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ABSTRACT

BLOOLRQV RI dRVHV RI COVID-19 YaccLQHV KaYH bHHQ adPLQLVWHUHd aURXQd WKH ZRUOd, dUaPaWLcaOO\
UHdXcLQJ SARS-CRV-2 LQcLdHQcH LQ VRPH VHWWLQJV. MaQ\ VWXdLHV VXJJHVW YaccLQHV SURYLdH a KLJK
dHJUHH RI SURWHcWLRQ aJaLQVW LQIHcWLRQ aQd dLVHaVH, bXW SUHcLVH HVWLPaWHV YaU\ aQd VWXdLHV dLIIHU LQ
dHVLJQ, RXWcRPHV PHaVXUHd, dRVLQJ UHJLPH, ORcaWLRQ, aQd cLUcXOaWLQJ YLUXV VWUaLQV. HHUH ZH cRQdXcW a
V\VWHPaWLc UHYLHZ RI COVID-19 YaccLQHV aV RI AXJXVW 2021. WH LQcOXdHd HIILcac\ daWa IURP PKaVH 3
cOLQLcaO WULaOV IRU 13 YaccLQHV ZLWKLQ WKH WHO EPHUJHQc\ UVH LLVWLQJ HYaOXaWLRQ SURcHVV aQd UHaO-ZRUOd
HIIHcWLYHQHVV IRU 5 YaccLQHV ZLWK RbVHUYaWLRQaO VWXdLHV PHHWLQJ LQcOXVLRQ cULWHULa. VaccLQH PHWULcV
cROOHcWHd LQcOXdH HIIHcWV aJaLQVW aV\PSWRPaWLc LQIHcWLRQ, aQ\ LQIHcWLRQ, V\PSWRPaWLc COVID-19, aQd
VHYHUH RXWcRPHV LQcOXdLQJ KRVSLWaOL]aWLRQ aQd dHaWK, IRU bRWK SaUWLaO aQd cRPSOHWH YaccLQaWLRQ, aQd
aJaLQVW SARS-CRV-2 YaULaQWV RI cRQcHUQ. IQ addLWLRQ, ZH UHYLHZ WKH HSLdHPLRORJLcaO SULQcLSOHV bHKLQd
WKH dHVLJQ aQd LQWHUSUHWaWLRQ RI YaccLQH HIIHcWV aQd H[SOaLQ LPSRUWaQW VRXUcHV RI KHWHURJHQHLW\ bHWZHHQ
VWXdLHV.

1

 . CC-BY 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 25, 2021. ; https://doi.org/10.1101/2021.09.17.21263549doi: medRxiv preprint 

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.

https://doi.org/10.1101/2021.09.17.21263549
http://creativecommons.org/licenses/by/4.0/


MAIN TEXT

InWrodXcWion

OQ MaUcK 11, 2020, WKH WRUOd HHaOWK OUJaQL]aWLRQ (WHO) dHcOaUHd SARS-CRV-2 a JORbaO SaQdHPLc1.
WRUOdZLdH, RYHU 200 PLOOLRQ COVID-19 caVHV aQd RYHU 4 PLOOLRQ dHaWKV KaYH bHHQ UHcRUdHd WR daWH.
SARS-CRV-2¶V UaSLd JORbaO VSUHad aQd LWV aOaUPLQJ cOLQLcaO VHYHULW\ KaYH accHOHUaWHd dHPaQd IRU
COVID-19 LPPXQL]aWLRQV WKaW VaIHO\ aQd HIIHcWLYHO\ SUHYHQW dLVHaVH LQcLdHQcH RU UHdXcH VHYHULW\.
DHVSLWH WKH WUadLWLRQaOO\ SURORQJHd YaccLQH dHYHORSPHQW WLPHOLQH, RYHU 20 COVID-19 YaccLQH
caQdLdaWHV KaYH UHcHLYHd HPHUJHQc\ XVH aXWKRUL]aWLRQ LQ aW OHaVW RQH cRXQWU\, aQd 3 bLOOLRQ SHRSOH
KaYH bHHQ YaccLQaWHd JORbaOO\2,3.

