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To date there has been limited head-to-head evaluation of immune responses to different types of COVID-19 vaccines. A real-world population-based longitudinal study was designed with the aim to define the magnitude and duration of immunity induced by each of four different COVID-19 vaccines available in Italy at the time of this study. Overall, 2497 individuals were enrolled at time of their first vaccination (T0). Vaccine-specific antibody responses induced over time by Comirnaty, Spikevax, Vaxzevria, Janssen Ad26.COV2.S and heterologous vaccination were compared up to six months after immunization. On a subset of Comirnaty vaccinees, serology data were correlated with the ability to neutralize a reference SARS-CoV-2 B strain, as well as Delta AY.4 and Omicron BA.1. The frequency of SARS-CoV-2-specific CD4+ T cells, CD8+ T cells, and memory B cells induced by the four different vaccines was assessed six months after the immunization. We found that mRNA vaccines are stronger inducer of anti-Spike IgG and B-memory cell responses. Humoral immune responses are lower in frail elderly subjects. Neutralization of the Delta AY.4 and Omicron BA.1 variants is severely impaired, especially in older individuals. Most vaccinees display a vaccine-specific T-cell memory six months after the vaccination. By describing the immunological response during the first phase of COVID-19 vaccination campaign in different cohorts and considering several aspects of the immunological response, this study allowed to collect key information that could facilitate the implementation of effective prevention and control measures against SARS-CoV-2.
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Introduction

The response to the SARS-CoV-2 pandemic relied on the development, testing, and deployments of COVID-19 vaccines. In Italy, the vaccination campaign started from late December 2020. Two different mRNA vaccines, Pfizer BioNTech BNT162b1 (Comirnaty) and Moderna mRNA-1273 (Spikevax), and two adenoviral vector-based vaccines, AstraZeneca ChAdOx1-S (Vaxzevria) and Janssen Ad26.COV2.S have been licensed for their use (reviewed in (1)). Reports on vaccine efficacy in preventing disease are available (2–5).

Old and frail individuals have been identified with the highest risk of negative health outcomes after SARS-CoV-2 infection. An association between poor prognostic outcomes and advancing age has been established (6–9). A meta-analysis of studies on the effect of age difference on vaccine safety and efficacy concluded that immunogenicity of COVID-19 vaccines is lower in older adults (10). Remarkably, it has been shown that after the administration of COVID-19 vaccine older individuals have lower antibody response than younger subjects (11) and that vaccine-induced immune response is strongly increased by a third booster dose (12, 13).

Available data suggest that coordinated functions of different branches of the innate and adaptive immunity provide multiple mechanisms of protection against COVID-19. Although the levels of neutralizing antibodies have been suggested to correlate with protection against infection (14, 15) both T and B cell memory response contribute to protective immunity (16, 17).

Monitoring of the COVID-19 immunization campaigns represents a unique opportunity to collect and analyse immune responses in a longitudinal real-world study. The present study was designed with the main aim of establishing the magnitude and duration of immunity induced by each of the four different vaccines available in Italy at the time of the study. To this end, healthy adults aged less than 65 years of age and frail elderly aged over 65 years of age were enrolled. Vaccine-specific antibody responses induced over time were compared up to six months after the first vaccine dose. On a subset of Comirnaty vaccinees, serology data were correlated with the ability to neutralize an ancestral SARS-CoV-2 strain, as well as Delta and Omicron sub-lineages. To complete the evaluation of the response of the adaptive immune system to vaccination, the frequency of SARS-CoV-2-specific CD4+ T cells, CD8+ T cells, and memory B cells induced by the four different vaccines was assessed six months after the first vaccine dose. Hereby, we report the results obtained during the first part of the monitoring study concerning immune responses up to six months after the primary two-dose vaccination schedule.



Methods


Study design

A multicentre longitudinal cohort study was designed to monitor immune responses in individuals vaccinated with the COVID-19 vaccines that have been in use in Italy: Comirnaty (Pfizer); Spikevax (Moderna); Vaxzevria (Astra Zeneca); Ad26.COV2-S (Janssen).

Two cohorts, adults ≤ 65 years of age and frail subjects > 65 years of age with at least two co-morbidities associated with increased risk of severe COVID-19 (listed in Supplementary Table 1), were enrolled in eight collaborating centres from seven Italian regions at time of their first COVID-19 vaccine dose. The list of participating centres is shown in Supplementary Table 2.

Venous blood withdrawal was planned at first vaccination (T0), one month after the completion of the primary vaccine series (T1), and six months after the first vaccine dose (T2). The study is still ongoing, and a third venous blood withdrawal is planned by twelve months after the first vaccine dose (T3).

At the enrolment, a questionnaire was administered to subjects who agreed to enter the study to collect demographic and clinical data, including a previous COVID-19 diagnosis, together with the informed consensus form.

To measure possible exposure to natural SARS-CoV-2 infection, IgG levels against the Nucleocapsid (N) protein were measured at each time-point.



Serum preparation and storage

Blood samples (5 ml) were collected in Serum Separator Tubes (BD Diagnostic Systems, Franklin Lakes, NJ, USA) and centrifuged at room temperature at 1600 rpm for 10 min. Two serum aliquots were transferred to 2ml polypropylene, screw cap cryo tubes (Nunc™, Thermofisher Scientific, Waltham, MA USA), immediately frozen at -20°C and thereafter stored at -80°C. Frozen sera were shipped to the Department of Infectious Diseases at Istituto Superiore di Sanità (ISS), in dry ice following biosafety shipment condition. Upon arrival serum samples were immediately stored at -80°C.



SARS-CoV-2 IgG immunoassays

Sera were evaluated centrally at ISS by the DiaSorin Liaison SARS-CoV-2 trimericS IgG assay on the LIAISON® XL chemiluminescence analyzer (DiaSorin, Saluggia, VC, Italy). The assay range is up to 2080 Binding Antibody Units (BAU/mL). According to manufacturer’s instructions, values ≥ 33.8 BAU/mL were interpreted as positive. If the results were above the assay range, samples were automatically diluted 1/20 and testing was repeated.

Anti-Nucleocapsid (N) IgG were measured at T0, T1, T2 after serum preparation by the collaborating centres. The anti-N IgG Elecsys (Roche Diagnostics, Monza, Italy); Anti-N IgG iFlash (Pantec, Torino, Italy) and anti-N IgG Architect (Abbott Diagnostics, Chicago, IL, USA) were used, data were interpreted according to manufacturers’ instructions.



SARS-CoV-2 neutralizing antibody assay

SARS-CoV-2 isolates belonging to B (considered as reference strain in this study), AY.4 (Delta) and BA.1 (Omicron) lineages were incubated with two-fold serial dilutions of serum samples starting at 1:8 dilution in E MEM culture medium (Sigma Aldrich, Merck Life Science, Milan, Italy) supplemented with 1X penicillin/streptomycin (Corning, Glendale, AZ, USA) and 2% foetal bovine serum (Corning) in 96-well plates. Virus (100 TCID50) and serum mixture was incubated at 37°C for 1 hour. After this incubation 22,000 cells per well were added and incubated at 37°C for 5 days. The neutralization titer was calculated and expressed as microneutralization titer 50 (MNT50), i.e., the serum dilution capable of reducing the cytopathic effect to 50%.



