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Abstract

:

There is an ongoing effort to report data on SARS-CoV-2 antibodies in different individuals. Ninety-seven healthcare workers were enrolled in this study (Pfizer’s BNT162b2, n = 52; and AstraZeneca’s ChAdOx1-S, n = 45) and S1RBD-specific IgG antibodies were analyzed over time. Both vaccines induced S1RBD-specific antibodies after the second dose. A significant increase in S1RBD-specific IgG median levels 3 weeks following the second dose was detected (BNT162b2, 118.0 BAU/mL to 2018.0 BAU/mL; ChAdOx1-S, 38.1 BAU/mL to 182.1 BAU/mL). At 3 months post the second dose, a significant decrease in S1RBD-specific IgG median levels was also evident (BNT162b2, 415.6 BAU/mL, ChAdOx1-S, 84.7 BAU/mL). The elimination rate of these antibodies was faster in BNT162b2- rather than ChAdOx1-S- vaccinated individuals. A booster dose induced a significant increase in the S1RBD-specific IgG median levels (BNT162b2, 1823.0 BAU/mL; ChAdOx1-S, 656.8 BAU/mL). This study is the first of its kind to characterize S1RBD-specific IgG antibody responses in vaccinated healthcare workers in Cyprus. While the positivity for S1RBD-specific antibodies was maintained 3 months after the second vaccine dose, the level of these antibodies waned over the same period, indicating the importance of a booster vaccination. The results herein could complement the public health policies regarding the immunization schedule for COVID-19.
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1. Introduction


Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent for Coronavirus disease 2019 (COVID-19), has claimed over 6 million lives globally (April 2022) [1].



The unprecedented global effort to develop vaccines against SARS-CoV-2 has led to the emergency approval of various vaccines around the world [2]. As of March 2022, a total of more than 11 billion vaccine doses have been administered worldwide [1]. Irrespective of the technology utilized, all of the approved COVID-19 vaccines, including the leading SARS-CoV-2 vaccines Pfizer-BioNTech’s BNT162b2 (Comirnaty) and AstraZeneca’s ChAdOx1-S nCoV-19/AZD1222 (Vaxzevria), aim to induce neutralizing antibodies against the spike (S) glycoprotein of SARS-CoV-2 [2]. As shown in a number of studies these neutralizing antibodies are considered to be a reliable biomarker for the correlate of protection against SARS-CoV-2 infection [3,4,5,6,7]. The importance of vaccination is further highlighted in a recent study indicating that approximately 470,000 lives have been saved among those aged 60 years and over since the start of the COVID-19 vaccination roll-out in 33 countries across the WHO European Region [8].



Evaluating SARS-CoV-2-specific antibody responses following COVID-19 vaccination is of primary importance, since it allows to establish the magnitude and persistence of humoral immunity over time. COVID-19 vaccination in Cyprus began on 28 December 2020. Amongst the first to be vaccinated were healthcare workers that are at increased risk of being infected with SARS-CoV-2 [9]. Obtaining information related to the kinetics of SARS-CoV-2 -specific antibodies following vaccination is important to develop strategies to maximize the impact of the approved vaccines among healthcare workers. To the best of our knowledge, the study herein is the first to analyze the persistence of antibodies in healthcare workers in the Republic of Cyprus following vaccination with Pfizer-BioNTech’s BNT162b2 and AstraZeneca’s ChAdOx1-S nCoV-19.




2. Materials and Methods


2.1. Ethical Approval and Subject Recruitment


This study was approved by the Cyprus National Bioethics Committee (ΕΕΒΚ/ΕΠ/2020/23). The study inclusion criteria were >18 years of age, and who had tested negative for SARS-CoV-2 infection prior to each administered vaccine dose. Study participants were from the staff (doctors, nurses, and researchers) of the Cyprus Institute of Neurology and Genetics (CING). Upon enrolment, all participants provided information related to previous history of COVID-19, i.e., either RT-PCR or rapid antigen test results for SARS-CoV-2 detection, as well as the type of vaccination. Note that any volunteer’s positive history of SARS-CoV-2 infection at any point during the study was reason for exclusion from analysis. All participants completed and signed an informed consent form.




