Real-world-evidence on different COVID-19 vaccines combinations’

effectiveness in six electronic healthcare data sources
from four pan-European countries
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COVID-19 pandemic crowned the crucial role of real-world-evidence to promptly fuel researchers’, national authorities’, and regulators’ preparedness for
important and urgent healthcare decision-making processes, enriching society’s awareness over the fundaments of decisions through solid communication based on big data.

Calculation of effectiveness and waning of immunity of different COVID-19 primary vaccination (doses 1 and 2) and booster (dose 3) schemes with Comirnaty (PF),
Spikevax (MD), and Vaxzevria (AZ) vaccines in preventing SARS-CoV-2 infection, hospitalization and death with COVID-19.

Study design: Matching 1:1 on the 2nd dose (primary scheme, adults: homologous vs heterologous; children: homologous vs unvaccinated) or 3rd dose (booster, adults:
booster vs non-boosted) vaccination date, dose 1 date and vaccine brand, vaccinees age, sex, geographical region, clinical history, and SARS-CoV-2 infection prior dose 1. Date of
cohort entry: dose 2 (primary scheme) or dose 3 (booster) date. Study Period: December 2020 to December 2021/February 2022 (pre-Delta to Omicron). Population: 20 million
adults and 300,000 children without prior SARS-CoV-2 infection.Data sources: 6 pan-European electronic healthcare data sources: IT: Caserta local health database (CASERTA),
Societa Servizi Informatici (PEDIANET) database; ES: Spanish Pharmacoepidemiological Research Database for Public Health System (BIFAP), the Spanish Sistema d’'Informacid
per el Desenvolupament de la Investigacid en Atencid Primaria (SIDIAP) database; NL: PHARMO Database Network (PHARMO); UK: the British Clinical Practice Research Datalink
(CPRD) Aurum. Statistical Analyses: Incidence rates (IR; 95% confidence intervals (Cl)) and IR differences (95% CI) for each COVID-19 outcome. Inverse probability weighted (IPW)
Cox proportional hazards regression (Cl, 95%) to derive the average hazard ratio (HR) of COVID-19 outcomes. Adjusted % vaccine effectiveness (VE) (vaccinated vs comparator) =1
minus the adjusted HR multiplied by 100 (corresponding Cl calculated as 1-95%). Sensitivity analysis restricting to patients with prior testing for SARS-CoV-2 infection. Coviarates:
comorbidities, medication use, and health care utilization for at least 2 years prior the study period (2018-2020) as potential confounders for the IPW. Reported Results: VE (%) with

statistical significance (otherwise specified).

Adults >17 years old
Homologous vs Heterologous Doses 1 and 2

SARS-CoV-2 infection
Homologous doses 1 and 2 showed a slightly decreased VE compared to heterologous in BIFAP, SIDIAP and CASERTA
The higher protection of heterologous doses1and 2 is mainly due to AZ dose 1
BIFAP: decreased VE of homologous vs heterologous is more marked during the Delta than the Omicron period

Hospitalization and Death with COVID-19

 No differences between homologous and heterologous doses 1-2 for
hospitalization and <5 cases of deaths were found

Adolescents 12-17 years old

Data Control Control Control Exposed Exposed Exposed Crude Lel ucl HR Lcl ucl VE Ll uc Homologous VS Heterologous Doses1and 2
source person-days cases IR/100,000 person-days cases IR/100,000 HR adjusted adjusted
BIFAP 3688819 1252 3394 3654787 1659 4539 136 126 146 1.36 127 147 | 36% | -47% -27% SARS-CoV-2 infection
SIDIAP 2819992 M3 3947 2795362 144] 51.55 132 122 143 133 123 144 | -33% | -44% -23% « Homologous vs heterologous doses 1 and 2 did not show differences
CASERTA 1025786 383 3734 1019832 481 4716 127 1N 146 127 1M 146 | 27% | -46% % o .
Hospitalization and Death with COVID-19
 No or <5 cases of hospitalization or deaths were found

Children and pre-adolescents 5-14 years old
Homologous Doses 1 and 2 vs Unvaccinated