EYLdHQcH IURP cOLQLcaO WULaOV aQd RbVHUYaWLRQaO VWXdLHV RYHUZKHOPLQJO\ VXSSRUW WKH VaIHW\ aQd
LPPXQRJHQLcLW\ RI QXPHURXV COVID-19 YaccLQHV, HVSHcLaOO\ ZKHQ LW cRPHV WR SURWHcWLRQ aJaLQVW
VHYHUH LQIHcWLRQ aQd dHaWK LQ IXOO\ YaccLQaWHd LQdLYLdXaOV. HRZHYHU, SUHcLVH HVWLPaWHV RI YaccLQH
HIILcac\ aQd HIIHcWLYHQHVV (³VE´) KaYH YaULHd acURVV VWXdLHV dXH WR a UaQJH RI IacWRUV. FRU H[aPSOH, aQ
LQWHULP aQaO\VLV acURVV IRXU PKaVH 3 WULaO VLWHV IRXQd AVWUaZHQHca¶V WZR-dRVH YLUaO YHcWRU YaccLQH
(AZD1222) Kad 70% HIILcac\ aJaLQVW V\PSWRPaWLc COVID-19 dLVHaVH; ZKHQ dLVaJJUHJaWHd b\ dRVLQJ
VcKHdXOH, HVWLPaWHd VE ZaV QHaUO\ 30% KLJKHU LQ WKH VXb-cRKRUW UHcHLYLQJ a PRdLILHd ORZ YaccLQH dRVH
IROORZHd b\ a VWaQdaUd dRVH (90%) cRPSaUHd WR WKH VXb-cRKRUW UHcHLYLQJ WZR VWaQdaUd dRVHV (62%)4.
ObVHUYaWLRQaO VWXdLHV LQ WKH UK5±8, ScRWOaQd9, BUa]LO10, aQd WKH NHWKHUOaQdV11, KaYH VLQcH SUHVHQWHd a
UaQJH RI VE HVWLPaWHV (60% WR 94%) RbWaLQHd IURP QRQ-UaQdRPL]Hd dHVLJQV (L.H., WHVW-QHJaWLYH cRQWURO,
SURVSHcWLYH cRKRUW) XVLQJ HIIHcWLYHQHVV PHaVXUHV (H.J., aQ\ SARS-CRV-2 LQIHcWLRQ) dLIIHULQJ IURP WKH
RXWcRPHV RI WKH cOLQLcaO WULaOV.