Assessment of SARS CoV-2 Spike-specific T-cell response

Spike protein-specific T-cell responses were measured by stimulating patients’ peripheral blood mononuclear cells (PBMCs) with a pool of overlapping peptides covering the immunodominant domains of the ancestral Spike protein (Miltenyi, Bergisch Gladbach, Germany). After overnight stimulation, cells were incubated with Live/Dead fixable violet dead cell stain kit used to exclude dead cells from the analyses (Thermo Fisher Scientific). Cells were then fixed and permeabilized using Cytofix/Cytoperm Fixation/Permeabilization Solution Kit (ThermoFisher) and stained with a predetermined optimal concentration of fluorochrome-conjugated Abs: anti-CD3-APC-H7, anti-IL-2-FITC, anti-TNFα PE-Cy7 (all from BD Biosciences, Franklin Lakes, NJ, USA), anti-IFN-γ-PerCP-Cy5.5 (both from Biolegend, San Diego, CA, USA), anti-CD8-APC (eBiosciences, Thermo Fisher Scientific). Cells were then acquired by a Gallios Flow Cytometer (Beckman Coulter, Indianapolis, IN, USA) and data analyzed with Kaluza Analysis software (Beckman Coulter). Unstimulated PBMCs were used as negative control. As a positive control, the non-specific superantigen SEB was added at 100 ng/ml (Sigma-Aldrich). Frequencies of cytokine producing cells were calculated after subtraction of cytokine positive cells in the relative negative control tube, i.e., unstimulated sample. Gating strategy is shown in Supplementary Figure 1. A Boolean gating strategy was used to identify polyfunctional T cells.



Assessment of SARS CoV-2 Spike-specific B-cell memory response

Detection of antigen-specific memory B cells (MBC) was performed as previously published (17, 18). Briefly, two aliquots of biotinylated recombinant ancestral SARS-CoV-2 Spike (S1+S2, R&D Systems, Minneapolis, MN, USA) were individually multimerized with fluorescently labelled streptavidin-PE, and streptavidin-BUV395. The B.1.617.2 (Delta) Spike (R&D Systems) was labelled with streptavidin-FITC at 4°C for one hour. Streptavidin-PE-Cy7 (BD Biosciences) was used as a decoy probe to gate out streptavidin-binding non-specific B-cells. Around 4x105 previously frozen PBMC samples were prepared and stained with antigen probe cocktail containing 100ng Spike per probe (total 300ng) and 2ng streptavidin-PE-Cy7 at 4°C for 30 min to ensure maximal staining quality. Surface staining was performed with labelled-antibodies in brilliant buffer at 4°C for 30 min. Spike-specific memory B cells were identified in the CD19+CD24+CD27+ memory B cell (MBC) population as Spike++ (binding SARS-CoV-2 Spike labelled with PE and BUV-395). Among Spike++ MBCs, those specific for AY.4 (Delta) were also detected (Supplementary Figure 2). Samples were acquired on FACS LSRFortessa (BD) and analysed using FlowJo10.7.1 (BD). Limit of detection (LOD) and limit of quantification (LOQ) were calculated as previously reported (19, 20).



Statistical analysis

Using a log-linear regression model, we investigated the association between the geometric mean anti- SARS-CoV-2 trimeric S IgG titers at 1 month and some covariates of interest: type of administered vaccine, age group, sex, and a categorical variable indicating whether the response at first vaccination was below or above the positivity threshold of 33.8 BAU/mL. Due to the skewness of the distribution of the anti- SARS-CoV-2 trimeric S IgG titers, we considered the log-transformation of the dependent variable in the model.

We further investigated the variation in the decline of the geometric mean anti- SARS-CoV-2 trimeric S IgG titers between 1 and 6 months after vaccination through two mixed effect linear models conducted separately for the two age groups. The dependent variable was the log-transformed anti- SARS-CoV-2 trimeric S IgG titer at 1 and 6 months, and the covariates were time, type of vaccine, and the categorical variable on the response at time T0. A random effect was considered for the subjects enrolled in the study, and an interaction between time and type of vaccine was introduced to account for heterogeneity in the decline of the geometric mean anti- SARS-CoV-2 trimeric S IgG among different types of vaccine administered.




Results


Study sample

The enrolment of study participants began in February 2021 and ended in September 2021. Overall, 2497 individuals were enrolled at time of their first vaccination (T0); nine subgroups were defined, based on vaccine type and age/comorbidities (Supplementary Figure 3). The final size of the different subgroups was affected by enrolment procedures. Only a few centres were able to start the enrolment early in February and March 2021, when the national vaccination campaign was focused on older age groups. In March 2021, a circular by the Italian Ministry of Health (Nr. 0026246-11/06/2021) changed reccomendations for the use of Vaxzevria. The first two vaccines available were Comirnaty and Vaxzevria; Spikevax, and the Janssen Ad26.COV2 vaccine had a later approval.



Anti- SARS-CoV-2 trimeric S IgG titer after vaccination

During the study, several individuals dropped out of the study. Final analysis was performed on 1519 of the 1530 subjects whose blood samples were available at all three time points (Supplementary Figure 3), since 11 were excluded having received a single vaccine dose instead of the two-dose regimen required. A total of 118 participants (7.8%) had a COVID-19 diagnosis before vaccination, of those, 65 received a single vaccine dose, whereas 53 had two doses.

Figure 1 shows the longitudinal trajectories of anti-trimericS IgG in the total sampled population stratified by the type of vaccine received or previous COVID-19 diagnosis (ex-COVID). Overall, anti-trimericS IgG peaked one month after primary vaccination (T1), thereafter declining with significantly lower levels 5 months later (T2) (Wilcoxon Signed-Rank Test p-value <0.001), with the exception of Ad26.COV2 vaccine recipients for whom IgG levels remained stable. Among COVID-19 naïve subjects, mRNA vaccines induced a better response, the highest geometric mean titers (GMT) were reached with the Spikevax vaccine. The Ad26.COV2.S vaccine induced the lowest antibody response. The HV regimen (first dose Vaxzevria and second dose Comirnaty or Spikevax) induced a significantly higher response compared with two doses of Vaxzevria at both T1 and T2 (Wilcoxon Signed-Rank Test p-value <0.001). Higher antibody titers were measured in ex-COVID individuals, either receiving one single vaccine dose or two doses, at all the timepoints analysed (Wilcoxon Signed-Rank Test p-value <0.001).