SARS-CoV-2 infection Virus Data Control Control Control Exposed Exposed Exposed Crude Lcl ucl HR LCl ucCl VE LCl  ucl
. . . Variant source person-days cases IR/100,000 person-days cases IR/100,000 HR adjusted adjusted
* PF vaccine was the most used brand. Delta: VE varied across data sources; Omicron: VE B ENEm ST —
decreased in BIFAP. BIFAP 12995173 4347 33.45 13053027 3674 2815 084 080 088 071 068 075] 29% |25% 32%
« Children with prior SARS-CoV-2 infection: PF-MD did not avoid re-infection (vs unvaccinated). SIDIAP 5416515 2769 5112 5463302 1546 2830 055 052 058 051 048 054 49% |46% 52%
. VE duration after dose 2: Delta: 4-5 months; Omicron: reverted to risk after 4to 7 months Delta PHARMO 1114853 865 77.59 1135644 203 17.88 023 020 026 023 019 026 77% |74% 81%
(BIFAP) CASERTA 815461 486 59.60 826263 200 2421 040 034 047 040 034 047] 60% |53% 66%
PEDIANET 137156 64 46.66 138767 27 19.46 042 026 065 030 018 05| 70% |49% 82%
Omicron  BIFAP 5266294 5290  100.45 5014004 8776 175.03 172 166 178 144 139 149| -44% |-49% -39%
o . INSPIRE 24873 728 292.69 257586 433 16810 058 052 065 058 052 065| 42% | 35% 48%
Hospitalization and Death with COVID-19 Hospitalization with COVID-19
* Hospitalization: in BIFAP, VE higher for Delta than Omicron. In SIDIAP, VE of 94% during Delta. =~ SIDIAP 5481653 15 0.27 5482305 <5 002 007 001 050 006 001 048] 94% |52% 99%
. Death: no or <5 cases eite BIFAP 13094135 10 0.08 13094095 <5 0.03 040 013 128 039 012 129 6% |-29% 88%
Omicron  BIFAP 5951612 22 0.37 5952630 17 0.29 077 041 146 050 026 095| 50% 5%  74%
Adults >17 years old
3 doses (Boosted) vs 2 doses (Boosted)
SARS-CoV-2 infection Data Control Control Control Exposed Exposed Exposed Crude HR VE
R Highest VE for PF (Italy) and MD (Ita |y, Netherlands) 3rd dose. VE of AZ 3 doses: 90% (CPRD). source person-days cases IR/100,000 person-c'lay's. 'case's IR/100,000 HR LCI UCI adjusted LCI UCI Jadjusted| LClI UCI
. . Hospitalization with COVID-19
« In Italy: homologous doses 1-2 and any 3@ dose showed higher VE for Omicron (70-73%) than Homologous 3 doses
Delta (66-65%) period. The opposite is observed with heterologous doses 1-2. Overall BIFAP 43269303 1547 3.58 43352456 528 1.22 034 031 038 0.33 03 036 67% |64% 70%
. . : . Overall SIDIAP 8228666 364 4.42 8235337 145 1.76 0.4 033 048 039 032 047| 6% |53% 68%
* |In Spain: Delta, VE was 58-60%; Omicron, VE decreases to 19-36%, (19% in 3 homologous doses). Overall CASERTA 5444106 1 02 5444298 <5 0.04 018 004 082 02 004 09 | 80% [10% 96%
« VE of 39 doses with heterologous doses 1-2 (AZ dose 1): 71% (INSPIRE, PF or MD 3'd dose), 41- PF BIFAP 36172189 1403 3.88 36247190 476 131 034 031 038 033 029 036| 67% |64% 71%
58% in Spain (SIDIAP and BIFAP, respectively: pF 63_34%’ MD 4'7_5'7%) PF SIDIAP 0434452 314 4.88 06440421 118 1.83 038 0.3 0406 0.36 0.29 0.45 64% 55% 71%
. . . : MD BIFAP 7087035 144 2.03 7095187 52 0.73 036 026 05 035 026 049| 65% |51% 74%
