Impact of priming interval on reactogenicity, peak immunological response and waning after homologous and heterologous COVID-19 vaccine schedules: Exploratory analyses of Com-COV, a randomised control trial
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Abstract
Background
Priming COVID-19 vaccine schedules have been deployed at variable intervals globally, which may influence immune persistence and the relative importance of third-dose ‘booster’ programmes. Here, we report on the impact of 4- versus 12-week priming intervals on reactogenicity and the persistence of immune response up to 6 months following homologous and heterologous priming schedules using BNT162b2 (BNT, tozinameran, Comirnaty, Pfizer/BioNTech) and ChAdOx1 nCoV-19 (ChAd, Vaxzevria, AstraZeneca).
Methods
Com-COV is a participant-blinded, randomised immunogenicity trial. Results are reported here for the ‘General’ cohort, in which adults aged over 50 years were randomised to four homologous and heterologous schedules using BNT and ChAd with 4- or 12-week priming intervals. Immunogenicity analyses were on the intention-to-treat population (ITT), without evidence of COVID-19 infection at baseline or for the trial duration, with the purpose of describing the effect of priming interval on humoral and cellular immune response at peak and later timepoints, in addition to the effects on reactogenicity and safety
Findings
Between 11th–26th Feb 2021, 730 participants were randomised in the general cohort, with 77-89  per arm in the ITT analysis. At 28-days and 6-months post-second dose, the geometric mean concentration (GMC) of anti-SARS-CoV-2 spike IgG was significantly higher in 12- versus 4-week interval arms for homologous schedules. In heterologous arms, there was only a significant difference between intervals for the BNT/ChAd arm at 28-days. Pseudotyped virus neutralisation titres were significantly higher in all 12-week versus 4-week schedules, 28-days post-second dose, with geometric mean ratios 1.4 (95%CI: 1.1-1.8, BNT/BNT), 1.5 (95%CI: 1.2-1.9, ChAd/BNT), 1.6 (95%CI 1.3-2.1, BNT/ChAd) and2.4 (95%CI: 1.7-3.2, ChAd/ChAd).   At 6 months post-second dose, anti-spike IgG GMCs fell to 0.17-0.24 of the 28-day post-second dose value across all eight study arms, with only BNT/BNT displaying a slightly slower decay for the 12-week versus 4-week schedule in the adjusted analysis. The rank order of schedules by humoral response was unaffected by interval with BNT/BNT remaining the most immunogenic by antibody response. T-cell responses were reduced in all 12-week priming intervals versus their 4-week counterparts. 12-week schedules for BNT/BNT and ChAd/BNT schedules were up to 80% less reactogenic than 4-week schedules.
Interpretation
These data support flexibility in priming interval in all studied COVID-19 vaccine schedules. Longer priming intervals may result in lower reactogenicity in schedules with BNT as a second-dose and higher humoral immunogenicity in homologous schedules, but overall lower T-cell responses across all schedules. Future vaccines employing these novel platforms may benefit from prolonged-interval schedules. ISRCTN:69254139, EudraCT:2020-005085-33.
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Introduction
Com-COV is a participant-blinded randomised study investigating the safety, reactogenicity and immunogenicity of heterologous and homologous primary COVID-19 immunisation schedules using BNT162b2 (tozinameran, Comirnaty, Pfizer/BioNTech, hereafter BNT) and ChAdOx1 nCoV-19 (Vaxzevria, AstraZeneca, hereafter ChAd). Previously reported data from 4-week interval schedules show greater systemic reactogenicity in heterologous schedules (1,2). At 28 days following the second dose, anti-SARS-CoV-2 IgG concentrations were highest in the homologous BNT/BNT and heterologous ChAd/BNT schedules, whereas measured T-cell responses at 14- and 28-days post-second dose were highest in the ChAd/BNT schedule. 
Based on the primary findings of Com-COV and other studies (1-4), the World Health Organisation has issued guidance on the use of heterologous COVID vaccination (5) and many national primary immunisation campaigns have deployed schedules using combinations of viral vector and mRNA vaccines (6-8). Pressures on vaccine supply and logistical difficulties in global vaccine distribution (9) have resulted in many national vaccine programmes, including the UK (10), extending the priming interval beyond initial manufacturer recommendations (11). For ChAd/ChAd, this was supported by non-randomised, post-hoc trial analyses suggesting improved immunogenicity and efficacy (12), which contributed to the WHO recommendation to prolong the ChAd/ChAd interval from four to 8-12 weeks (13). Latterly, observational data from the UK Health Security Agency suggest that a prolonged priming interval increases both humoral immunogenicity and vaccine effectiveness for BNT/BNT, but does so less clearly for ChAd/ChAd, although analyses were confounded by significant differences in baseline populations (14). 
To date there have been no published randomised data on the impact of short versus long intervals for primary immunisation on reactogenicity and initial immunogenicity of these vaccines, whether given in homologous or heterologous schedules. Similarly, there are no randomised data on the long-term maintenance of immunity against both ancestral and variant strains, which is of particular relevance in the context of many countries choosing to deploy ‘third dose’ booster immunisations due to concerns regarding waning vaccine effectiveness and in countries planning their primary immunisation programmes. 
Accordingly, we present secondary analyses from Com-COV, examining the effect of interval on reactogenicity, peak immune response and waning of immune response, as these data are key to guiding national immunisation programmes’ decisions for priming interval as well as if and when to deliver booster programmes. Additionally, we present the effect of prophylactic paracetamol on reactogenicity and immunogenicity given previous concerns about increased reactogenicity following 4-week heterologous versus homologous schedules.