Figure 1 | Kinetics of COVID-19 vaccine-induced IgG over time. The trajectories of serum anti-trimeric-Spike IgG (BAU/ml) for all the subjects analysed, stratified by type of vaccine or previous COVID-19 diagnosis are shown (thin lines). Mean values in each group are indicated (thick lines). The dotted line represents the positivity cut-off of the serological assay (33.8 BAU/ml).



To avoid the confounding effect of a pre-existing immunity, serological data stratified by vaccine type and age-group were analysed separately among COVID-19 naïve vaccinees (Table 1) and ex-COVID subjects (Table 2). In COVID-19 naïve subjects the hierarchy in anti-S IgG levels at T1 and T2 was Spikevax > Comirnaty >Vaxzevria > Ad.26.CoV2.S. The humoral immune response was higher in healthy adults aged ≤65 years than in frail individuals above 65 years (Table 1), with the notable exception of Vaxzevria recipients. The HV of healthy adults induced antibody levels lower only than Spikevax vaccination.


Table 1 | Demographic characteristics, baseline values and humoral immune response induced at T1 and T2 time-points by different vaccines in healthy adults and frail elderly individuals without any previously reported COVID-19 diagnosis.




Table 2 | Demographic characteristics, baseline values and humoral immune response induced at T1 and T2 time-points by different vaccines in healthy adults and frail elderly individuals with previously reported COVID-19 diagnosis.



Among ex-COVID subjects, those who had two doses reached the highest GMT at T1 and T2. Humoral immune responses were consistently high in the frail elderly group (Table 2). Out of the 1,519 subjects analysed, 1,383 were anti-N IgG negative at baseline. Of those, 33 (2.4%) became positive at T1 or T2, an indicator of a possible infection.

According to the log-linear regression (Table 3), GMT at one month was expected to increase by 96.5% (95% CI: 73.0-123.2) in healthy adults compared to frail elderly. Taking as reference Spikevax, GMT at one month was expected to decrease by 82.8% (95% CI: 79.3-85.7, pvalue < 0.001), 95.8% (95% CI: 94.3-97.0, pvalue < 0.001), 36.5% (95% CI: 27.8-44.2, pvalue < 0.001), and 21.3% (95% CI: -10.6-43.8, pvalue=0.169) respectively among individuals who received Vaxzevria, Ad26.COV2.S, Comirnaty, and the heterologous vaccination, once the analysis is corrected for the other covariates. Finally, there was no significant difference in the GMT between male and female participants (p value 0.392).


Table 3 | Average percentage variation of the GMT at T1 with respect to type of vaccine, age group, the response at T0 and sex and 95% confidence intervals, obtained as the exponential of the estimated coefficient of the log-linear regression model minus 1.



As shown in Table 4, among healthy adults, the relative decrease in the GMT between 1 and 6 months was lower for subjects who received Vaxzevria (60.4%, p value relative to the test on differences with respect to Spikevax <0.001), the heterologous vaccination (68.0%, pvalue = 0.431), and Ad26.COV2.S (23.9%, pvalue <0.001), with respect to Spikevax (71.3%), while it was higher for subjects who received Comirnaty (76.7%, pvalue <0.001) with respect to Spikevax.


Table 4 | Estimated fixed effect of the mixed effect log-linear model on the GMT with time, type of vaccine, a dichotomous variable indicating whether IgG anti-S T0 > 33.8 BAU/ml, and age group as covariates, and an interaction term between time and type of vaccine.



Among frail elderly, the relative decrease in the GMT between 1 and 6 months was lower for subjects who received Ad26.COV2.S (6.7%) when compared with Spikevax (76.2%, pvalue relative to the test on differences < 0.001). On the other side, there was no significant difference in the variation of the GMT at consequent times between Comirnaty (74.2%) or Vaxzevria (66.3%) with respect to Spikevax (pvalues respectively 0.636 and 0.174).



SARS-CoV-2 neutralization assays

Sera collected at T1 and T2 from a representative sample of healthy adults ≤65 years and frail elderly individuals >65 years who received the Comirnaty vaccine and were COVID-19 naïve were randomly selected for virus neutralization assays against the B (reference), and the AY.4 (Delta) strains (Figure 2). Comparison of sera neutralizing activity showed a higher median MNT against B as compared to AY.4 [MNT median, interquartile range (IQR): healthy adults T1 B 129 (24;256) vs T1 AY.4 13 (<8; 60); healthy adults T2 B 28 (8;64) vs T2 AY.4 9 (<8; 35). The neutralization activity against both viral strains significantly declined at T2. When comparing frail elderly subjects with healthy adults, we found that the in the former group significantly higher percentages of individuals had lost neutralizing activity against the B and the AY.4 strains at T2 (64.3% vs 15.0% sera not neutralizing the B strain, elderly vs adults; 76.2% vs 45.8% sera not neutralizing the Delta AY.4 strain, elderly vs adults).




Figure 2 | Microneutralization titers of T1 and T2 sera from COVID-19 naïve subjects vaccinated with Comirnaty. Sera from healthy adults (A) and frail elderly subjects (B) vaccinated with the Comirnaty vaccine were used to neutralize reference SARS-CoV-2 strain (B) and a Delta strain (AY.4). Individual MNT are reported together with median values. Non-neutralizing sera (MNT<8) are placed on the x-axis; frequencies of non-neutralizing sera are indicated below the graphs. Statistical differences among strains were calculated by the Kruskall-Wallis test; differences among time-points were calculated with the Wilcoxon test.



A group of the T2 sera was tested in the neutralization assays against the Omicron BA.1 strain. The results showed a statistically significant lower neutralizing activity (Figure 3). At T2 only 16% of sera from healthy adults had a neutralizing activity against BA.1. None of the sera from the > 65 group was able to neutralize the virus.




Figure 3 | Microneutralization titers of T2 sera from COVID-19 naïve subjects vaccinated with Comirnaty. Sera from healthy adults (A) and frail elderly subjects (B) vaccinated with the Comirnaty vaccine were used to neutralize reference SARS-CoV-2 strain (B), a Delta strain (AY.4) and an Omicron strain (BA.1). Individual MNT are reported together with median values. Non-neutralizing sera (MNT<8) are placed on the x-axis; frequencies of non-neutralizing sera are indicated below the graphs. Statistical differences among strains were calculated by the Kruskall-Wallis test.



A significant correlation between anti-trimeric S IgG levels and MNT against the reference strain was found in both age groups and at T1 and T2 (Figure 4). When considering the VOCs, serum IgG concentrations showed a good correlation with MNT among adults ≤65 years, but much lesser in the frail elderly group, suggesting that older individuals respond to vaccination with lower IgG titers and their antibodies have a reduced neutralizing activity.




Figure 4 | Correlation between anti-trimeric Spike IgG titers and serum neutralization activity. Linear regression correlating the levels of anti-trimeric S IgG with MNT values against reference SARS-CoV-2 strain (B), a Delta strain (AY.4) and an Omicron (BA.1). r and P values are shown.