SARS-CRV-2 HYROXWLRQaU\ d\QaPLcV KaYH IXUWKHU cRQIRXQdHd LQWHUSUHWaWLRQ RI KHWHURJHQHRXV VE
HVWLPaWHV RbWaLQHd IURP cRPSaUabO\ dHVLJQHd COVID-19 YaccLQH VWXdLHV, SaUWLcXOaUO\ XQdHU UHaO-ZRUOd,
QRQ-H[SHULPHQWaO cRQdLWLRQV. TKH HPHUJHQcH RI SARS-CRV-2 VWUaLQV dHVLJQaWHd YaULaQWV RI cRQcHUQ
(VOC) b\ WHO, LQcOXdLQJ AOSKa (B.1.1.7), BHWa (B.1.351), GaPPa (P.1), aQd DHOWa (B.1.617.2), KaV
UHcHQWO\ LQcUHaVHd cRQcHUQ RYHU aWWHQXaWHd VE JLYHQ WKaW VRPH YaULaQWV aUH aVVRcLaWHd ZLWK KLJKHU
YLUaO ORad12±16 aQd HYaVLRQ RI QHXWUaOL]LQJ aQWLbRdLHV e[ YiYR17±19.  RHcHQW VWXdLHV KaYH UHSRUWHd
dLPLQLVKHd HIIHcWLYHQHVV RI WKH PIL]HU-BLRNTHcK BNT162b2 YaccLQH aJaLQVW WKH DHOWa SARS-CRV-2
YaULaQW20,21, UHOaWLYH WR WKH 95% VE PHaVXUH aJaLQVW SaUHQW SARS-CRV-2 OLQHaJHV RbWaLQHd IURP cOLQLcaO
WULaOV22. EIIRUWV WR aWWULbXWH WKHVH RbVHUYHd UHdXcWLRQV WR ZaQLQJ LPPXQLW\, dLPLQLVKHd SURWHcWLRQ aJaLQVW
cLUcXOaWLQJ SARS-CRV-2 YaULaQWV, VWXd\ PHWKRdRORJ\, RU RWKHU cRQWH[WXaO IacWRUV (L.H., SUHVHQcH YV
abVHQcH RI QRQ-SKaUPacHXWLcaO LQWHUYHQWLRQV) LV cRQVWUaLQHd b\ WKHLU cR-RccXUUHQcH aQd HQdRJHQHLW\.
NRQHWKHOHVV, V\QWKHVL]LQJ WKH WRWaOLW\ RI WKH HYLdHQcH IRU COVID-19 VE, aQd XQdHUVWaQdLQJ WKH
cRQVWHOOaWLRQ RI IacWRUV cRQWULbXWLQJ WR RbVHUYHd KHWHURJHQHLWLHV, LV LPSHUaWLYH IRU SROLc\-PaNHUV WR
dHVLJQ HIIHcWLYH aQd HTXLWabOH COVID-19 YaccLQaWLRQ caPSaLJQV dXULQJ a UaSLdO\ HYROYLQJ SaQdHPLc.

HHUH, ZH V\VWHPaWLcaOO\ UHYLHZHd YaccLQH HIILcac\ aQd HIIHcWLYHQHVV daWa IRU COVID-19 YaccLQHV
aJaLQVW YaULRXV cOLQLcaO RXWcRPHV, VSHcLILcaOO\ aV\PSWRPaWLc LQIHcWLRQ, aQ\ LQIHcWLRQ, V\PSWRPaWLc
dLVHaVH, KRVSLWaOL]aWLRQ, aQd dHaWK. AddLWLRQaOO\, RXU UHYLHZ cRQVLdHUV VE PHaVXUHV IRU bRWK IXOO aQd
SaUWLaO LPPXQL]aWLRQ cRXUVHV aQd cLUcXOaWLQJ SARS-CRV-2 YaULaQWV RI cRQcHUQ.

2

 . CC-BY 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 25, 2021. ; https://doi.org/10.1101/2021.09.17.21263549doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.17.21263549
http://creativecommons.org/licenses/by/4.0/