Methods
Trial Design & Oversight, Participants, Laboratory Methods, Treatments, Endpoints, Safety
The trial (ISRCTN: 69254139, protocol available https://comcovstudy.org.uk/ and in supplementary appendix) has been previously reported (2). In brief, two COVID-19 vaccines were used: ChAd and BNT. In the general cohort, participants (N=730) were randomised to one of four permutations of priming schedules (ChAd/ChAd, ChAd/BNT, BNT/BNT, BNT/ChAd), at two priming intervals (4 and 12 weeks). An additional immunology cohort of participants (N=100) were separately randomised to 4-week arms only with extra early study visits to characterise the initial cellular response. Randomisation and masking are described in the appendix. The trial was approved by the South-Central Berkshire Research Ethics Committee (21/SC/0022), the University of Oxford, the Medicines and Healthcare Products Regulatory Agency (MHRA) and the NHS Research Ethics Service (UK Human Research Authority).  An independent data safety monitoring board (DSMB) reviewed safety data, and local trial-site physicians provided oversight of all adverse events in real-time.
Given concerns regarding increased reactogenicity with heterologous 4-week schedules, the study protocol was amended to include a voluntary paracetamol sub-study for participants receiving their second dose at a 12-week interval, at the point of their second dose. Consenting participants were randomised to receive advice to take a) paracetamol soon after immunisation, and three further doses over the next 24 hours regardless of symptoms (prophylactic paracetamol) or b) paracetamol if they became symptomatic (reactive paracetamol). Participant e-diaries were monitored with three additional ‘yes-no’ questions regarding the impact on daily activities. 
COVID-19 vaccine-naïve adults aged 50 years and older, with no or well-controlled mild-moderate comorbidities and no history of laboratory confirmed SARS-CoV-2 infection were eligible. Full inclusion and exclusion criteria are in the protocol.  Adverse events (AEs) were collected as per study protocol.
Anti-spike IgG, T-cell ELISpot and pseudotyped virus neutralising antibody titres, 28 days post-second dose in participants vaccinated at a 4-week interval have already been reported (2). The key outcomes reported in this manuscript are the effects of priming interval on these immunological outcomes and later timepoints. 
Of note, the evaluation of persistence was impacted by the rapid roll out of the national third dose ‘booster’ campaign. Although final blood tests were brought forward to accommodate this, the final outcome was that only approximately half of the 4-week interval participants had their final visit and so data from this final visit was not used in the final interval comparison analysis. These comparisons are therefore conducted on the 5-month timepoint, post-second dose for the 4-week participants and a 6-month timepoint for 12-week participants, although the timing of this visit was more variable. The median time post-second dose were 5.1 and 6 months, respectively (hereafter, 6-month was used to refer to the time points in the 4-week and 12-week arms).  
Assays have been previously described (2, 15-17). In brief, sera were analysed at Nexelis, (Laval, Canada) to determine SARS-CoV-2 anti-spike IgG concentrations by ELISA and 50% Neutralising Antibody Titre (NT50) for SARS-CoV-2 pseudotype virus neutralisation assay (PNA), using a vesicular stomatitis virus backbone adapted to bear the spike protein of an ancestral SARS-CoV-2 strain (18). The conversion factors to international standard units can be found in the supplementary appendix. Sera were analysed at Porton Down, UK Health Security Agency, by ECLIA (Cobas platform, Roche Diagnostics) to determine anti-SARS-CoV-2 nucleocapsid IgG status. Interferon-gamma secreting T-cells specific to whole spike protein epitopes based on the ancestral Wuhan-Hu-1 sequence (YP_009724390.1) were detected on fresh samples using a modified T-SPOT-Discovery test performed at Oxford Immunotec (Abingdon, UK). The assay was repeated on frozen samples for the Wuhan-Hu-1 sequence as well as Beta (B.1.351) and Delta (B.1.617.2) variants (19). T cell frequencies were reported as spot forming cells (SFC) per 250,000 PBMCs with a lower limit of detection of one in 250,000 PBMCs, and these results multiplied by four to express frequencies per 106 PBMCs. Microneutralisation assays (MNA) to determine 50% focus reduction neutralisation titres (FRNT50) for live SARS-CoV-2 virus lineages (SARS-CoV-2/human/AUS/VIC01/2020, Beta B.1.351, Delta B.1.617.1 and Omicron B.1.1.529) were performed at the University of Oxford.
Participants who tested positive for SARS-CoV2 during the trial (symptomatic or asymptomatic) were reviewed at an additional safety visit.
[bookmark: _GoBack]The study is funded by the UK Government through the National Institute for Health Research (NIHR) and the Vaccine Task Force (VTF). The funders had no role in data collection, analysis, interpretation, analysis of the manuscript or decision to submit.
Statistical analysis
The sample size calculation has been described in the previous report (2). The focus of this further manuscript is an exploratory analysis of the original trial, evaluating the impact of interval on different vaccine schedules and therefore no formal sample size power calculation was conducted for this analysis. All analyses were conducted on an intention-to-treat (ITT) basis. The immunogenicity analysis population consists of participants with no evidence of COVID-19 infection, defined as self-reported COVID-19 infection or anti-nucleocapsid IgG ≥1.0, up until 6-months post second dose. For the 28 days post-second dose timepoint, the geometric mean ratio (GMR) with 95% confidence intervals (CI) was calculated as the antilogarithm of the difference between the mean of the log10 transformed titre in the 12-week interval arm with the 4-week arm as reference, after adjusting for study site as a randomisation stratification variable and paracetamol usage in the first 24 hours post-second dose in the linear regression model (as only 12-week arms were randomised to the paracetamol sub-study). Since the timing of the 6-month post second dose visit was slightly different between 4- and 12-week interval arms, we further adjusted the day post-second dose in the linear regression model to estimate the GMR for the 6-month post-second dose timepoint. Sensitivity analyses included participants in the immunology cohort. The interactions between schedules (heterologous/homologous) and intervals (4-week/12-week) were further explored by the above linear regression model after further adjusting for age, sex and ethnicity. Subgroup analyses were conducted by age, sex and baseline comorbidities. P values for interaction between subgroups and interval were reported using the Wald test, and the two-sided significance level for interaction was set at 0.0014 using Bonferroni correction (36 interaction tests). Due to the rollout of the national 3rd dose ‘booster’ vaccine programme, it was expected the proportion of withdrawals in the 12-week interval group would be higher than the 4-week interval group at the visit conducted 6 months post 2nd dose. Accordingly, the immunogenicity at 28 days and 3 months post 2nd dose were compared between participants with missing versus available data at 6-months to explore any potential bias caused by the missing data.
The analysis population for safety and reactogenicity included all participants who had received at least one dose of study vaccine. To describe the presence/absence of each solicited AE, logistic regression models were fitted, adjusting for study site and any paracetamol use in the first 24 hours to evaluate the impact of interval on reactogenicity.  In the paracetamol sub-study amongst 12-week interval participants, the analysis population was all participants consented to the sub-study with available endpoint data. The analyses were conducted on an ITT basis and the comparisons for reactogenicity and immunogenicity between prophylactic and reactive paracetamol use arms were reported following the statistical analysis above using prophylactic paracetamol arm as the reference.