« VE 39 doses with homologous doses 1-2: 42-58% in Spain (Omicron: 36%) and Netherlands an MD SIDIAP 1791767 =0 579 1799469 57 g 054 034 086 058 036 094l w00 lex esxn
70% in Italy Delta BIFAP 26209211 831 317 26222885 276 1.05 033 029 038 032 028 037| 68% |63% 72%
« VE with homologous 3 doses: AZ, 90% (CPRD), pF' from 28% (B”:Ap) to 69% (|NSP|RE), MD Dglta SIDIAP 8227633 364 4.42 8234304 145 1.76 04 033 048 0.39 0.32 0.47 61% 53% 68%
o o Omicron BIFAP 17184114 734 427 17221221 256 1.49 035 03 04 033 029 038| 67% |62% 71%
from 41% (BIFAP) to 74% (PHARMO). Omicron CASERTA 2399442 10 0.42 2399592 <5 0.08 02 004 091 022 005 1 78% | 0% 95%
Homologous doses 1-2 and Heterologous dose 3
o ] Overall BIFAP 38599538 1039 2.69 38665590 257 0.66 025 022 028 025 022 029| 75% |71% 78%
Hospitalization with COVID-19 Overall SIDIAP 9187155 401 4.36 9192687 85 0.92 021 017 027 021 017 027 | 79% |73% 83%
. . het | dose 3: 75-79% in Spain (BIFAP, SIDIAP) PFdoses1-2 SIDIAP 5640873 297 527 5645155 65 115 022 017 029 022 017 029| 78% |71% 83%
In Spain. VE heterologous : 0 e r : MD doses1-2 BIFAP 1850896 57 3.08 1854298 12 065 021 0N 039 022 012 041| 78% |59% 88%
* In Spain: VE PF 3 doses: 64-67%; VE MD 3 doses: 42-65%; VE PF doses 1-2 and MD dose 3: 74- AZ doses1-2 BIFAP 14078687 373 2.65 14105706 92 0.65 025 02 031 024 019 031 | 76% |69% 81%
78%. VE MD doses 1-2 and PF dose 3: 78%. VE AZ doses 1-2 and PF or MD dose 3: 76-81% AZ doses 1-2 SIDIAP 3503991 101 2.88 3505169 19 0.54 019 0.12 0.31 0.19 011 0.31 81% 69% 89%
. PFdose3  BIFAP 8159498 247 3.03 8177489 59 0.72 024 018 032 024 018 032| 76% |68% 82%
- BIFAP: any homologous 3 doses, Delta VE: 68% - Omicron VE: 67%. Any heterologous 3" dose, MDdose3 BIFAP 30437969 792 26 30486030 198 0.65 025 021 029 025 022 03| 75% |70% 78%
Delta VE: 77% - Omicron VE: 74%. MD dose3 SIDIAP 8994410 396 4.4 8999868 83 0.92 021 017 027 021 017 027 79% |73% 83%
. In Spain: VE homologous 3 doses mainly in =50 (BIFAP) and >70 (SIDIAP) years olds. VE any Delta BIFAP 13009885 370 2.84 13014173 84 0.65 023 018 029 023 018 029| 77% |71% 82%
o Delta SIDIAP 9186801 401 4.36 9192333 85 0.92 021 017 027 021 017 027 | 79% |73% 83%
heterologous 3 dose decreases from 50-59 to >80 years old. Omicron  BIFAP 25748291 675 262 25790669 175 068 026 022 031 026 022 031 | 74% |69% 78%
* VE of homologous boosters was mainly observed for 250 years old pairs in BIFAP and =70 years Death with COVID-19
old pairs in SIDIAP. Flomologous3 doses
verall BIFAP 43361621 7 1. 43371 1 YA 28 024 O. 2 22 031 | 74% % 78%
* PF or MD heterologous dose 3: VE from the 1st week after dose 3 (undetected bias) until the 1= gvirzu SIDIAP 8§§28652 ?52 1.22 832337755(3)73 3839 00.4 %.2213 %.15 (())é? O0.26 8.14 %é 80% Sgi 82%(;
(SIDIAP) or 3@ (BIFAP) month. Any homologous 3 doses: VE lasted until the 2"d (SIDIAP) or 5th Overall CPRD 19245486 26 014 19245639 6 003 023 009 056 023 01 057 77% |43% 90%
(BIFAP) month. PF BIFAP 36254930 622 172 36264044 182 0.5 029 025 035 028 023 033| 72% |67% 77%
(0] (0] (0)