MeWhodV

FRU WKH SXUSRVH RI WKLV VWXd\, ZH XVH WKH abbUHYLaWLRQ ³VE'' WR UHIHU WR bRWK YaccLQH efficac\ (IURP
UaQdRPL]Hd cOLQLcaO WULaOV) aQd YaccLQH effecWiYeQeVV (IURP RbVHUYaWLRQaO VWXdLHV). WH cKRVH WR UHYLHZ
aOO YaccLQHV ZKLcK Kad UHcHLYHd, RU VXbPLWWHd aSSOLcaWLRQV IRU, EPHUJHQc\ UVH LLVWLQJ IURP WHO aV RI
AXJXVW 15, 202123 aQd Kad aW PLQLPXP SXbOLcO\ UHOHaVHd daWa IURP cRPSOHWHd PKaVH 3 WULaOV (Table 1).
WH VHaUcKHd IRU cOLQLcaO WULaO HIILcac\ UHVXOWV SXbOLVKHd LQ SHHU-UHYLHZHd VcLHQWLILc MRXUQaOV (PXbMHd,
GRRJOH ScKROaU), SUHSULQW VHUYHUV (PHdR[LY, bLRR[LY), JRYHUQPHQW SXbOLc KHaOWK aJHQc\ ZHbVLWHV, LQ
QHZV aUWLcOHV (GRRJOH), RQ WKH YaccLQH PaQXIacWXUHUV' ZHbVLWHV, aQd LQ WKH daWabaVHV RI PHdLcaO
UHJXOaWRU\ aJHQcLHV (H.J., WKH US FRRd & DUXJ AdPLQLVWUaWLRQ RU WKH EXURSHaQ MHdLcLQHV AJHQc\).
SHaUcKHV ZHUH cRQdXcWHd XVLQJ WKH YaccLQH¶V bUaQd, WUadH, RU UHVHaUcK QaPH. TR ORcaWH RbVHUYaWLRQaO
VWXdLHV RI YaccLQH HIIHcWLYHQHVV, ZH XVHd a dHWaLOHd VHaUcK TXHU\ aSSOLHd WR PXOWLSOH daWabaVHV
(SXpplemenWar\ MeWhodV), aQd RQO\ LQcOXdHd UHVXOWV WKaW aSSHaUHd LQ aW OHaVW a dHWaLOHd UHSRUW RU
SUHSULQW IRUP. SWXdLHV XQdHUZHQW aQ LQLWLaO UHYLHZ RI WKH WLWOH/abVWUacW, bHIRUH SURJUHVVLQJ WR a PRUH
dHWaLOHd IXOO-WH[W UHYLHZ (FigXre S1). FURP HacK dRcXPHQW, ZH H[WUacWHd VE aJaLQVW aQ\ VWaJH RI
LQIHcWLRQ (Table S1). FRU WKH IXOO YaccLQH cRXUVH (1 RU 2 dRVHV, dHSHQdLQJ RQ WKH YaccLQH bUaQd), UHVXOWV
ZHUH RQO\ LQcOXdHd LI aW OHaVW 1 ZHHN Kad SaVVHd bHWZHHQ WKH ILQaO dRVH aQd caVH dHWHcWLRQ. FRU VE
aIWHU a SaUWLaO cRXUVH, caVHV PXVW KaYH RccXUUHd aW OHaVW 2 ZHHNV aIWHU WKH ILUVW dRVH bXW bHIRUH WKH
VHcRQd dRVH.