2.2. Study Population and Sample Collection


A total of 52 BNT162b2 -vaccinated participants (PfVac) and 45 ChAdOx1-S -vaccinated participants (AzVac) signed up for the study. Blood samples were collected at the following time points: T1; just before the second vaccination dose, i.e., 3 weeks after the first BNT162b2 vaccination dose and 12 weeks after the first ChAdOx1-S vaccination dose, T2; three weeks after the second vaccination dose for both types of vaccine, T3; 3 months after the second vaccination dose for both types, and finally T4, three months after the third vaccination dose (booster dose) for both types. Participants were recruited as soon as vaccination campaigns started, i.e., February 2021 for BNT162b2 and April 2021 for ChAdOx1-S. Note that 21 PfVac participants gave a sample at T4 and were vaccinated with BNT162b2 as a booster dose, 5 AzVac participants gave a sample at T4 with the mRNA-1273 (Moderna’s Spikevax COVID-19 vaccine) as their booster dose, and 20 AzVac participants gave a sample at T4 with the ChAdOx1-S as their booster dose. The characteristics for all participants are summarized in Table 1.



Blood samples were collected in tubes containing clotting activators at the COVID-19 sampling unit of the CING. Following blood collection, samples were centrifuged for 10 min at 500× g at 20 °C to obtain cell-free serum. Serum was stored at −20 °C until analysis.




2.3. Sample Processing and Analysis


Serum obtained from the two groups of the study was used to quantify the level of Anti-S1RBD IgG antibodies. The quantification was performed using the ABBOTT SARS-CoV-2 IgG II Quant assay (REF# 6S60-22) on an ABBOTT ARCHITECT i1000SR instrument. The assay is an automated, two-step chemiluminescent microparticle immunoassay used for qualitative and quantitative determination of IgG antibodies against the Spike1 receptor-binding domain (S1RBD) of the SARS-CoV-2 from human serum and plasma. The SARS-CoV-2 IgG II Quant calibrator package (REF# 6S60-02) and the SARS-CoV-2 IgG II Quant control package (REF# 6S60-12) were run on the instrument prior to sample analysis. According to the manufacturer, the cut-off is set at 50.0 AU/mL, and the analytical measuring interval is set between 21.0 (limit of quantification) and 40,000.0 AU/mL (upper limit of quantification). Additional information on performance characteristics of the assay can be found in the manufacturer’s manual. Based on the recommendations of the National Institute of Biological Standards and Control (NIBSC) and WHO, the concentrations were converted into Binding antibody units per mL (BAU/mL) through multiplying AU/mL by a factor of 0.142. The corresponding cut-off value becomes 7.1 BAU/mL.



The rate of change (RC) between 3 weeks from the second dose (T2) and 3 months from the second dose (T3) was calculated as the ratio between the difference in antibody levels at the time intervals over the length of the time interval (T3 − T2 = 71 days). The percentage change per month (%change/mo) and per year (%change/yr) were also calculated to facilitate comparison with other studies. Note that a decrease in RC or %change is presented as a negative number.




2.4. Statistical Analysis


The Wilcoxon signed-rank test was employed to evaluate the significance in the change between each consecutive sampling from the participants. The Mann-Whitney U test was used to evaluate significance in RC between the different vaccine regimens. The GraphPad Prism v8.00 for Windows software program was used to perform the statistical analyses (GraphPad Software, La Jolla, CA, USA).





3. Results


3.1. Kinetic Change in Anti-S1RBD IgG Antibodies during the Initial Vaccination Regimen with BNT162b2 and ChAdOx1-S


Overall, both vaccines were efficient at inducing S1RBD-specific antibodies following the initial dose in the majority of vaccinated individuals. In detail, 3 weeks after the initial vaccination (T1) 94.2% in the PfVac group and 97.8% in the AzVac group had detectable antibodies against S1RBD of SARS-CoV-2. Following the second dose both vaccines were 100% effective at inducing S1RBD-specific antibodies.



Quantification of antibodies against the S1RBD of SARS-CoV-2 revealed that in the PfVac group, anti-S1RBD IgG antibodies were measured at a median (interquartile range) of 118.0 BAU/mL (50.3 to 190.3) 3 weeks after the initial vaccination (T1). The concentration of S1RBD-specific antibodies significantly increased after the second vaccination dose (T2), to 2018.0 BAU/mL (1496.0 to 2999.0) (p < 0.0001). At 3 months after the second dose (T3), the concentration was significantly reduced to 415.6 BAU/mL (244.9 to 686.5) (p < 0.0001) while still retaining positivity in all volunteers (Figure 1).