All statistical analyses were carried out using R version 4.1.1 (2021-08-10), SAS v9.4 and Stata 17. 
Results 
Demographics
Between 11th-26th February 2021, 975 participants were screened at eight study sites across England, of whom 830 were randomised into the study. Of these, 100 participants were separately randomised into the immunology cohort, with a 4-week interval (Supplementary Table 1) and 730 were enrolled into the general cohort (Table 1). Within the general cohort, participants were randomised to one of eight arms. The mean age of participants in the general cohort was 58.0 years (SD 4.7) with 44.2% female participants and 22.6% from non-Caucasian ethnic backgrounds. Baseline characteristics were well-balanced across all arms, with the exception of comorbidity frequency.  After excluding 36 participants who were seropositive at baseline and another 30 participants with evidence of COVID-19 infection before 6 months post second dose within the trial, the immunogenicity analysis to compare 4-week and 12-week interval arms included 664 participants (Supplementary Figure 1). 
Immunogenicity
Homologous schedules, ChAd/ChAd and BNT/BNT, had significantly increased anti-spike binding IgG titre in 12- versus 4-week schedules at both 28 days and 6 months post-second dose. This was true only at 28 days for BNT/ChAd and there was no statistically significant difference between intervals for ChAd/BNT at either timepoint (Figures 1 & 2, Supplementary Figure 2). All schedules showed a statistically significant increase with the 12-week interval in pseudotyped virus neutralisation titre against the Victoria strain at 28 days post-second dose, with GMRs of 1.4 (95%CI: 1.1-1.8, BNT/BNT), 1.5 (95%CI: 1.2-1.9, ChAd/BNT), 1.6 (95%CI 1.3-2.1, BNT/ChAd) and 2.4 (95%CI: 1.7-3.2, ChAd/ChAd) (Figure 1). Overall, regardless of interval, the rank order of schedules (BNT/BNT, ChAd/BNT, BNT/ChAd followed by ChAd/ChAd) did not change post-second dose. However, the magnitude of difference between both sets of respective homologous and heterologous schedules was reduced in 12-week schedules (Supplementary Table 2). The decay rate of anti-spike IgG between 28 days and 6 months post-second dose were similar between the 4-week and 12-week interval arms, except that the 12-week interval showed a slightly slower decay rate compared with 4-week for BNT/BNT in the adjusted analysis. Similar levels of anti-spike IgG at 28-days and 3-month post-boost between those with and without 6-month post-boost anti-spike IgG data missing in the 12-week interval arms (Supplementary Table 3).
In contrast, T-cell ELISpot counts were all approximately one third lower in 12- vs 4-week schedules in ChAd/ChAd, BNT/BNT and ChAd/BNT, with a greater reduction of two thirds seen in BNT/ ChAd: GMR 0.35 (95% CI: 0.22-0.54). This difference was maintained at 6 months post second dose (Figure 1). Regardless of interval ChAd/BNT generated the highest cellular immune response, however the other three schedules converged at longer timepoints when the longer interval was used.  ELISpot counts after the second dose, were comparable between intervals when measured from time after first dose for BNT/BNT, ChAd/BNT and ChAd/ChAd (Supplementary Figure 2). 
Consistent results were observed in sensitivity analyses (Supplementary Figure 3) as well as by subgroup analysis for the impact of interval on humoral and cellular immunogenicity (Supplementary Figure 4). 
Sera from 12-week participants show apparent reductions in neutralising titre against Beta, Delta and Omicron variants when compared to the Victoria strain at 28 days and 3 months post-second dose, (Supplementary Figure 5). There were no differences in the reduction of neutralising titres against variants of concern between the four arms, and hence no differences in the rank order of schedules. There were no differences in T-cell ELISpot count (Beta and Delta only) elicited across variants (Supplementary Table 4 & Supplementary Figure 6). 
The paracetamol sub-study (Figure 3 & Supplementary Table 5 & Supplementary Figure 7) did not show a statistically significant advantage for reactive paracetamol over prophylactic paracetamol in terms of the magnitude of humoral immune response.
Reactogenicity
Extending the interval from 4 to 12 weeks dramatically reduced the frequency of nearly all systemic solicited adverse events in those receiving BNT as a second dose, regardless of prime by up to 80%. ChAd/ChAd reactogenicity was increased in the 12-week schedule, but given the low level of reactogenicity in the 4-week schedule, this absolute increase was small. The frequency of systemic solicited events in those receiving ChAd/BNTwas not affected, nor was the frequency or severity of local symptoms in any schedule (Figure 4). The 12-week heterologous schedules were therefore still associated with greater systemic reactogenicity than homologous schedules, but the magnitude of the difference was generally less than in 4-week schedules (Supplementary Figures 8 & 9), and was still limited to the first 48 hours (Supplementary Figure 10).
Within the paracetamol sub-study, performed amongst 12-week participants only, there was no difference in local symptoms between any study schedule for those advised for prophylactic versus reactive paracetamol. Headache was less frequently reported in all prophylactic paracetamol arms. The adherence of paracetamol usage in the prophylactic group was 88-98%, whereas the rates of reactive paracetamol usage in the first 24 hours varied 29-73% across schedules, mirroring their respective reactogenicity (Supplementary Table 6). BNT/ChAd was the most reactogenic schedule and had the largest reduction in frequency of systemic symptoms with prophylactic paracetamol, (Supplementary Figure 11). Observations were similar when comparing 4-week interval participants to either all 12-week participants or only those randomised to reactive paracetamol.
Advice for prophylactic or reactive paracetamol overall was not shown to affect activities of daily living, ability to attend work or the seeking of medical attention. Absolute numbers of those who were affected in this manner were low across all arms (Supplementary Figure 12).
Safety
Between enrolment and 22nd October 2021 there were 1004 adverse events in 462 participants (Supplementary Table 7), proportionally split across arms. Descriptions of all non-serious AEs of grade 3 or above are presented in Supplementary Table 8. There were five AEs of special interest (excluding SARS-CoV-2/COVID-19 events) (Supplementary Table 9) and eleven serious AEs across all arms (Supplementary Table 10). One of these was deemed possibly related to immunisation (IgA nephropathy/minimal change disease overlap, possibly precipitated by COVID-19 infection soon after first dose of BNT). The participant is under further follow up with regards to an ongoing fall in renal function. Forty participants tested positive for SARS-CoV-2 (all but four cases occurred at least 2 weeks post second dose). Combining over both intervals these were distributed by group as ChAd/ChAd (eleven), ChAd/BNT (nine), BNT/BNT (eleven), BNT/ChAd (seven) (Supplementary Table 11).  No participants were hospitalised. 
Discussion
Here we report the first randomised data elucidating the impact of interval and prophylactic paracetamol for homologous and heterologous priming schedules deploying ChAd and BNT. Prolonged intervals enhanced the maximal humoral neutralising immune response for all schedules, 28-days post-second dose. Statistically significant increases in binding antibody response were present only for ChAd/ChAd, BNT/BNT and BNT/ChAd at the same timepoint. The difference was maintained at the 6-month timepoint only in homologous schedules. Reduced cellular responses were observed for all schedules with a 12-week interval. Prolonged intervals additionally had a slightly reduced rate of antibody decay in BNT/BNT. Finally, prolonged intervals dramatically reduced second dose systemic reactogenicity in schedules with BNT as the second dose. There were no safety concerns. 
Immunogenicity
The rank order of schedules of maximal or later humoral responses was not affected by interval, with the most immunogenic schedule remaining BNT/BNT, i.e. the vaccines which were used as part of the schedule had a greater effect on immunogenicity than changing the interval between doses. The larger proportional increase in humoral response in a prolonged interval for ChAd/ChAd may well translate into increased efficacy, as suggested by non-randomised data from a randomised control trial (12). Contrastingly, although an observational study of immunogenicity and national effectiveness (14) suggested that both of these increased with longer priming intervals for BNT/BNT, the effect was not as evident for ChAd/ChAd. However, this study was not randomised with significant differences between baseline vaccinated populations. This limitation also applies to the UK National COVID survey, which showed a contrasting finding of no impact of interval on effectiveness for BNT/BNT (20). 
Despite some statistically significant results within the paracetamol sub-study, the small advantages noted in some assay read-outs are likely due to chance as a result of the large number of comparisons, with prophylactic paracetamol unlikely to have a significant impact on immunogenicity, although further work may be required to clarify this. 
T-cell ELISpot counts were lower 28 days post-second dose for those with a 12-week interval than those with a 4-week interval. The biological significance of this reduction is unclear since in the UK programme, which predominantly used prolonged priming intervals, protection against severe disease has been maintained longer than protection against symptomatic infection (21), but these results are consistent with non-randomised studies (14,17). Interestingly, for the commonly used schedules (ChAd/ChAd, ChAd/BNT and BNT/BNT), the T-cell ELISpot level achieved after 12-week boost coincided with the waning level of T-cell response after 4-week schedule and followed the same waning trajectory, suggesting that the time from prime may play an important role in the T-cell response to the second antigenic exposure and this will require further exploratory immunological work to elucidate.
Reactogenicity
Schedules with a BNT second dose have lower reactogenicity with a prolonged interval, whereas ChAd/ChAd, which had a low level of second dose reactogenicity demonstrated a small increase. High rates of reactogenicity seem always to accompany the first exposure to the ChAd vaccine, regardless of whether this is the first or second vaccine dose. There is not a clear association between reactogenicity and immunogenicity. 
Within the paracetamol sub-study, the clearest reduction in reactogenicity with prophylactic paracetamol was in the most reactogenic arm (BNT/ChAd), with lower baseline reactogenicity and small group sizes likely contributing to the lack of clear effect in other schedules. Liberal use of paracetamol in the reactive groups likely further reduced measurable differences. This sub-study also potentially confounds the reactogenicity interval comparison, as it will have increased overall paracetamol usage in 12-week schedules, however, comparison of 4-week to 12-week participants randomised to advice for reactive paracetamol revealed similar patterns and the comparisons between intervals were adjusted for paracetamol use. With these caveats, advice for prophylactic paracetamol might be considered for deployment routinely by national immunisation programmes and would be worth assessing in the context of ‘booster’ doses, as there was no substantial effect of advice for prophylactic paracetamol on immunogenicity demonstrated.
Limitations
The sample size of the trial was calculated to assess non-inferiority of the primary endpoints and was therefore not powered to detect significant differences amongst the additional assays conducted to assess immunological activity against variants. T-cell ELISpot assays on variants of concern were performed on frozen samples, by necessity, and this may adversely affect the sensitivity of the assay and therefore its ability to detect differences between variants of concern. Due to sample size and design, as well as low SARS-CoV2 positivity across all arms, our data do not allow comment on vaccine effectiveness. However, a Swedish nationwide cohort study (22) suggests that ChAd/mRNA schedules may be more effective than ChAd/ChAd. The applicability of these findings to a younger cohort is unclear, however, previous efficacy trials suggest the immunogenic differences after two doses, between older and younger adults were minimal, and the similarity with results from the PITCH study, suggests that our results might have broader external validity (17). 
Conclusion
In conclusion, our study suggests that the choice of vaccines used in a COVID-19 priming schedule had a greater effect on immunogenicity than the dose interval. Nonetheless, both heterologous and homologous schedules utilising ChAd and BNT induce robust immune responses with a 12-week interval comparable or greater than the schedules with 4-week intervals, allowing for greater flexibility in vaccine deployment, both in terms of which vaccines are included in a schedule and interval. For BNT/BNT, a longer interval had a slightly slower rate of decay than its respective shorter interval counterpart. This may be relevant when considering how the waning of immunity may impact the decision for, and timing of, booster immunisation programmes. This may well indicate a difference in immunological development by challenging the immune response with a second antigenic exposure at a different point in the immune maturation process following priming and requires further investigation to elucidate.
National immunisation programmes will consider many factors when deciding how to deliver vaccine doses, including vaccine availability, risk of disruption to vaccine supply, healthcare infrastructure, current and projected rates of COVID-19 transmission and public health messaging. When comparing shorter to longer intervals, policy makers are faced with a decision for higher antibody levels sooner, which may be preferable in high transmission settings, when rapid deployment of vaccines is essential, logistically possible, and supply is abundant. Alternatively, lower levels of antibody initially, but a higher level subsequently and for longer, may be achievable in lower transmission settings and are potentially better suited to lower vaccine supply rates and constrained logistics. Importantly, this randomised controlled trial provides a robust evidence base on which to base these decisions. These unique data may also be used to optimise immunogenicity and minimise reactogenicity for future deployment of these novel platforms against non-COVID-19 pathogens.