ObVHUYaWLRQaO VWXdLHV ZHUH H[cOXdHd LI a SURSHU cRQWURO JURXS ZaV QRW XVHd (H.J., PRdHOHd RU KLVWRULc
cRQWUROV), RXWcRPHV ZHUH QRW OabRUaWRU\-cRQILUPHd, WKH VWXd\ dHVLJQ dLd QRW aWWHPSW WR accRXQW IRU
cRQIRXQdLQJ, YaccLQaWLRQ VWaWXV ZaV dHWHUPLQHd b\ VHOI-UHSRUW (QRW dRcXPHQWHd) IRU >10% RI
SaUWLcLSaQWV, cRQILdHQcH LQWHUYaOV (CIV) ZHUH QRW UHSRUWHd (H[cHSW LQ caVHV ZKHUH LW ZaV QRW SRVVLbOH WR
caOcXOaWH CIV), VLJQLILcaQW bLaV ZaV SUHVHQW aV dHWHUPLQHd b\ H[SHUW RSLQLRQ, LI WKH HaUO\
SRVW-YaccLQaWLRQ SHULRd ZaV XVHd aV WKH UHIHUHQcH SHULRd IRU caOcXOaWLQJ VE (H.J., da\ 0-12 YV. da\
12-21), RU LI WKH dHILQLWLRQ RI XQYaccLQaWHd LQcOXdHd da\V 0-12 SRVW YaccLQaWLRQ. FRU WKLV UHYLHZ RQO\
VWXdLHV LQcOXdLQJ SHUVRQV ZLWK aQd ZLWKRXW WKH cOLQLcaO RXWcRPH XQdHU LQYHVWLJaWLRQ aQd ZLWK aQd ZLWKRXW
YaccLQaWLRQ ZHUH LQcOXdHd. TKXV, LPSacW VWXdLHV aQd VWXdLHV WKaW RQO\ HYaOXaWHd WKH ULVN RI SURJUHVVLRQ
WR VHYHUH dLVHaVH aPRQJ SARS-CRV-2-SRVLWLYH LQdLYLdXaOV ZHUH H[cOXdHd. WH HYaOXaWHd VWXdLHV WKaW
UHSRUWHd VE IRU a cRPbLQaWLRQ RI YaccLQHV bXW dLd QRW LQcOXdH WKRVH YaOXHV KHUH XQOHVV WKH\ aOVR
dLVaJJUHJaWHd UHVXOWV b\ YaccLQH SURdXcW. FLQaOO\, ZH H[cOXdHd VWXdLHV WKaW RQO\ SUHVHQWHd 1VW dRVH VE
RI a 2-dRVH YaccLQH ZKLOH LQcOXdLQJ VRPH SHUVRQV ZKR Kad UHcHLYHd 2 dRVHV LQ WKH HVWLPaWH. WH
cOaVVLILHd VE aV VSHcLILc aJaLQVW a SaUWLcXOaU SARS-CRV-2 YaULaQW LI VHTXHQcLQJ RU RWKHU PROHcXOaU
dHWHcWLRQ PHWKRdV ZHUH XVHd ZLWKLQ WKH VWXd\ WR cRQILUP WKH YaULaQW caXVLQJ LQIHcWLRQ LQ aOO LQdLYLdXaO
caVHV cRQWULbXWLQJ WR a VE HVWLPaWH. TKH daWa IURP RbVHUYaWLRQaO VWXdLHV LQcOXdHd KHUH LV aOVR aYaLOabOH
LQ WabOH aQd JUaSKLcaO IRUPaWV RQ VIEW-hXb, a UHVRXUcH dHYHORSHd b\ WKH IQWHUQaWLRQaO VaccLQH AccHVV
CHQWHU aW JRKQV HRSNLQV UQLYHUVLW\ (YLHZ-KXb.RUJ/UHVRXUcHV) aQd LQ WKH DaWa SXSSOHPHQW (Table S1).

Defining hoZ Zell a Yaccine preYenWV infecWion and diVeaVe

LLNH RWKHU SKaUPacHXWLcaO SURdXcWV, YaccLQHV aUH HYaOXaWHd LQ cOLQLcaO WULaOV IRU bRWK VaIHW\ aQd HIILcac\,
aQd LQ WKLV UHYLHZ, ZH IRcXV RQ WKH OaWWHU. VaccLQH HIILcac\ LV dHILQHd aV WKH aPRXQW b\ ZKLcK
YaccLQaWLRQ UHdXcHV WKH SURbabLOLW\ WKaW aQ LQdLYLdXaO dHYHORSV dLVHaVH LQ a SaUWLcXOaU WLPH SHULRd
cRPSaUHd WR WKRVH ZKR dLd QRW UHcHLYH WKH YaccLQH. IW LV caOcXOaWHd XVLQJ WKLV IRUPXOa:
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,𝑉𝐸 ࡧ 1 ࡡ  ഉ# 𝑐𝑎՜𝑒՜ 𝑎𝑚𝑜𝑛𝑔 ՟𝑎𝑐𝑐𝑖𝑛𝑎՝𝑒𝑑/# ՟𝑎𝑐𝑐𝑖𝑛𝑎՝𝑒𝑑ഊ
ഉ# 𝑐𝑎՜𝑒՜ 𝑎𝑚𝑜𝑛𝑔 ՞𝑛՟𝑎𝑐𝑐𝑖𝑛𝑎՝𝑒𝑑/# ՞𝑛՟𝑎𝑐𝑐𝑖𝑛𝑎՝𝑒𝑑ഊ ࡧ  1 ࡡ  ՛𝑖՜𝑘 𝑖𝑛 ՟𝑎𝑐𝑐𝑖𝑛𝑎՝𝑒𝑑 𝑔՛𝑜՞ՙ 