Similarly, in the AzVac group, anti-S1RBD IgG antibodies were measured at a median (interquartile range) of 38.1 BAU/mL (25.2 to 57.2) following 12 weeks after the initial vaccination dose (T1). The concentration significantly increased at T2 to 182.1 BAU/mL (93.1 to 370.3) (p < 0.0001). At T3, the concentration had significantly dropped to 84.7 BAU/mL (43.7 to 170.4) (p < 0.0001) while still retaining positivity in all volunteers (Figure 2).




3.2. The Rate of Anti-S1RBD IgG Antibody Clearance between 3 Weeks and 3 Months Post Second Vaccination Dose


The rate of change was used to evaluate how quickly S1RBD IgG antibodies decreased after the second dose. The RC is thus calculated as the decrease in the level of antibody per day (BAU/mL · day). The median RC between 3 weeks (T2) and 3 months (T3) from the second dose was significantly higher in the PfVac group (−21.9 BAU/mL · day [−29.4 to −16.8]) than in the AzVac group (−1.2 BAU/mL · day [−2.4 to −0.5]) (p < 0.0001) (Table 2).




3.3. Kinetic Change in Anti-S1RBD IgG Antibodies following Booster Doses with Various Vaccine Types


Around half of the participants from each group agreed to return for a fourth time, i.e., three months after the booster dose (T4). Therefore, the kinetics analysis that includes T4 was performed separately, resulting in three separate groups: PfVac with BNT162b2 (PfVac-Pf) (n = 21), AzVac with ChAdOx1-S (AzVac-Az) (n = 20), and AzVac with mRNA-1273 (AzVac-Md) (n = 5).



Anti-S1RBD IgG antibodies significantly increased from 489.3 BAU/mL (297.3 to 761.8) at T3 to 1823.0 BAU/mL (1055.0 to 3952.0) at T4 (p < 0.0001) in the PfVac-Pf group (Figure 3A). Similarly, antibody levels significantly increased from 65.8 BAU/mL (39.3 to 183.2) at T3 to 656.8 BAU/mL (407.6 to 1298.0) at T4 (p < 0.0001) in the AzVac-Az group (Figure 3B). Antibody levels increased from 92.4 BAU/mL (45.8 to 133.6) at T3 to 819.5 BAU/mL (611.8 to 1127.0) at T4 (p = 0.6) in the AzVac-Md group (Figure 3C). Additionally, the median antibody level of anti-S1RBD IgG at T4 was significantly higher in the PfVac-Pf group compared to either the AzVac-Az or AzVac-Md groups (p = 0.0002).





4. Discussion


The CING is the national leading institute in the Republic of Cyprus dealing with all autoimmune, genetic, and neurological diseases, and thus welcoming hundreds of immunocompromised patients on a daily basis. Therefore, vaccination of its staff was of high priority considering healthcare professionals worldwide were among the first to be given the option of vaccination. As a result, the present study was conducted in order to measure the persistence and kinetics of anti-S1RBD IgG antibodies in the different individuals working at CING.



Regardless of vaccine type, all participants presented with positive levels of antibodies 3 weeks after the second vaccination dose, which remained positive 3 months after the second vaccine. These results agree with other studies showing that antibody levels can indeed last for months following vaccination [10,11,12,13,14]. Additionally, our findings are in line with other similar international studies, highlighting the decline of S1RBD-specific antibodies over time [10,11,12,13,14,15]. Nevertheless, the immunogenic capacity of the antibodies present needs to be investigated further in order to determine their effectiveness in case of an infection with any of the emerging SARS-CoV-2 variants of concern.