Research in context
Evidence before this study 
Rapid global roll out of multiple national COVID-19 immunisation programmes has resulted in a number of countries adopting varying schedules, including heterologous schedules. Vaccine supply and logistical constraints have also results in the interval between first and second doses being inconsistent. Previous Com-COV results have shown good humoral and cellular immune responses to all homologous and heterologous schedules involving ChAd and BNT when given at a 28-day priming interval, however, the impact of priming interval on immunogenicity is not fully understood. The original ChAd efficacy trial shows an increase in immunogenicity and efficacy with a prolonged priming interval and non-randomised data from the PITCH study suggest that prolonging priming interval in BNT/BNT modestly increases the humoral response and may have an impact on the profile of the cellular response, with the proportion of CD4 positive, IL-2 producing T-cells increasing with a prolonged priming – however, it is not clear whether this change in profile is due to the difference in interval difference or the time elapsed since first dose. 
We searched PubMed for research articles published between database inception and 1st March 2022 using the search terms (COVID) AND (Vaccin*) AND ((Heterologous) OR (Interval)) NOT (BCG) with no language restrictions. Besides our previously published reactogenicity and immunogenicity results: There were five cohort studies which found variable increases in binding or neutralising antibody titre ranging from 1.5 to 9 times greater in longer compared to shorter interval groups . Additionally, a further cohort study found no difference in antibody response for interval for inactivated vaccines. All these studies were non-randomised with differences in their baseline populations as well as significant variability in the priming intervals received by their participants as well as the timing of antibody level measurement. Aside from the PITCH consortium, all these studies suffered from very low numbers of participants. None of these studies evaluated vaccine schedules other than those including only mRNA vaccines.
Three statistical modelling studies took into account the overall benefit of prolonging priming interval without considering differences in immune response, with one suggesting that delaying the second dose to approximately 12 weeks would have a positive impact on death and hospitalisation in the context of increasing numbers of cases.
Added Value of this study
We report the results on immunogenicity, reactogenicity and safety of the first participant-blinded randomised clinical trial using two vaccines approved by WHO for emergency use, ChAd and BNT, when administered at a 12-week interval in heterologous and homologous vaccine schedules (ChAd/ChAd, ChAd/BNT, BNT/BNT, BNT/ChAd), which more closely mirrors the real-world vaccine roll out across many different countries. We also show the impact of prolonging priming interval on reactogenicity, peak immune response and decay rate of these schedules. The maximal humoral responses in the 12-week schedule were all at least as great as those in the equivalent 4-week schedules and the decay rate of humoral response was reduced in the prolonged BNT/BNT schedule. Reactogenicity at the second dose was dramatically reduced in 12-week schedules with BNT as a second-dose. This lends support to the decision by many national immunisation programmes to add flexibility to the priming interval and informs future vaccine development for non-COVID pathogens. No safety concerns were raised.
Implications of all the available evidence
Delivery of COVID-19 vaccines to large proportions of the world has large logistical implications especially in low and middle income countries whose healthcare and public health infrastructures may not be as robust. The results from this study support flexibility in use both of heterologous priming schedules as well as prolongation of priming interval, which may help to mitigate some of these logistical challenges. There is also evidence that, where feasible, prolonged interval schedules may be preferable in order to increase the magnitude of humoral response and reduce the rate of humoral decay, which may ultimately correlate with better levels of protection against COVID-19 over time. These data will inform the development of future vaccines and vaccine schedules against non-COVID pathogens.
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[bookmark: _Ref88914376][bookmark: _Ref88906436]Table 1. Baseline demographics and characteristics by cohort and study arm in the general cohort 
	