 Sensitivity analyses, restricting to individuals with negative SARS-CoV-2 tests, confirmed the EE SQE'QE’ ggé%zzi 1;59 (2)'_13; 1%%225?; 363 8’32 géi %1.15 gég 8_ 2le O&f 09539 chﬁ Z?Cy/j Sgo//z
significant VE. MD BIFAP 7096612 53 0.75 7097380 7 0.1 013 006 029 012 005 026| 88% |74% 95%
Delta BIFAP 26221304 346 1.32 26225972 87 0.33 025 02 032 024 019 031 | 76% [|69% 81%
] Delta SIDIAP 8234819 156 1.89 8236754 33 0.4 021 015 031 02 014 03 | 80% |70% 86%
Death with COVID-19 Delta CPRD 19234897 26 0.14 19235050 6 0.03 023 0.09 056 023 01 057 77% |43% 90%
. All cases: same doses 1-2. VE homologous 3 doses: 74-80% (Delta: 76-80%, Spain and UK; Omicron BIFAP 17270857 338 1.96 | 17274§42 2101; :).6 do.31 025 038 028 023 035| 72% |65% 77%
. . . Homologous doses 1-2 and Heterologous dose 3
Omicron: 72%, BIFAP). VE heterologous dose 3: 82-86% (Delta: 80-86%, Spain and UK; Omicron: Overall BIFAP 38670418 390 1.01 2?8676283 70 0.12 018 014 023 018 014 023| 82% |77% 86%
83%, BIFAP). Overall SIDIAP 9192245 120 1.31 9193354 15 0.16 012 007 021 014 0.08 023| 86% |77% 92%
° Homologous 3 dOSGS, >60 years OldI VE PE: 72-79%. VE MD: 88% (B”:AP). PF-AZ homologous PF 3oses1—2 BIFAP 22707084 305 1.34 22711989 52 0.23 0.17 013 0.23 0.17 013 0.23 83% 77% 87%
. PFdoses1-2 SIDIAP 5644657 112 1.98 5645665 14 0.25 012 007 022 013 008 024| 87% |76% 92%
doses 1-2 and MD dose 3, VE: 83-86% (Spain). MD-AZ homologous doses 1-2 and PF dose 3, VE: /b joces12 BIFAP 1854938 18 0.97 1855021 5 027 028 01 075 03 om o8| 70% |20% 89%
77% (BIFAP) AZ doses1-2 BIFAP 14108396 67 0.47 14109273 13 0.09 019 011 035 02 On 037| 80% |63% 89%
° VE duration (BIFAP): homologous 3 doses’ 6 months; heterologous 3rd dose: 5 monthS. VE PF dose 3 BIFAP 8179299 60 0.73 8179799 13 0.16 022 0.12 0.39 0.23 012 0.41 77% 59% 88%
. . d . MDdose3 BIFAP 30489048 330 1.08 30494413 57 0.19 017 013 023 017 013 023| 83% |77% 87%
duration (SIDIAP): homologous 3 doses, 2 months. heterologous 3 dose: 2 weeks. MDdose3 SIDIAP 8999394 119 132 9000489 15 0.7 013 007 022 014 008 023| 86% |77% 92%
« Sensitivity analyses, restricting to individuals with negative SARS-CoV-2 tests, confirmed the Delta BIFAP 13013634 115 0.88 13014793 22 0.17 019 012 03 02 013 032| 80% |68% 87%
significant VE. Delta SIDIAP 9191891 120 1.31 9193000 15 0.16 012 007 021 014 008 023| 86% |77% 92%
Omicron BIFAP 25816888 280 1.08 25821020 48 0.19 017 013 023 017 013 023| 83% |77% 87%

The results support mixing different vaccine brands for doses 1-2, particularly after AZ dose 1. PF or MD dose 3 protected against severe events. The VE wane over
time needs further in-depth research. The early VE after vaccination may be due to unknown confounders, deserving cautious interpretation.

This study is funded by the European Medicines Agency. Authors and Departments conduct research for government, public, private organizations, including pharmaceutical companies, according to ENCePP code of conduct.
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