a homologous schedule were evaluated [14, 18,23–27]. The 
required conditions for the comparative study of VORs data were 
identical methodology (Abbott-Quant®) and exact time point for blood 
sampling (±1 day). The values for specific antibodies concentration are 
summarized in Table 2. There are a few studies reporting the baseline 
value before receiving the second vaccine dose, which values ranged 
between 145 and 238 BAU/mL. At 14 and 21 days the values for naïve 
recipients ranged between 2121-2947 and 2188–2776 BAU/mL, 
respectively. At these time points the values can be considered as lower, 
similar and higher for VOR-1, 2 and 3, respectively. For VOR-4 the value 
at 21 days was also higher when compared to vaccine standard dose 
recipients. In addition, the kinetics in humoral response regarding to 
anti-SARS-CoV-2 RBD Ig G was different when compared to NHP re-
cipients. In the case of VORs, the maximum values were achieved during 
the second week instead of the first one after the Pfizer/BioNTech vac-
cine administration. 

5. Conclusions 

All the VORs included in this report developed a significant humoral 
immunity between 6 and 21 days after vaccination. In spite of the 
overdosage, this study hence confirms the double efficiency of the 
BNT162b2 mRNA COVID-19 vaccine concerning to generation of anti- 
SARS-CoV-2 RBD Ig G antibody response induced as heterologous 
boost-vaccine in previously Oxford/Astra-Zeneca vaccinated recipients. 
But it also provides evidence as prime-vaccine in COVID-19 infected 
receivers. The humoral immunity responses for VORs were very het-
erogeneous considering that a similar vaccine overdose has been injec-
ted. The common evidence is limited to the fact that all the VORs 
achieved the maximum level of anti-SARS-CoV-2 RBD Ig G values at the 
second week after vaccination, and then decreased. Despite this similar 
trend, significant differences in concentration levels among recipients of 
this study do not permit to report an unequivocal effect of vaccine 
overdose. This is due to all theoretically possible individual results for 
antibody responses such as attenuated, averaged and increased levels 
were stated. 
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S. Schille, C. Kröner, R. de la Caridad Güimil Garcia, T. Hiller, L. Fischer, R. 
S. Sellers, S. Choudhary, O. Gonzalez, F. Vascotto, M.R. Gutman, J.A. Fontenot, 
S. Hall-Ursone, K. Brasky, M.C. Griffor, S. Han, A.A.H. Su, J.A. Lees, N.L. Nedoma, 
E.H. Mashalidis, P.V. Sahasrabudhe, C.Y. Tan, D. Pavliakova, G. Singh, C. Fontes- 
Garfias, M. Pride, I.L. Scully, T. Ciolino, J. Obregon, M. Gazi, R. Carrion, K. 
J. Alfson, W.V. Kalina, D. Kaushal, P.-Y. Shi, T. Klamp, C. Rosenbaum, A.N. Kuhn, 
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