՛𝑖՜𝑘 𝑖𝑛 ՞𝑛՟𝑎𝑐𝑐𝑖𝑛𝑎՝𝑒𝑑 𝑔՛𝑜՞ՙ  

ZKHUH VRPHWLPHV WKH dHQRPLQaWRU ³# YaccLQaWHd´ (³# XQYaccLQaWHd´) LV UHSOacHd ZLWK WKH VXP RI WKH
WRWaO WLPH HQUROOHd LQ WKH VWXd\ aPRQJ YaccLQaWHd (XQYaccLQaWHd) VXbMHcWV (L.H., WKH ³SHUVRQ WLPH´)24,25.

VaccLQH HIILcac\ RQO\ dHVcULbHV WKH UeOaWiYe, aV RSSRVHd WR abVROXWe, ULVN RI dLVHaVH. FRU H[aPSOH, LI WKH
ULVN RI dLVHaVH ZLWKLQ a cHUWaLQ WLPH IUaPH LV UHdXcHd IURP 50% LQ XQYaccLQaWHd LQdLYLdXaOV WR 10% LQ
YaccLQaWHd LQdLYLdXaOV, WKHQ WKH YaccLQH HIILcac\ (80%) LV WKH VaPH aV LQ aQRWKHU VHWWLQJ ZKHUH WKH ULVN
RI dLVHaVH LQ WKaW WLPH IUaPH ZaV UHdXcHd IURP 5% aPRQJ WKH XQYaccLQaWHd WR 1% aPRQJ WKH
YaccLQaWHd. TKLV LV a dHVLUHd IHaWXUH RI a PHWULc IRU YaccLQH VWUHQJWK, VLQcH abVROXWH ULVN Pa\ cKaQJH
RYHU WLPH dXULQJ aQ HSLdHPLc, dXH WR IacWRUV OLNH VHaVRQaOLW\ aQd QRQ-SKaUPacHXWLcaO LQWHUYHQWLRQV
(H.J., VKHOWHU-LQ-SOacH RUdLQaQcHV, IacH PaVN XVH). TKH YaOXH RI YaccLQH HIILcac\ aOVR dRHV QRW W\SLcaOO\
WHOO XV KRZ aQ LPSHUIHcW YaccLQH IaLOV. A 90% HIILcacLRXV YaccLQH cRXOd PHaQ RQH RI WKUHH WKLQJV: (1)
WKaW 90% RI YaccLQaWHd LQdLYLdXaOV aUH cRPSOHWHO\ UHVLVWaQW WR dLVHaVH ZKLOH WKH RWKHU 10% aUH aV
VXVcHSWLbOH aV XQYaccLQaWHd LQdLYLdXaOV (³aOO-RU-QRWKLQJ´), (2) WKaW aOO YaccLQaWHd LQdLYLdXaOV KaYH H[acWO\
1/10WK WKH ULVN RI JHWWLQJ LQIHcWHd IURP aQ\ JLYHQ H[SRVXUH (L.H., a ³OHaN\´ YaccLQH), RU (3) a cRPbLQaWLRQ
RI WKHVH VcHQaULRV25±27.