T-cell mediated immune response to vaccination

The frequencies of CD4+ and CD8+ T cells producing IFN-γ, TNF-α and IL-2 in response to SARS-CoV-2 Spike peptides were measured in randomly selected COVID-19 naïve healthy adults six months after the first vaccine dose. Total cytokine response showed that among healthy adults, Spikevax recipients were those with the lower percentage of responders, i.e. individuals reacting to Spike antigenic stimulation with the production of at least one of the 3 cytokines analysed, both in CD4+ and CD8+ T cells (Figures 5A, B). Comirnaty vaccinees tended to induce preferentially CD4+ T cells responses whereas subjects vaccinated with adenovirus vectored vaccines had a preferential activation of CD8+ T cells. In COVID-19 naïve frail elderly subjects, Comirnaty and Vaxzevria vaccines induced a poorer response as compared to healthy adults, while Spikevax and Ad.26.COV2.S induced response was higher (Figures 5C, D). Individual cytokine responses are shown in Supplementary Figure 4. Most IgG low-responders, i.e. subjects with a IgG titer lower than 100 BAU/ml at T1, were able to mount a detectable T-cell response at T2 (Supplementary Figure 4, indicated by the grey-filled symbols). Overall, T-cell responses were not impaired in elderly subjects. The Ad.26.COV2.S vaccine, which ranked in last place as far as concerned the humoral response, induced a good T-cell response, especially in the >65 years group.




Figure 5 | T-cell mediated immune response in COVID-19 vaccinees 6 months after first immunization. The frequencies of CD4+ and CD8+ T cells producing IFN-γ, TNFα and IL-12 in healthy adults (A, B) and frail elderly subjects (C, D) in response to in vitro stimulation with Spike are shown as total cytokine response. Statistical differences among types of vaccine were calculated by the Wilcoxon test. Pie diagrams show the frequencies of non-responding T cells or T cells producing 1 to 3 cytokines simultaneously.





B-cell memory response to vaccination

Anti-Spike specific B-cell memory responses were assayed at the T2 time-point on a sample of 90 COVID-19 naïve vaccinated subjects, mostly healthy adults ≤65 years. Memory B cell (MBC) frequencies were higher in mRNA vaccine recipients. Ad.26.COV2.S vaccinees displayed higher frequencies than subjects vaccinated with the two-dose Vaxzevria vaccine (Figures 6A, C). mRNA vaccines induced MBCs with a broader repertoire, also able to recognize the Delta spike, on average approximately 40% of MBCs specific for ancestral SARS-CoV-2 Spike have specificity for the AY.4 Spike (Figures 6B, D). In frail elderly subjects vaccinated with Comirnaty, Vaxzevria and Ad.26.CoV2.S. Frequencies of Spike-specific MBC were lower as compared to healthy adults, although with a few outliers. Comirnaty vaccinees displayed a broader MBC repertoire with high affinity binding to Delta Spike.




Figure 6 | Anti-Spike specific B-cell memory responses in COVID-19 vaccinees 6 months after first immunization. The frequencies of memory B cells displaying high specificity towards the ancestral Spike antigen and the frequencies of ancestral Spike-specific memory B cells highly specific towards Delta (B.1.617.2) Spike antigen in healthy adults (A, B) and frail elderly subjects (C, D) are shown. Statistical differences were calculated by the Wilcoxon test.






Discussion

Few studies compared immunogenicity of different COVID-19 vaccines and to date there has been limited head-to-head evaluation of immune responses to different types of COVID-19 vaccines (e.g. mRNA vs adenovirus-vectored vaccines) (21). The novelty of the present study relies on the comparison of different vaccine-induced immune components among healthy adults and frail elderly individuals.

The analysis of the humoral immune response showed a hierarchy in anti-S IgG inducing capacity either at one month and six months from the primary vaccine series, with Spikevax > Comirnaty >Vaxzevria > Ad.26.CoV2.S. Frail elderly subjects older than 65 and with at least two co-morbidities responded to the vaccination with lower amount of antibody than the younger counterpart. The decline of anti-trimeric Spike IgG between T1 and T2 was reduced in those vaccinated with Vaxzevria and significantly reduced in those vaccinated with Ad.26.CoV2.S, independently of their age, as found in the mixed effect model (Table 4). In this respect, data on antibody decline in Ad.26.CoV2.S vaccinated subjects were in line with results published by Zhang and colleagues (21). At six months from the vaccination, still most of the enrolled individuals had antibody levels above the positivity threshold of the assay used. These overall findings are consistent with previous reports on COVID-19 vaccines (22, 23). The performance of the heterologous vaccination approach was remarkable confirming previous study showing the benefits of this approach (24–26).

A small fraction of enrolled individuals had a COVID-19 diagnosis prior of vaccination. A previous SARS-CoV-2 infection was associated with higher antibody levels, suggesting that prior infection history may increase protection from vaccination (27). The potentiating effect of a previous infection is not surprising and might be attributed to the so-called hybrid immunity (28). We found that one single vaccine dose in ex-COVID subjects induces similar antibody levels as compared to a two-dose schedule. Remarkably, although uncertainty around the antibody response at different times is large due to small sample sizes, frail elderly ex-COVID subjects were not lesser able to mount a humoral response to the vaccination than healthy adults. This finding may be biased by a confounding factor related to the severity of symptoms after infection, but unfortunately information on the severity of symptoms after the infection is not available. Nonetheless, according to a recent study among nursing home residents, a marked increase of humoral immune response to mRNA COVID-19 vaccines was found in those with a previous history of SARS-CoV-2 infection (29). Even though serum levels of IgG induced by vaccination represents a key marker of vaccine performance, the functional quality of vaccine-induced antibody needs to be assessed and a clear correlate of protection is not available so far, although it has been suggested that neutralizing antibodies induced by COVID-19 vaccination correlate with protection (10, 14). When we measured neutralizing antibodies against the reference SARS-CoV-2 strain (lineage B) in Comirnaty vaccinees, we found that they were detectable in 95% of healthy adults and in 85% of frail elderly subjects one month after the second vaccine dose (T1). Similarly to anti-trimeric IgG, neutralizing antibodies were significantly higher in the ≤ 65 years group and declined six months after vaccination. Sera tested against the AY.4 (Delta) strain had significantly lower titers as compared to the B strain in both age groups. From the end of 2021, the highly mutated BA.1 strain (Omicron) started to circulate in Italy (30). We found that six months after the first dose of Comirnaty, only few sera from healthy adults and none from frail elderly subjects had the capability to neutralize this variant, as already observed in other settings (31, 32).

An interesting result was found when we correlated the neutralizing activity with anti-trimeric Spike IgG levels. The correlation with neutralizing activity against SARS-CoV-2 B and AY.4 strains was significant in both younger and older adults at T1 and T2. There was no correlation between anti-trimeric Spike IgG and antibodies with neutralizing activity against BA.1 in the > 65 group at T2. This could be possibly related to immune ageing with consequent reduced size and function of the germinal centre response (33).