The decrease in anti-S1RBD IgG levels was expected, based on not only the current working knowledge in vaccinology [16,17], but also specifically, on recent SARS-CoV-2-centered studies [14,15,18,19,20]. More importantly, it is worth noting that, in these latter studies as well as the current study, the observed rate of antibody clearance is significantly higher than that from other established vaccines, such as the MMR vaccine [16,17]. Our results show a 403% and 270% annual decrease in antibody levels from BNT162b2 and ChAdOx1-S vaccination types respectively as opposed to a 5–10% annual decrease for the MMR vaccine [16,17]. It is possible that the rapid decrease in antibodies through time as compared to other established vaccines, especially comparable ones that do not contain adjuvants, may be attributed to the nature of the vaccine itself, i.e., a relatively new technology that uses RNA encoding a specific epitope from the whole virus. This is not to say, of course, that the vaccine is not effective in its current form, but rather does not present a long-term solution to the pandemic. We need to take into consideration the urgency with which the vaccine was created and produced which offered fast-tracked approval by the relevant authorities and immediate global distribution.



Calculating the rate of change in antibody levels after the second vaccination dose allowed for a normalized comparison between the different vaccine regimens. Our results suggest that the overall elimination rate of IgG antibodies is faster in PfVac participants than in AzVac participants. On the other hand, another study performed in Greece, suggested the opposite, i.e., the elimination rate of IgG antibodies was found to be faster in participants vaccinated with ChAdOx1-S than in those vaccinated with BNT162b2 [14]. More specifically, our results showed the RC ratio of BNT162b2 to ChAdOx1-S at 17.9:1 as compared to 1:2.6 in the other study [14]. Independent data around ChAdOx1-S and its comparison with other SARS-CoV-2 vaccines are scarce. Therefore, differing comparative studies are essential in understanding the heterogeneity of the immune response across individuals as well as across different vaccination regimens.



Due to this waning humoral immunity observed worldwide as well as the possible reduced efficacy against emerging variants of concern, health authorities have recommended a booster dose to be administered 6 months after the initial vaccination series, regardless of SARS-CoV-2 infection status [21]. Consequently, participants were asked to provide one further sample 3 months after the booster dose. Our results show a marked increase in antibody levels regardless of the booster type administered, as similarly observed in other studies [12,22,23]. Several studies have shown that the relative effectiveness of having a booster dose regardless of the primary vaccination regimen continues to outweigh the risks of having severe symptoms upon infection [21,22,24]. It is vital for us to continue studying the kinetics of the antibodies produced across time, as well as the antibody effectiveness against other SARS-CoV-2 variants. Such studies would allow for further understanding of immune response kinetics, ultimately allowing for quicker global responses against future emerging variants. In our case, direct comparison at 3 months after the booster dose between the different groups showed significantly higher antibody levels in the PfVac-Pf group than in the AzVac-Pf and AzVac-Md groups combined. Our observation appears to contradict other studies that favor heterologous vaccination regimens, i.e., ChAdOx1-S/BNT162b2 or ChAdOx1-S/mRNA-1273, as opposed to homologous vaccination regimens, i.e., BNT162b2/BNT162b2 [25,26]. Therefore, we approach this comparison with caution, taking into consideration that several limitations and/or variables may have contributed to such outcomes. Examples of the limitations/variables include, but are not limited to, the small number of samples collected at the last time point, the time differences between the initial vaccination regimens, and the variability in the rates of antibody clearance between the vaccination regimens, as well as between individuals themselves.



One limitation of the study as a whole is the limited sample size, which may affect studying confounding variables that affect individual immune systems, such as autoimmune disorders and/or different comorbidities. Due to the nature of the study, we were confined to a certain age range corresponding to the institute’s health professionals, as well as the type of vaccinations studied, since BNT162b2 and ChAdOx1-S are the most widely administered types in the Republic of Cyprus. Additionally, the participant dropout after the booster dose necessitated the creation of further subgroups, which means that such results should be approached with caution and not be considered as wholly representative of the general population. Future studies can incorporate data about SARS-CoV-2 infections after the booster doses, thus allowing for a deeper insight into the effectiveness of the vaccines/booster as well as the duration of protection. It is of equal importance for similar studies to be conducted examining the immunogenicity of other SARS-CoV-2 vaccines being administered worldwide and compare their efficacy against each other.