	4-week interval study arms
	12-week interval study arms
	Overall
(N=664)

	
	ChAd/ChAd
 (N=83)
	ChAd/BNT
 (N=83)
	BNT/BNT 
 (N=84)
	BNT/ChAd 
 (N=83)
	ChAd/ChAd
 (N=89)
	ChAd/BNT 
 (N=77)
	BNT/BNT 
 (N=87)
	BNT/ChAd
 (N=78)
	

	Age (years)

	    Mean (SD)
	58.4 (4.78)
	58.3 (4.76)
	58.3 (4.97)
	57.5 (4.62)
	57.6 (5.06)
	58.8 (4.44)
	58.2 (4.60)
	58.2 (4.41)
	58.2 (4.71)

	    Median (range)
	57.6 (50.1, 69.1)
	58.1 (50.3, 68.1)
	57.6 (50.2, 69.3)
	56.7 (50.5, 68.9)
	57.7 (50.1, 70.0)
	58.5 (51.2, 72.7)
	57.2 (50.1, 69.8)
	58.4 (50.8, 68.0)
	57.7 (50.1, 72.7)

	50-59 years
	50 (60.2%)
	50 (60.2%)
	55 (65.5%)
	61 (73.5%)
	63 (70.8%)
	49 (63.6.5%)
	55 (63.2%)
	50 (64.1%)
	433 (65.2%)

	≥60 years
	33 (39.8%)
	33(39.8%)
	29 (34.5%)
	22 (26.5%)
	26 (29.2%)
	28 (36.4%)
	32 (36.8%)
	28 (35.9%)
	231 (34.8%)

	Gender

	    Female
	34 (41.0%)
	36 (43.4%)
	42 (50.0%)
	38 (45.8%)
	42 (47.2%)
	33 (42.9%)
	40 (46.0%)
	29 (37.2%)
	294 (44.3%)

	    Male
	49 (59.0%)
	47 (56.6%)
	42 (50.0%)
	45 (54.2%)
	47 (52.8%)
	44 (57.1%)
	47 (54.0%)
	49 (62.8%)
	370 (55.7%)

	Ethnicity

	    White
	66 (79.5%)
	62 (74.7%)
	68 (81.0%)
	60 (72.3%)
	68 (76.4%)
	60 (77.9%)
	67 (77.0%)
	62 (79.5%)
	513 (77.3%)

	    Black
	1 (1.2%)
	1 (1.2%)
	 
	2 (2.4%)
	3 (3.4%)
	1 (1.3%)
	2 (2.3%)
	1 (1.3%)
	11 (1.7%)

	    Asian
	12 (14.5%)
	13 (15.7%)
	6 (7.1%)
	9 (10.8%)
	8 (9.0%)
	10 (13.0%)
	9 (10.3%)
	9 (11.5%)
	76 (11.4%)

	    Mixed
	4 (4.8%)
	5 (6.0%)
	8 (9.5%)
	9 (10.8%)
	7 (7.9%)
	5 (6.5%)
	6 (6.9%)
	4 (5.1%)
	48 (7.2%)

	    Other
	 
	2 (2.4%)
	2 (2.4%)
	3 (3.6%)
	3 (3.4%)
	1 (1.3%)
	3 (3.4%)
	2 (2.6%)
	16 (2.4%)

	Comorbidities

	    Cardiovascular
	19 (22.9%)
	16 (19.3%)
	16 (19.0%)
	20 (24.1%)
	17 (19.1%)
	21 (27.3%)
	16 (18.4%)
	18 (23.1%)
	143 (21.5%)

	    Respiratory
	13 (15.7%)
	10 (12.0%)
	9 (10.7%)
	11 (13.3%)
	7 (7.9%)
	8 (10.4%)
	12 (13.8%)
	9 (11.5%)
	79 (11.9%)

	    Diabetes
	7 (8.4%)
	8 (9.6%)
	 
	2 (2.4%)
	2 (2.2%)
	1 (1.3%)
	1 (1.1%)
	4 (5.1%)
	25 (3.8%)

	Timing of six month visit (days since second dose) 

	    Mean (SD)
	153 (5)
	154 (7)
	153 (6)
	154 (5)
	176 (19)
	178 (19)
	177 (15)
	176 (17)
	164 (17)

	    Median (range)
	154 (139, 171)
	154 (142, 198)
	154 (120, 174)
	154 (141, 168)
	180 (138, 225)
	179 (141, 239)
	181 (140, 208)
	176 (138, 223)
	154 (120, 239)


SD: standard deviation

[bookmark: _Ref96532255][bookmark: _Ref88920655][bookmark: _Ref94876743]Figure 1. Immune responses between 4-week and 12-week interval at 28 days and 6 months post second dose in the general cohort
Data presented are the geometric means and 95% confidence intervals; Fold changes were calculated by dividing the immune response at 6-months post-second dose by that at the 28-day post-second dose; Geometric mean ratios (GMRs) between schedules with 4- and 12-week intervals were adjusted for study site and paracetamol usage in the first 24 hours post-vaccination (yes/no) for the 28-day data; 6-month visit time (days) was further adjusted for the 6-month data and fold change. The dotted line refers to GMR of one, where there is no difference between 4- and 12-week interval arms. 
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[bookmark: _Ref96534221]Figure 2. Kinetics of immune response over time with all schedules normalised by time of second dose in the seronegative general cohort A) Anti-spike IgG titre, B) T-cell ELISpot count
D0 refers to time of second dose; Data points are geometric mean concentrations, with whiskers showing the 95% confidence intervals. Numbers of participants per timepoint are displayed in Supplementary table 12
A)  