T-cell mediated immune responses were analysed at the T2 time-point in subjects who received each of the 4 vaccines under comparison. Data on T-cell responses were not correlated to vaccine-induced antibody response, indeed, the Spikevax vaccine was poor while the Ad.26.COV2.S was efficient in inducing T-cell immunity at 6 months from vaccination. Moreover, humoral low-responders, that is those with IgG levels below 100 BAU/ml at T1, were generally able to mount a good T-cell response. Compared to already published data, our results on T-cell responses confirm the development of a persistent T-cell memory response in Comirnaty, Vaxzevria and Ad.26.COV2.S vaccinated individuals (21, 34–38). At difference from those study, we found poorer T-cell responses induced by Spikevax as compared to other vaccines, however it should be pointed out that the in study by Zhang et al. and by Goel et al. the activation induced marker (AIM) assay was used to assess T-cell response in vaccinated subjects.

The last aspect of vaccine-induced immunity analysed in the present study concerns memory B cells. In contrast to serum antibodies, memory B cell responses after COVID-19 vaccination are long-lived and play an important role in protection by rapidly reacting to infection with the production of IgG antibodies in the serum and at the site of viral entry (16, 17). High affinity B-cell memory are induced at the T2 time-point in healthy adults by mRNA vaccines at higher frequencies as compared to adenovirus vectored vaccines. Thus, mRNA vaccines are stronger inducer of B cell responses, measured by specific antibody levels and frequency of memory B cells, than Vaxzevria and Ad26.COV2.S six months after the first vaccine dose. Most MBC from Comirnaty and Spikevax vaccinees were able to recognize Delta Spike. Vaccinees not able to recognize Delta Spike generally had low frequencies of MBC with high affinity towards WT Spike suggesting that the germinal center reaction is impaired in these subjects (39).

Our study has some limitations. The numbers of enrolled individuals in the Vaxzevria > 65 group and in both Ad26.COV2.S groups are smaller; the study protocol did not include subject under 18 years of age and especially children for which humoral and cellular responses are not available for evaluation. Moreover, it is important to remark that data obtained so far, and here reported, include the response to primary two-doses vaccination and are related to the first part of an immunological monitoring study which is currently still ongoing. In this regard, it has been shown that a third dose strongly boosts the antibody responses in older individuals also against some circulating VOCs (12, 13).

Overall, the data demonstrated that the COVID-19 vaccines in elderly subjects are immunogenic, despite immune-ageing and frailty. As already described (11), we found that older individuals have lower neutralizing titres against SARS-CoV-2 than younger adults, however most of them were able to mount a T-cell immune response. Worth of note, analysis of humoral immune responses shows greater differences among vaccines than T-cell immune responses. Heterologous vaccination and heterologous combination of infection plus vaccination strongly improves antibody response, also against some of the known VOCs.

High affinity B-cell memory are induced at the T2 time-point in healthy adults by mRNA vaccines at higher frequencies as compared to adenovirus vectored vaccines. Thus, mRNA vaccines are stronger inducer of B cell responses as drivers of immunological memory response.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The study was approved by the Ethical Committee of the National Institute for Infectious Diseases Lazzaro Spallanzani (Parere n. 271 del Registro delle Sperimentazioni, 04.02.2021 and subsequent amendments). Thereafter, approval was given by local ethic committees (Comitato Etico dell’Università La Sapienza, Rif n.6358; Ligurian regional ethics committee, n. CER Liguria 164/2021; Ethics Committee for Clinical Trials of the Province of Padua n. 5101/U6n/21, 17.06.2021; CE AVEC: 399/2021/Sper/AOUBo; Comitato Etico Milano Area 2 c N. 1473, 13/05/2021; Comitato Etico Palermo 1, 18/02/2021; Comitato Etico Area 1 Puglia, 10/02/2021). The patients/participants provided their written informed consent to participate in this study.



Author contributions

PS: conceived the study. GF, FT, and PS: designed the study, analysed the data, and wrote the manuscript. GF, PL, and IS: performed anti-S and anti-N IgG immunoassays and neutralizing antibody assays. SF and AM: performed SARS-CoV-2 neutralizing antibody assays. TB, AB, FB, MP, FF, RG, VL, AO, and VR: managed biological samples collection and handling and performed anti-N IgG immunoassays. IS, EO, GF, and RG: performed T-cell response experiments. RC, EPM: performed memory B-cell response experiments. SA, GA, VB, PC, AG, GI, TL, CM, RP, and VR: contributed to study design provided samples and data and revised the manuscript. AP, SM, and SB critically revised the manuscript. All the authors contributed to editing of the manuscript.



Conflict of interest

The authors declare that  in this study the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.1021396/full#supplementary-material



References

1. Marfe, G, Perna, S, and Shukla, AK. Effectiveness of COVID-19 vaccines and their challenges (Review). Exp Ther Med (2021) 22(6):1407. doi: 10.3892/etm.2021.10843

2. Thomas, SJ, Moreira, ED Jr, Kitchin, N, Absalon, J, Gurtman, A, Lockhart, S, et al. Safety and efficacy of the BNT162b2 mRNA covid-19 vaccine through 6 months. N Engl J Med (2021) 385(19):1761–73. doi: 10.1056/NEJMoa2110345

3. El Sahly, HM, Baden, LR, Essink, B, Doblecki-Lewis, S, Martin, JM, Anderson, EJ, et al. Efficacy of the mRNA-1273 SARS-CoV-2 vaccine at completion of blinded phase. N Engl J Med (2021) 385(19):1774–85. doi: 10.1056/NEJMoa2113017

4. Voysey, M, Costa Clemens, SA, Madhi, SA, Weckx, LY, Folegatti, PM, Aley, PK, et al. Single-dose administration and the influence of the timing of the booster dose on immunogenicity and efficacy of ChAdOx1 nCoV-19 (AZD1222) vaccine: a pooled analysis of four randomised trials. Lancet (2021) 397(10277):881–91. doi: 10.1016/S0140-6736(21)00432-3

5. Sadoff, J, Gray, G, Vandebosch, A, Cárdenas, V, Shukarev, G, Grinsztejn, B, et al. Safety and efficacy of single-dose Ad26.COV2.S vaccine against covid-19. N Engl J Med (2021) 384(23):2187–201. doi: 10.1056/NEJMoa2101544

6. Wang, J, Tong, Y, Li, D, Li, J, and Li, Y. The impact of age difference on the efficacy and safety of COVID-19 vaccines: A systematic review and meta-analysis. Front Immunol (2021) 12:758294. doi: 10.3389/fimmu.2021.758294

7. Onder, G, Rezza, G, and Brusaferro., S. Case-fatality rate and characteristics of patients dying in relation to COVID-19 in Italy. JAMA J Am Med Assoc (2019) 2019–2020:2020. doi: 10.1001/jama.2020.4683