5. Conclusions


The current study followed the persistence of antibodies in healthcare workers in the Republic of Cyprus following vaccination with BNT162b2 and ChAdOx1-S as well as after the booster dose. We were able to show that there is a relatively rapid decrease in S1RBD IgG antibodies following the second vaccination dose from either vaccine type, which was then circumvented by the booster dose allowing for a significantly higher antibody level even after 3 months from the booster as compared to 3 months from the second dose of either vaccine type. Our results may aid the global effort in understanding antibody kinetics across different individuals and across different vaccination regimens. This may also help in better informing public health policies regarding the timing of booster vaccine administration, effectiveness of antibodies produced, as well as considerations towards new emerging variants of concern.
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Figure 1. (A) Correlation graph representing the change in anti-S1RBD IgG antibody concentrations in BNT162b2 -vaccinated participants (PfVac) across three time points; 3 weeks after the first vaccination dose (T1), 3 weeks after the second dose (T2), and 3 months after the second dose (T3). (B) corresponding distribution graph with bars representing median and interquartile range. **** p < 0.0001. 
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Figure 2. (A) Correlation graph representing the change in anti-S1RBD IgG antibody concentrations in ChAdOx1-S -vaccinated participants (AzVac) across three time points; 12 weeks after the first vaccination dose (T1), 3 weeks after the second dose (T2), and 3 months after the second dose (T3). (B) corresponding distribution graph with bars representing median and interquartile range. **** p < 0.0001. 






Figure 2. (A) Correlation graph representing the change in anti-S1RBD IgG antibody concentrations in ChAdOx1-S -vaccinated participants (AzVac) across three time points; 12 weeks after the first vaccination dose (T1), 3 weeks after the second dose (T2), and 3 months after the second dose (T3). (B) corresponding distribution graph with bars representing median and interquartile range. **** p < 0.0001.
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Figure 3. (A) Correlation graph representing the change in anti-S1RBD IgG antibody concentrations in participants vaccinated with three doses of BNT162b2 (PfVac-Pf) across four time points; 3 weeks after the first vaccination dose (T1), 3 weeks after the second dose (T2), 3 months after the second dose (T3), and 3 months after the booster dose. (B) Correlation graph representing the change in anti-S1RBD IgG antibody concentrations in participants vaccinated with three doses of ChAdOx1-S (AzVac-Az) across four time points; 12 weeks after the first vaccination dose (T1), 3 weeks after the second dose (T2), 3 months after the second dose (T3), and 3 months after the booster dose. (C) Correlation graph representing the change in anti-S1RBD IgG antibody concentrations in participants vaccinated with two doses of ChAdOx1-S and one dose of mRNA-1273 (AzVac-Md) across four time points; 12 weeks after the first vaccination dose (T1), 3 weeks after the second dose (T2), 3 months after the second dose (T3), and 3 months after the booster dose. **** p < 0.0001. 
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Table 1. Characteristics of study participants.






Table 1. Characteristics of study participants.





	Participants Vaccinated with
	Total Number of Participants (n)
	Age (Mean ± SD)
	Sex (Male/Female)





	BNT162b2 (PfVac)
	52
	46.7 ± 12.9
	21/31



	ChAdOx1-S (AzVac)
	45
	40.1 ± 11.4
	16/29
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Table 2. Rate of change (RC) and percentage change per month (%change/mo) and percentage change per year (%change/yr) of anti-S1RBD IgG antibodies between 3 weeks after the second dose and 3 months after the second dose in participants vaccinated with BNT162b2 and ChAdOx1-S.






Table 2. Rate of change (RC) and percentage change per month (%change/mo) and percentage change per year (%change/yr) of anti-S1RBD IgG antibodies between 3 weeks after the second dose and 3 months after the second dose in participants vaccinated with BNT162b2 and ChAdOx1-S.





	
Participants Vaccinated with

	
Median RC

(Interquartile Range)

	
Median %Change/mo

(Interquartile Range)

	
Median %Change/yr

(Interquartile Range)






	
BNT162b2

(PfVac)

	
−21.9 BAU/mL · day

(−29.4 to −16.8)

	
−33.6%

(−34.7 to −31.7)

	
−403.5%

(−416.5 to −380.1)




	
ChAdOx1-S

(AzVac)

	
−1.2 BAU/mL · day

(−2.4 to −0.5)

	
−22.5%

(−26.5 to −14.8)

	
−270.0%

(−318 to −177.4)




	
p value

	
p < 0.0001
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