B)
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[bookmark: _Ref96534490][bookmark: _Ref94876789][bookmark: _Ref96534006]Figure 3. Immune responses between prophylactic and reactive paracetamol use at 28 days, 3 months, and 6 months post second dose in the 12-week interval arms
GM: geometric mean; GMR: geometric mean ratio; NT50: 50% neutralisation titre; FRNT50: 50% Focal reduction neutralisation titre; WT: wild-type; SFC: Spot-forming cells; PBMC: Peripheral blood mononuclear cells; ELU/mL: ELISA units per mL;  Data shown are geometric mean (95% Confidence Interval) in the ITT population; GMRs and two-sided 95% CIs were adjusted for study site, age, gender and pre-boost immunogenicity (anti-spike IgG for humoral responses, and ELISpot for cellular response). Numbers of participants per timepoint are displayed in Supplementary table 12  
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Figure 4. Forest plots of solicited adverse events in days 0-7 post second dose by study arm comparing 12-week interval groups to 4-week interval groups in the general cohort, A) ChAd/ChAd, B) ChAd/BNT, C) BNT/BNT, D) BNT/ChAd
AE: adverse event; CI: confidence interval; OR: odds ratio. Models adjusted for paracetamol recommendation(reactive/prophylactic use). Models with no adjusted OR were non-estimable due to few events in that study arm. The dotted line is the line of no difference between 4- and 12-week interval groups.  
 A)
[image: C:\Users\mgreenland\Nexus365\Xinxue Liu - 2021_12 COMCOV persistence\4.Output\forestplot_chadchad v5.png]

B) 
[image: C:\Users\mgreenland\Nexus365\Xinxue Liu - 2021_12 COMCOV persistence\4.Output\forestplot_chadbnt v5.png]


C) [image: C:\Users\mgreenland\Nexus365\Xinxue Liu - 2021_12 COMCOV persistence\4.Output\forestplot_bntbnt v5.png]



D) 
[image: C:\Users\mgreenland\Nexus365\Xinxue Liu - 2021_12 COMCOV persistence\4.Output\forestplot_bntchad v5.png]
image1.png
Anti-spike IgG, ELU/mI

ChAd/ChAd

28 days

6 months

Fold change
ChAd/BNT

28 days

6 months

Fold change
BNT/BNT

28 days

6 months

Fold change
BNT/ChAd

28 days

6 months

Fold change

4-week
GM (95%Cl)

1444 (1205-1732) [n=81]
334 (271-411) [n=77]
0.23 (0.21-0.26) [n=76]

12979 (11217-15018) [n=83]
2236 (1936-2583) [n=80]
0.17 (0.16-0.19) [n=80]

14349 (12470-16511) [n=84]
2612 (2258-3022) [n=81]
0.18 (0.17-0.20) [n=81]

7530 (6811-8325) [n=83]
1748 (1477-2068) [n=81]
0.23 (0.20-0.26) [n=81]

Pseudotype virus neutralising antibody, NT50

ChAd/ChAd

28 days
ChAd/BNT

28 days
BNT/BNT

28 days
BNT/ChAd

28 days

74 (63-89) [n=77]

529 (450-622) [n=82]

585 (500-685) [n=83]

397 (342-460) [n=82]

Cellular response (WT), SFC/1000,000 PBMCs

ChAd/ChAd

28 days

6 months

Fold change
ChAd/BNT

28 days

6 months

Fold change
BNT/BNT

28 days

6 months

Fold change
BNT/ChAd

28 days

6 months

Fold change

48 (38-62) [n=79]
32 (25-41) [n=74]
0.62 (0.49-0.79) [n=73]

186 (148-234) [n=83]
91 (73-114) [n=74]
0.46 (0.36-0.58) [n=74]

72 (54-95) [n=84]
35 (26-47) [n=78]
0.51 (0.38-0.69) [n=78]

98 (73-131) [n=83]
52 (40-69) [n=81]
0.54 (0.41-0.71) [n=81]

12-week
GM (95%Cl)

2622 (2152-3195) [n=88]
661 (516-847) [n=61]
0.24 (0.21-0.26) [n=61]

13465 (11391-15917) [n=76]
2437 (1957-3035) [n=57]
0.17 (0.15-0.19) [n=57]

19011 (16468-21947) [n=85]
3560 (3009-4213) [n=62]
0.19 (0.16-0.22) [n=62]

10642 (8936-12673) [n=76]
2012 (1595-2539) [n=54]
0.19 (0.17-0.22) [n=53]

188 (153-231) [n=86]

781 (646-946) [n=75]

899 (770-1051) [n=81]

645 (529-787) [n=71]

35 (27-44) [n=86]

17 (12-23) [n=57]

0.49 (0.35-0.69) [n=55]

110 (83-145) [n=74]

54 (41-70) [n=54]

0.42 (0.31-0.58) [n=53]

49 (37-64) [N=82]

23 (16-32) [n=55]

0.49 (0.37-0.66) [n=53]

37 (28-49) [n=73]

21 (15-28) [n=52]
0.60 (0.40-0.90) [n=49]

aGMR (95%Cl)

1.6[1.2, 2.1]
1.8[1.1, 2.8]
11[0.82, 1.3]

11[0.82, 1.3]
1.2[0.82, 1.8]
1.1[0.82, 1.3]

1.2[1, 1.5]
1.7[1.2, 2.5]
1.4[1.1,1.8]

1.4[1.1,1.7]
1.3[0.84, 2]
0.93 [0.69, 1.3]

24[1.7,3.2]

1.5[1.2,1.9]

1.4[1.1,1.8]

1.6 [1.3, 2.1]

0.67 [0.46, 0.99]

0.34 [0.19, 0.61]

0.73[0.41, 1.3]

0.59 [0.42, 0.85]

0.48 [0.28, 0.81]

0.95[0.53, 1.7]

0.64 [0.43, 0.96]

0.84 [0.39, 1.8]

1.1[0.55, 2.2]

0.35 [0.22, 0.54]

0.33[0.17, 0.64]
11[0.48, 2.1]

4-week interval higher

12-week interval higher

0.0

1.0

2.0 3.0




image2.jpeg
Anti-spike IgG titre / ELU/mI

100 1000 10000

10

28

98 154 180 212
Days since 2" vaccine dose

—*— ChAd/ChAd-28 - -©- - ChAd/ChAd-84
—*— ChAd/BNT-28 - -0-- ChAd/BNT-84

—»— BNT/BNT-28 - -0-- BNT/BNT-84
—*— BNT/ChAd-28 - -0-- BNT/ChAd-84





image3.jpeg
ELISpot (SFC/10° PBMC)