8. Poletti, P, Tirani, M, Cereda, D, Trentini, F, Guzzetta, G, Sabatino, G, et al. Association of age with likelihood of developing symptoms and critical disease among close contacts exposed to patients with confirmed SARS-CoV-2 infection in Italy. JAMA Network Open (2021) 4(3):e211085. doi: 10.1001/jamanetworkopen.2021.1085

9. Poletti, P, Tirani, M, Cereda, D, Trentini, F, Guzzetta, G, Marziano, V, et al. Age-specific SARS-CoV-2 infection fatality ratio and associated risk factors, Italy, February to April 2020. Eurosurveillance (2020) 25(31):pii=2001383. doi: 10.2807/1560-7917.ES.2020.25.31.2001383

10. Gilbert, PB, Montefiori, DC, McDermott, AB, Fong, Y, Benkeser, D, Deng, W, et al. Immune correlates analysis of the mRNA-1273 COVID-19 vaccine efficacy clinical trial. Science (2022) 375(6576):43–50. doi: 10.1126/science.abm3425

11. Hägg, S, and Religa, D. COVID vaccination in older adults. Nat Microbiol (2022) 7(8):1106–7. doi: 10.1038/s41564-022-01166-0

12. Renia, L, Goh, YS, Rouers, A, Le Bert, N, Chia, WN, Chavatte, JM, et al. Lower vaccine-acquired immunity in the elderly population following two-dose BNT162b2 vaccination is alleviated by a third vaccine dose. Nat Commun (2022) 13(1):4615. doi: 10.1038/s41467-022-32312-1

13. Fedele, G, Palmieri, A, Malara, A, Damiano, C, Di Lonardo, A, Schiavoni, I, et al. A third dose of mRNA COVID-19 vaccine significantly enhances anti-SARS-CoV-2 spike IgG response in nursing home residents in Italy. J Am Med Dir Assoc (2022) 23(7):1114–5. doi: 10.1016/j.jamda.2022.05.006

14. Khoury, DS, Cromer, D, Reynaldi, A, Schlub, TE, Wheatley, AK, Juno, JA, et al. Neutralizing antibody levels are highly predictive of immune protection from symptomatic SARS-CoV-2 infection. Nat Med (2021) 27:1205–11. doi: 10.1038/s41591-021-01377-8

15. Sette, A, and Crotty, S. Adaptive immunity to SARS-CoV-2 and COVID-19. Cell (2021) 184(4):861–80. doi: 10.1016/j.cell.2021.01.007

16. Terreri, S, Piano Mortari, E, Vinci, MR, Russo, C, Alteri, C, Albano, C, et al. Persistent b cell memory after SARS-CoV-2 vaccination is functional during breakthrough infections. Cell Host Microbe (2022) 30(3):400–8.e4. doi: 10.1016/j.chom.2022.01.003

17. Piano Mortari, E, Russo, C, Vinci, MR, Terreri, S, Fernandez Salinas, A, Piccioni, L, et al. Highly specific memory b cells generation after the 2nd dose of BNT162b2 vaccine compensate for the decline of serum antibodies and absence of mucosal IgA. Cells (2021) 10(10):2451. doi: 10.3390/cells10102541

18. Pulvirenti, F, Fernandez Salinas, A, Milito, C, Terreri, S, Piano Mortari, E, Quintarelli, C, et al. B cell response induced by SARSCoV-2 infection is boosted by the BNT162b2 vaccine in primary antibody deficiencies. Cells (2021) 10(11):2915. doi: 10.3390/cells10112915

19. Buccisano, F, Palmieri, R, Piciocchi, A, Arena, V, Maurillo, L, Del Principe, MI, et al. Clinical relevance of- limit of detection (LOD) - limit of quantification (LOQ) - based flow cytometry approach for measurable residual disease (MRD) assessment in acute myeloid leukemia (AML). Blood (2020) 136(Supplement 1):37–8. doi: 10.1182/blood-2020-139557

20. Illingworth, A, Marinov, I, Sutherland, DR, Wagner-Ballon, O, and DelVecchio, L. ICCS/ESCCA consensus guidelines to detect GPI-deficient cells in paroxysmal nocturnal hemoglobinuria (PNH) and related disorders part 3 - data analysis, reporting and case studies. Cytom B Clin Cytom (2018) 94(1):49–66. doi: 10.1002/cyto.b.21609

21. Zhang, Z, Mateus, J, Coelho, CH, Dan, JM, Moderbacher, CR, Gálvez, RI, et al. Humoral and cellular immune memory to four COVID-19 vaccines. Cell (2022) 185(14):2434–51.e17. doi: 10.1016/j.cell.2022.05.022

22. Self, WH, Tenforde, MW, Rhoads, JP, Gaglani, M, Ginde, AA, Douin, DJ, et al. Comparative effectiveness of moderna, pfizer-BioNTech, and janssen (Johnson & Johnson) vaccines in preventing COVID-19 hospitalizations among adults without immunocompromising conditions - united states, march-august 2021. MMWR Morb Mortal Wkly Rep (2021) 70:1337–43. doi: 10.15585/mmwr.mm7038e1

23. McDonald, I, Murray, SM, Reynolds, CJ, Altmann, DM, and Boyton, RJ. Comparative systematic review and meta-analysis of reactogenicity, immunogenicity and efficacy of vaccines against SARS-CoV-2. NPJ Vaccines (2021) 6(1):74. doi: 10.1038/s41541-021-00336-1

24. Schmidt, T, Klemis, V, Schub, D, Mihm, J, Hielscher, F, Marx, S, et al. Immunogenicity and reactogenicity of heterologous ChAdOx1 nCoV-19/mRNA vaccination. Nat Med (2021) 27:1530–5. doi: 10.1038/s41591-021-01464-w

25. Barros-Martins, J, Hammerschmidt, SI, Cossmann, A, Odak, I, Stankov, MV, Morillas Ramos, G, Dopfer-Jablonka, A, et al. Immune responses against SARS-CoV-2 variants after heterologous and homologous ChAdOx1 nCoV-19/BNT162b2 vaccination. Nat Med (2021) 27:1525–9. doi: 10.1038/s41591-021-01449-9

26. Liu, X, Shaw, RH, Stuart, ASV, Greenland, M, Aley, PK, Andrews, NJ, et al. Safety and immunogenicity of heterologous versus homologous prime-boost schedules with an adenoviral vectored and mRNA COVID-19 vaccine (Com-COV): a single-blind, randomised, non-inferiority trial. Lancet (2021) 398:856–69. doi: 10.1016/S0140-6736(21)01694-9

27. Manisty, C, Otter, AD, Treibel, TA, McKnight, Á, Altmann, DM, Brooks, T, et al. Antibody response to first BNT162b2 dose in previously SARS-CoV-2-infected individuals. Lancet (2021) 397(10279):1057–8. doi: 10.1016/S0140-6736(21)00501-8