TR PHaVXUH YaccLQH HIILcac\ IRU COVID-19 aQd LQ JHQHUaO, WKH VSHcLILc cOLQLcaO RXWcRPH WKaW WKH YaccLQH
LV PHaQW WR SUHYHQW (WKH dHILQLWLRQ RI ³dLVHaVH´) PXVW bH caUHIXOO\ dHILQHd. TKH LdHaO JRaO RI YaccLQaWLRQ
LV WR cRPSOHWHO\ SUHYHQW LQIHcWLRQ, PHaQLQJ WKaW WKH YaccLQH-LQdXcHd LPPXQH UHVSRQVH PXVW bH abOH WR
bORcN WKH HaUOLHVW aWWHPSWV RI WKH SaWKRJHQ WR UHSOLcaWH ZLWKLQ aQ LQdLYLdXaO¶V bRd\. II LQIHcWLRQ caQQRW bH
HVWabOLVKHd, WKHQ WKLV LQdLYLdXaO ZLOO QRW H[SHULHQcH V\PSWRPV RI WKH dLVHaVH QRU WUaQVPLW WR VXVcHSWLbOH
LQdLYLdXaOV. TKLV VRUW RI ³VWHULOL]LQJ LPPXQLW\´ LV UaUH, aQd YaccLQH HIILcac\ aJaLQVW LQIHcWLRQ LV dLIILcXOW WR
PHaVXUH LQ SUacWLcH28,29 VLQcH, IRU VKRUW-OLYHd aQd cRPPRQO\ aV\PSWRPaWLc LQIHcWLRQV OLNH SARS-CRV-2,
WKLV ZRXOd UHTXLUH IUHTXHQW WHVWLQJ RI HYHU\RQH LQ WKH VWXd\ SRSXOaWLRQ. MRUHRYHU, KLJK HIILcac\ aJaLQVW
LQIHcWLRQ LV QRW QHcHVVaU\ IRU a YaccLQH WR bH bHQHILcLaO. TR UHdXcH WKH SXbOLc KHaOWK LPSacW RI aQ
LQIHcWLRXV dLVHaVH, LW PLJKW bH HQRXJK WR SUHYHQW WKH V\PSWRPV RI WKH dLVHaVH, HYHQ LI LQIHcWLRQ VWLOO
RccXUV30. EYHQ YaccLQHV WKaW dR QRW cRPSOHWHO\ SUHYHQW LQIHcWLRQ Pa\ WULJJHU LPPXQH UHVSRQVHV WKaW
caQ UHdXcH YLUaO ORad, WKH dXUaWLRQ RI LQIHcWLRXVQHVV, RU VSUHad RI YLUXV bHWZHHQ WLVVXHV, SUHYHQWLQJ
dHOHWHULRXV cOLQLcaO RXWcRPHV29±31.