100 200

50

10

T
98
Days since 2" vaccine dose

—*— ChAd/ChAd-28 - o - ChAd/ChAd-84
—*— ChAd/BNT-28 - -0-- ChAd/BNT-84
—»— BNT/BNT-28 - -0-- BNT/BNT-84
—*— BNT/ChAd-28 - -©- - BNT/ChAd-84





image4.png
Anti-spike IgG, ELU/mI
ChAd/ChAd
28 days
3 months
6 months
ChAd/BNT
28 days
3 months
6 months
BNT/BNT
28 days
3 months
6 months
BNT/ChAd
28 days
3 months
6 months

Prophylactic
GM (95%CIl)

2246 (1633-3088) [n=40]
1350 (966-1886) [n=37]
868 (510-1476) [n=23]

13566 (10624-17323) [n=41]
4742 (3489-6446) [n=40]
2404 (1692-3415) [n=31]

18755 (15192-23153) [n=40]
8879 (7091-11117) [n=39]
3902 (2965-5134) [n=31]

12403 (9750-15780) [n=36]
5212 (3969-6843) [n=33]
2560 (1732-3784) [n=27]

Pseudotype virus neutralising antibody, NT50

ChAd/ChAd

28 days
ChAd/BNT

28 days
BNT/BNT

28 days
BNT/ChAd

28 days

163 (117-226) [n=39]
705 (517-960) [n=39]
969 (771-1218) [n=39]

724 (560-935) [n=32]

Live virus neutralising antibody(WT), FRNT50

ChAd/ChAd
28 days
3 months
ChAd/BNT
28 days
3 months
BNT/BNT
28 days
3 months
BNT/ChAd
28 days
3 months

212 (114-393) [n=23]
107 (62-186) [n=21]

1233 (794-1914) [n=24]
259 (145-463) [n=22]

2295 (1738-3031) [n=24]
647 (459-912) [n=20]

1147 (772-1704) [n=23]
385 (223-666) [n=18]

Live virus neutralising antibody(Beta), FRNT50

ChAd/ChAd
28 days
3 months
ChAd/BNT
28 days
3 months
BNT/BNT
28 days
3 months
BNT/ChAd
28 days
3 months

Live virus neutralising antibody(Delta),

ChAd/ChAd
28 days
3 months
ChAd/BNT
28 days
3 months
BNT/BNT
28 days
3 months
BNT/ChAd
28 days
3 months

38 (19-75) [n=23]
22 (13-38) [n=21]

169 (89-321) [n=24]
33 (18-59) [n=22]

728 (522-1017) [n=24]
105 (70-160) [n=20]

387 (234-640) [n=23]
87 (41-182) [n=18]
FRNT50

58 (30-112) [n=23]
28 (17-47) [n=21]

374 (207-673) [n=24]
66 (33-134) [n=22]

1013 (725-1416) [n=24]
175 (113-271) [n=20]

561 (356-883) [n=23]
148 (82-265) [n=18]

Cellular response (WT), SFC/1000,000 PBMCs

ChAd/ChAd
28 days
3 months
6 months
ChAd/BNT
28 days
3 months
6 months
BNT/BNT
28 days
3 months
6 months
BNT/ChAd
28 days
3 months
6 months

35 (24-51) [n=40]
31 (23-43) [n=35]
29 (17-49) [n=22]

107 (73-157) [n=39]
60 (42-86) [N=39]
60 (42-86) [n=29]

48 (33-72) [n=39]
32 (21-47) [n=40]
22 (12-38) [n=25]

50 (32-79) [n=36]
25 (17-37) [n=32]
27 (16-46) [n=27]

Reactive
GM (95%Cl)

2870 (2139-3851) [n=40]
1425 (1002-2026) [n=40]
729 (474-1121) [n=33]

15821 (12758-19619) [n=39]
6422 (5239-7871) [n=39]
3431 (2364-4980) [n=29]

16937 (13247-21655) [n=38]
7409 (6161-8910) [n=35]
4039 (2995-5446) [n=27]

9601 (7402-12454) [n=37]
3994 (3137-5087) [n=37]
2079 (1485-2912) [n=27]

206 (151-281) [n=39]
990 (788-1244) [n=39]
801 (596-1076) [n=36]
628 (465-847) [n=36]
273 (156-476) [n=24]
100 (56-181) [n=24]

1632 (1158-2301) [n=23]
481 (329-701) [n=22]

1713 (913-3214) [n=19]
749 (558-1004) [n=16]

1302 (919-1844) [n=20]
388 (232-649) [n=20]

70 (38-130) [n=24]
27 (16-46) [n=24]

400 (251-637) [n=23]
62 (37-106) [n=22]

485 (273-860) [n=19]
122 (82-181) [n=16]

342 (214-546) [n=20]
105 (65-171) [n=20]

128 (76-215) [n=24]
30 (17-53) [n=24]

681 (455-1019) [n=23]
132 (83-210) [n=22]

736 (403-1344) [n=19]
244 (168-356) [n=16]

433 (287-654) [n=20]
131 (83-207) [n=20]

41 (30-57) [n=39]
26 (19-36) [n=37]
15 (9-23) [n=29]

139 (102-189) [n=39]
101 (74-138) [n=35]
51 (34-76) [n=31]

41 (28-61) [n=36]
40 (27-60) [n=33]
21 (12-38) [n=24]

43 (28-67) [n=34]
36 (25-53) [n=36]
28 (17-45) [n=25]

aGMR (95%Cl)

1.1[0.75, 1.7]
0.86 [0.53, 1.4]
0.71[0.35, 1.4]

0.97 [0.72, 1.3]
0.87 [0.66, 1.1]
1.1[0.78, 1.7]

0.87 [0.62, 1.2]
0.87 [0.63, 1.2]
0.92 [0.59, 1.4]

1.1[0.7, 1.7]
1.411,1.9]
0.87 [0.65, 1.2]
0.94 [0.65, 1.4]
1.4 [0.65, 3]

0.81[0.38, 1.7]

1.2[0.77, 1.8]
1.7 [0.93, 3.2]

1.1[0.63, 1.8]
1.2[0.82, 1.8]
1.2[0.81, 1.9]
1.1[0.61, 2]

2.1[0.93, 4.6]
1.31[0.6, 3]

1.7 [0.95, 3.2]
1.6 [0.87, 3]

11[0.61, 1.6]
1.2[0.77, 2]

11[0.55, 1.8]
1.4 [0.68, 3]

2.5[1.2, 5.3]
1.1[0.5, 2.6]

1.5[0.81, 2.8]
1.7 [0.85, 3.6]

1.1[0.7, 1.7]
1.5[0.91, 2.5]

0.88 [0.53, 1.5]
1.1[0.6, 1.9]

1.5[0.93, 2.3]
0.84 [0.52, 1.4]
0.71[0.33, 1.5]

1.2[0.81, 1.9]
1.8[1.2, 2.8]
0.91 [0.55, 1.5]

1.2[0.72, 1.9]
1.5[0.86, 2.7]
1.1[0.5, 2.3]

0.73[0.43, 1.3]
1.2[0.75, 2]
0.96 [0.47, 2]