28. Crotty, S. Hybrid immunity. Science (2021) 372(6549):1392–3. doi: 10.1126/science.abj2258

29. Fedele, G, Palmieri, A, Damiano, C, Di Lonardo, A, Leone, P, Schiavoni, I, et al. Humoral immunity induced by mRNA COVID-19 vaccines in nursing home residents previously infected with SARS-CoV-2. Aging Clin Exp Res (2022):1–8. doi: 10.1007/s40520-022-02239-0

30. Stefanelli, P, Trentini, F, Petrone, D, Mammone, A, Ambrosio, L, Manica, M, et al. Tracking the progressive spread of the SARS-CoV-2 omicron variant in Italy, December 2021 - January 2022. medRxiv (2022) 01:27.22269949. doi: 10.1101/2022.01.27.22269949

31. Edara, VV, Manning, KE, Ellis, M, Lai, L, Moore, KM, Foster, SL, et al. mRNA-1273 and BNT162b2 mRNA vaccines have reduced neutralizing activity against the SARS-CoV-2 omicron variant. Cell Rep Med (2022) 3(2):100529. doi: 10.1016/j.xcrm.2022.100529

32. Alidjinou, EK, Demaret, J, Corroyer-Simovic, B, Labreuche, J, Goffard, A, Trauet, J, et al. Immunogenicity of BNT162b2 vaccine booster against SARS-CoV-2 delta and omicron variants in nursing home residents: A prospective observational study in older adults aged from 68 to 98 years. Lancet Reg Health Eur (2022) 17:100385. doi: 10.1016/j.lanepe.2022.100385

33. Lee, KL, and Linterman, MA. Mechanisms underpinning poor antibody responses to vaccines in ageing. Immunol Lett (2022) 21(9):e13692. doi: 10.1016/j.imlet.2021.11.001

34. Goel, RR, Painter, MM, Apostolidis, SA, Mathew, D, Meng, W, Rosenfeld, AM, et al. mRNA vaccines induce durable immune memory to SARS-CoV-2 and variants of concern. Science (2021) 374:abm0829. doi: 10.1126/science.abm0829

35. Guerrera, G, Picozza, M, D’Orso, S, Placido, R, Pirronello, M, Verdiani, A, et al. BNT162b2 vaccination induces durable SARS-CoV-2-specific T cells with a stem cell memory phenotype. Sci Immunol (2021) 6:eabl5344. doi: 10.1126/sciimmunol.abl5344

36. Sahin, U, Muik, A, Vogler, I, Derhovanessian, E, Kranz, LM, Vormehr, M, et al. BNT162b2 vaccine induces neutralizing antibodies and poly-specific T cells in humans. Nature (2021) 595:572–7. doi: 10.1038/s41586-021-03653-6

37. Swanson, PA 2nd, Padilla, M, Hoyland, W, McGlinchey, K, Fields, PA, Bibi, S, et al. AstraZeneca/Oxford/VRC study group. AZD1222/ChAdOx1 nCoV-19 vaccination induces a polyfunctional spike protein-specific TH1 response with a diverse TCR repertoire. Sci Transl Med (2021) 13(620):eabj7211. doi: 10.1126/scitranslmed.abj7211

38. Naranbhai, V, Garcia-Beltran, WF, Chang, CC, Berrios Mairena, C, Thierauf, JC, Kirkpatrick, G, et al. Comparative immunogenicity and effectiveness of mRNA-1273, BNT162b2, and Ad26.COV2.S COVID-19 vaccines. J Infect Dis (2022) 225(7):1141–50. doi: 10.1093/infdis/jiab593

39. Shankwitz, K, Pallikkuth, S, Sirupangi, T, Kirk Kvistad, D, Russel, KB, Pahwa, R, et al. Compromised steady-state germinal center activity with age in nonhuman primates. Aging Cell (2020) 19(2):e13087. doi: 10.1111/acel.13087



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Fedele, Trentini, Schiavoni, Abrignani, Antonelli, Baldo, Baldovin, Bandera, Bonura, Clerici, De Paschale, Fortunato, Gori, Grifantini, Icardi, Lazzarotto, Lodi, Mastroianni, Orsi, Prato, Restivo, Carsetti, Piano Mortari, Leone, Olivetta, Fiore, Di Martino, Brusaferro, Merler, Palamara and Stefanelli. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu.2022.1021396_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Evaluation of humoral and
cellular response to four
vaccines against COVID-19 in
different age groups: A
longitudinal study





OEBPS/Images/fimmu-13-1021396-g005.jpg
10
2
@
o 1
+
<
[=]
(6]
g 01
a
@
@
£
§ 0.01
=
0
0.001

1-cytokine
2-cytokine
3-cytokine
No Responders

cytokines pos CD4+ cells

1-cytokine
2-cytokine
3-cytokine
No Responders

P=0.0004

Comirnaty

Vaxzevria

Comirnaty

Vaxzevria

Spikevax

Ad.26.CoV2.s

Ad.26.CoV2.s

cytokines pos CD8+ cells

cytokines pos CD8+ cells

Vaxzevria

Vaxzevria

Spikevax

Ad.26.CoV2.s

Spikevax

Ad.26.CoV2.s





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Evaluation of humoral and cellular response to four vaccines against COVID-19 in different age groups: A longitudinal study

      

        		

          Introduction

        



        		

          Methods

        

          		

            Study design

          



          		

            Serum preparation and storage

          



          		

            SARS-CoV-2 IgG immunoassays

          



          		

            SARS-CoV-2 neutralizing antibody assay

          



          		

            Assessment of SARS CoV-2 Spike-specific T-cell response

          



          		

            Assessment of SARS CoV-2 Spike-specific B-cell memory response

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Study sample

          



          		

            Anti- SARS-CoV-2 trimeric S IgG titer after vaccination

          



          		

            SARS-CoV-2 neutralization assays

          



          		

            T-cell mediated immune response to vaccination

          



          		

            B-cell memory response to vaccination

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-1021396-g002.jpg
D K AN K
@ o o
&

119 3120 9/24 11/24 2111 9114  10/21 16/21
53% 15.0% 37.5% 45.8% 18.2% 64.3% 47.6% 76.2%





OEBPS/Images/table2.jpg
N=118

Median age (IQR)
% Female

% TO > 33.8

% T1 > 33.8

% T2 > 33.8

GMT TO (Range)
GMT T1 (Range)
GMT T2 (range)

Ex-COVID
1-dose <65

51
1 (45 - 57)

56.86

94.12

100

100

126.6 (4.81 - 2080)

5847.75 (1440 - 37600)
1556.36 (262 - 22800)

Ex-COVID
2-dose <65

14
68 (66 - 71.75)
50
92.86
100
92.86
246.61 (4.81 - 681)
4856.54 (34.2 - 21300)
1667.61 (19.2 - 16100)

Ex-COVID
1-dose 265

34
47 (34 - 55)
47.06
7353
100
100
5343 (4.81 - 618)
7121.97 (1450 - 33800)
2622.08 (688 - 29400)

Ex-COVID
2-dose 265

19
76 (72.5 - 78.5)
42.11
94.74
100
100
102.22 (4.81 - 711)
7627.06 (186 - 40200)
3804.02 (36.8 - 39800)





OEBPS/Images/table4.jpg
Intercept

Time T2 vs T1

Comirnaty vs Spikevax

Heterologous vs Spikevax

Ad26.COV2.S vs Spikevax

Vaxzevria vs Spikevax

IgG anti-S TO > 33.8 BAU/ml vs IgG anti-S T0 < 33.8BAU/mL
Interaction term: time T2 * Comirnaty

Interaction term: time T2 * Heterologous

Interaction term: time T2 * Ad26.COV2.S

Interaction term: time T2 * Vaxzevria

*Since Spikevax is the reference, to obtain the relative decrease at T2 (vs T1) we exponentiate the time coefficient and substract 1.
vaccines, we first exponentiate the sum of the time coefficient and the relative interaction term and then substract 1.

Value

8,164
-1,247
-0,549
-0,347
-3,317
-2,067
1,238
-0,207
0,108
0,975
0,322

Healthy adults

Std.Error

0,053
0,048
0,064
0,151
0,173
0,091
0,113
0,058
0,137
0,157
0,082

p-value

<0.001
<0.001
<0.001
0,022
<0.001
<0.001
<0.001
<0.001
0,431
<0.001
<0.001

Value

6,819
-1,436
0,034
-2,600
-0,329
2,375
0,082
1,367
0,350

Frail elderly

Std.Error

0,191
0,156
0,212
0,385
0312
0,355
0,174
0317
0,256

p-value

<0.001
<0.001
0,872
<0.001
0,293
<0.001
0,636
<0.001
0,174

To obtain the relative decrease at T2 (vs T1) for the other





OEBPS/Images/table3.jpg
Covariates Average percentage variation (95% CI) p value

Vaxzevria vs Spikevax -82.80% (-85.71; -79.31) <0.001
Ad26.COV2.S vs Spikevax -95.84% (-96.95; -94.32) <0.001
Heterologous vs Spikevax -21.32% (-43.77; 10.64) 0.169
Comirnaty vs Spikevax -36.53% (-44.24; -27.76) <0.001
IgG anti-S TO > 33.8 BAU/ml vs IgG anti-S T0 < 33.8BAU/mL 294.27% (206.26; 407.58) <0.001
Healthy adults vs frail elderly 98.82% (75.38; 125.39) <0.001

Male vs Female -4.53% (-14.15; 6.16) 0.392





OEBPS/Images/fimmu-13-1021396-g004.jpg
Reference strain <65 T1

1500

1000
L=
a R*=0.6183
500 <0.0001
)
0 10000 20000 30000 40000
BaumI
Reference strain > 65 T1
500
400
= 3300
=20 R*=0.8479
p<0.0001
100
0
0 2000 4000 6000
BAawmI
Delta<65 T1
€00
L]
400
£
=
200

R*-0.8752

p<0.0001
0 T T T 1
0 10000 20000 30000 40000
BAUImMI
Delta>65T1

MNT

0 2000 4000 €000

Omicron < 65 T2
100

80

60

MNT

40
R¥20.9639

20 £<0.0001

0 2000 4000 €000 8000 10000
BAU/mI

Reference strain < 65 T2

800

600

MHT
8

R*-0.8896
p<0.0001

] 2000 4000 6000 8000 10000
BAUImI

Reference strain > 65 T2

60

40
&
- R¥=0.9378
20 p<0.0001
0
0 500 1000 1500
BAUImI
Delta <65 T2
500
400
p %0
= 200
R*-0.9687
100 £<0.0001
e
0 T T T T 1
0 2000 4000 6000 8000 10000
BAUIMI
Delta > 65 T2
30
20
e
H
» R-0.3984
p=0.0022
0
0 £00 1000 1500
BAUImMI
Omicron > 65 T2
20
15
i
< 10
=
5
0
0 500 1000 1500





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-1021396-g006.jpg
P=0.021

P=0.0079

=O.0310

100
0
0
0
0

SOgWoads-elep oxids Jo 9%

N w <

~N - -

SOgWOIads-axids Jo 9,

25
0.5

[a]

o

100

o o o o
© © < N

SO@WoIads-e)jap ayids o 9%

e w o v
N - - O

SOgNoY0ads-ay1ds Jo 9,

0.0





OEBPS/Images/fimmu-13-1021396-g003.jpg
A p<0.0001 B
p=0.0005

N
> & X

320 11/24 20/24 814 16/19 1919
15%  46% 83% 57% 84% 100%





OEBPS/Images/fimmu-13-1021396-g001.jpg
n

Anti-trimericS IgG (log10 scale)
(8]
o

Ad26.COV2.S

Vaxzevria

Heterologous

Covid + 1 dose

Covid + 2 doses
I II————,

T0 T1 T2





OEBPS/Images/table1.jpg
N=1401
Median
age

(IQR)

Female
% T0 >
33.8

% T1 >
33.8

% T2 >
33.8
GMT
T0
(Range)
GMT
T1
(Range)
GMT
T2
(range)

Comirnaty Comirnaty

<65

587

46 (35 - 54.5)

55.37

358

99.83

99.83

5.51 (481 -
315)

2120 (16.6 -
24900)

495.1 (33.2 -
20500)

Spikevax
>65 <65
228 273

71(68-74) 43 (31 - 48)
14649 59.71
395 586
96.93 100
93.42 100

581 (481 - 624 (481 -
1020) 596)

1040.1 (481 - 3777.1 (49.7

35300) - 40100)
268.66 (4.81 - 108492
29400) (484 -
21100)

Spikevax >65

56
715 (69 - 74.25)
39.29
7.14
89.29
83.93

7.05 (4.81 - 212)

1084.47 (4.81 -
41000)

257.94 (4.81 -
22300)

Vaxzevria Vaxzevria Ad26.COV2.S
<65 >65 <65
140 33 28
61(51-63) 68(67-79) 63 (62 - 64.25)
57.14 51.52 67.86
571 0 1429
98.57 100 89.29
91.43 96.97 67.86
596 (481 - 5.04 (481 - 7.65 (481 - 195)
822) 23)
477.34 (17.1  658.66 (47.5 - 152.07 (19.2 -
- 3730) 6780) 13600)
189.17 (109 22221 (29 - 115.8 (10.7 -
-2310) 5280) 4370)

Ad26.COV2.S
>65

18

68.5 (66.25 - 70)

50

5.56

77.78

66.67

5.73 (4.81 - 111)

77.56 (25.1 -
1030)

72.36 (7.77 -
3680)

38

1 (44.25 - 54.75)

42.11

2.63

100

100

5.34 (4.81 - 47.1)

2566.02 (273 -
12800)

820.87 (181 -
2580)