Prophylactic arm higher

Reactive arm higher

0.0 1.0 2.0 3.0




image5.png
ChAd/ChAd

4-week 12-week Adjusted OR
n/N (%) n/N (%) [95% CI]
Local Solicited AEs
Hardness 0/88 (0%) 0/89 (0%)
ltch 3/88 (3%) 4189 (4%) 1.2[0.2, 7.4]
Pain 43/88 (49%)  37/89 (42%) 0.8 [0.4, 1.5]
Redness 0/88 (0%) 1/89 (1%)
Swelling 2/88 (2%) 1/89 (1%)
Warmth 4188 (5%) 12/89 (13%) 411.2,15.7]
Systemic Solicited AEs

Chills 10/88 (11%)  10/89 (11%) 0.9 [0.3, 2.6] :
Fatigue 46/88 (52%)  50/89 (56%) 1.2 0.6, 2.3] —-7
Fever 0/88 (0%) 0/89 (0%)
Feverish 8/88 (9%) 15/89 (17%) 2.51[0.9, 7]
Headache 31/88 (35%)  38/89 (43%) 1.8 [0.9, 3.7]
Joint pain 9/88 (10%) 14/89 (16%) 2.210.8, 5.9]
Malaise 16/88 (18%)  29/89 (33%) 2.5[1.1, 5.6]
Muscle ache 17/88 (19%) 22/89 (25%) 1.6 [0.7, 3.7]
Nausea 9/88 (10%) 14/89 (16%) 2.5[0.9, 6.6]
Vomiting 1/88 (1%) 0/89 (0%)
Diarrhoea 8/88 (9%) 10/89 (11%) 1.6 [0.5, 4.8]

4-week interval higher

12-week interval higher

\!

10




image6.png
ChAd/BNT

4-week 12-week Adjusted OR
n/N (%) n/N (%) [95% CI]
Local Solicited AEs
Hardness 1/86 (1%) 0/84 (0%)
ltch 4186 (5%) 4184 (5%) 0.9 [0.1, 5]
Pain 67/86 (78%)  68/84 (81%) 1.2[0.5, 2.9]
Redness 2/86 (2%) 1/84 (1%) 0.9 [0, 10] :
Swelling 1/86 (1%) 1/84 (1%) 1.9[0.1, 48.5]
Warmth 14/86 (16%)  13/84 (15%) 0.8 0.3, 2.1] —-—
Systemic Solicited AEs
Chills 33/86 (38%)  16/84 (19%) 0.3 [0.1, 0.8]
Fatigue 66/86 (77%)  57/84 (68%) 0.8 [0.3, 1.8] —H
Fever 6/86 (7%) 3/84 (4%)
Feverish 28/86 (33%)  15/84 (18%) 0.5[0.2, 1.2]
Headache 54/86 (63%)  37/84 (44%) 0.6 [0.3, 1.3]
Joint pain 30/86 (35%)  19/84 (23%) 0.5[0.2, 1.2]
Malaise 49/86 (57%)  28/84 (33%) 0.5[0.3, 1.1]
Muscle ache 52/86 (60%)  44/84 (52%) 0.7 [0.3, 1.3]
Nausea 14/86 (16%) 6/84 (7%) 0.2 [0, 0.9]
Vomiting 0/86 (0%) 1/84 (1%)
Diarrhoea 5/86 (6%) 5/84 (6%) 0.7 [0.1, 3.6]

4-week interval higher

\!

12-week interval higher





image7.png
BNT/BNT

4-week 12-week Adjusted OR
n/N (%) n/N (%) [95% CI]
Local Solicited AEs
Hardness 3/90 (3%) 1/91 (1%) 0.6 [0, 4.6] — =
e 4190 (4%)  7/91 (8%) 1.80.4, 7.9] =
Pain 74/90 (82%)  71/91 (78%) 0.8 [0.3, 1.9] _.
Redness 4/90 (4%) 1/91 (1%) 0.4 [0, 2.9] —m
Swelling 5/90 (6%) 2/91 (2%) 03[0, 2] .
Warmth 14/90 (16%)  14/91 (15%) 1.1[0.4, 2.8] .
Systemic Solicited AEs
Chills 25/90 (28%)  11/91 (12%) 0.3[0.1, 0.7] -
Fatigue 53/90 (59%)  41/91 (45%) 0.6[0.3, 1.2] _.__
Fever 2/90 (2%) 2191 (2%) 0.9 [0, 9.2] .
Feverish 21/90 (23%)  11/91 (12%) 0.3[0.1, 0.8] -
Headache  39/90 (43%)  34/91 (37%) 0.8[0.4, 1.5] _.
Joint pain 26/90 (29%)  9/91 (10%) 0.2 [0.1, 0.6] m—
Malaise 33/90 (37%) 2091 (22%) 0.4[0.1, 0.8] -
Muscle ache  37/90 (41%)  24/91 (26%) 0.4[0.2,0.8] -
Nauses 16/90 (17%) ~ 11/91 (12%) 0.7 0.2, 1.7] -
Vomiting 2190 (2%)  0/91(0%)
plarrhoea 6/90 (7%)  7/91(8%) 12[0.3, 4.3] .

4-week interval higher

12-week interval higher
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BNT/ChAd

4-week 12-week Adjusted OR
n/N (%) n/N (%) [95% CI]

Local Solicited AEs
Hardness 3/89 (3%) 2/85 (2%) 11101, 7.1] :
e 9/89 (10%)  6/85 (7%) 1.210.4, 3.4]
Pain 57/89 (64%)  54/85 (64%) 1[0.5, 2] .
Redness 1/89 (1%) 2/85 (2%) 3.5[0.3, 76.9]
Swelling 1789 (1%) 1/85 (1%) 1701, 44.3]
Warmth 14/89 (16%)  17/85 (20%) 1.6 [0.7, 3.8]

Systemic Solicited AEs
Chills 41/89 (46%)  37/85 (44%) 151[0.7, 3]
Fatigue 61/89 (69%)  62/85 (73%) 1.40.6, 3]
Fever 5/89 (6%)  7/85 (8%) 1.4[0.3, 5.5]
revenish 38/89 (43%)  36/85 (42%) 1.1[0.5, 2.1] .
Headache 58/89 (65%)  47/85 (55%) 0.9[0.4, 1.7] :
Joint pain 32/89 (36%)  35/85 (41%) 16[0.8, 3.3]
Malaise 50/89 (56%)  43/85 (51%) 0.8 [0.4, 1.7]
Muscle ache  44/89 (49%)  47/85 (55%) 1.6 [0.8, 3.3]
Nausea 18/89 (20%)  13/85 (15%) 0.8 [0.3, 2] _.
Vomiting 2/89 (2%) 1/85 (1%)
Diarrhoea  10/89 (11%)  12/85 (14%) 0.8[0.2, 25]

4-week interval higher

\!

12-week interval higher

\!
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