FRU COVID-19, WKH SULPaU\ YaccLQH HIILcac\ RXWcRPH cKRVHQ aV WKH HQdSRLQW IRU PRVW cOLQLcaO WULaOV ZaV
WKH abLOLW\ WR SUHYHQW V\PSWRPaWLc, OabRUaWRU\-cRQILUPHd COVID-19 dLVHaVH30. TKLV RXWcRPH ZaV
dHILQHd aV WKH RccXUUHQcH RI COVID-19-aVVRcLaWHd V\PSWRPV (H.J., cRXJK, VKRUWQHVV RI bUHaWK, IHYHU)
RccXUULQJ LQ WKH SUHVHQcH RI dHWHcWabOH SARS-CRV-2. TKLV dHILQLWLRQ RI YaccLQH HIILcac\ UHSUHVHQWV a
WUadH-RII bHWZHHQ SUacWLcaOLW\ aQd SXbOLc KHaOWK LPSRUWaQcH. S\PSWRPV caQ bH VHOI-aVVHVVHd b\
SaUWLcLSaQWV aQd WHVWLQJ UHVWULcWHd WR WKRVH UHSRUWLQJ V\PSWRPV. HRZHYHU, PRVW LQdLYLdXaOV ZLWK
COVID-19 UHcRYHU cRPSOHWHO\ ZLWK RQO\ PLOd RU PRdHUaWH V\PSWRPV, aQd WKH PaMRU cRQcHUQ LV WKH
VXbVHW RI LQdLYLdXaOV ZKR dHYHORS PRUH VHYHUH dLVHaVH32±34. WKLOH WKH IUacWLRQ RI LQIHcWLRQV SURJUHVVLQJ
WR a VHYHUH VWaJH LV KLJK HQRXJK WR KaYH RYHUZKHOPHd KHaOWKcaUH UHVRXUcHV JORbaOO\ aQd OHd WR PLOOLRQV
RI H[cHVV dHaWKV LQ 2020 aQd 2021, LW LV VWLOO UaUH HQRXJK WKaW IHZ HYHQWV ZRXOd bH H[SHcWHd WR RccXU LQ
a cOLQLcaO WULaO RI WHQV RI WKRXVaQdV RI LQdLYLdXaOV OaVWLQJ a IHZ PRQWKV. WKLOH PaQ\ WULaOV dLd UHSRUW
HIILcac\ aJaLQVW VHYHUH RXWcRPHV OLNH KRVSLWaOL]aWLRQ RU dHaWK aV VHcRQdaU\ RXWcRPHV dHVSLWH VPaOO
QXPbHUV22,35±44, QRQ-UaQdRPL]Hd SRVW-aSSURYaO VWXdLHV SURYLdH IXUWKHU HVWLPaWHV RI WKHVH PHWULcV IRU
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PXcK OaUJHU VaPSOH VL]HV. IQ WKLV SaSHU, ZH VXPPaUL]H YaccLQH HIILcac\ aQd HIIHcWLYHQHVV YaOXHV
UHSRUWHd IRU aOO VWaJHV RI LQIHcWLRQ IURP bRWK cOLQLcaO WULaOV aQd RbVHUYaWLRQaO VWXdLHV.

Randomi]ed and obVerYaWional VWXdieV for eVWimaWing Yaccine effecWV

FRUPaOO\, WKH caOcXOaWLRQ RI VE cRPSaUHV WKH OLNHOLKRRd RI LQIHcWLRQ LQ YaccLQaWHd LQdLYLdXaOV WR WKH
K\SRWKHWLcaO ULVN WKH\ ZRXOd KaYH Kad LI WKH\ ZHUH XQYaccLQaWHd. IQ UHaOLW\, K\SRWKHWLcaO cRPSaULVRQV
aUH LPSRVVLbOH aQd PXVW bH PadH bHWZHHQ dLIIHUHQW JURXSV RI LQdLYLdXaOV. VaccLQH VWXdLHV WKHUHIRUH
VWULYH WR cKRRVH cRPSaUabOH JURXSV LQ WHUPV RI dLVHaVH ULVN, VR aQ\ RbVHUYHd dLIIHUHQcHV bHWZHHQ
WKHP caQ bH aWWULbXWHd WR YaccLQaWLRQ. OQH aSSURacK LV WR cRQdXcW a VWXd\ ZKHUH VXbMHcWV aUH UaQdRPO\
aVVLJQHd WR UHcHLYH WKH YaccLQH RU QRW, ZKLcK, ZLWK OaUJH HQRXJK VaPSOH VL]HV XVXaOO\ HQVXUHV WKHUH
ZLOO QRW bH aQ\ VLJQLILcaQW dLIIHUHQcHV. IQ UHaOLW\, UaQdRPL]aWLRQ LV QRW aOZa\V SRVVLbOH, VR ³RbVHUYaWLRQaO´
VWXdLHV XVH daWa IURP VLWXaWLRQV ZKHUH YaccLQH adPLQLVWUaWLRQ ZaV QRQ-UaQdRP aQd aWWHPSW WR LVROaWH
WKH HIIHcW RI YaccLQaWLRQ b\ accRXQWLQJ IRU dLIIHUHQcHV bHWZHHQ JURXSV LQ WKH VWXd\ dHVLJQ aQd aQaO\VLV.

TKLV UHYLHZ LQcOXdHV daWa IURP bRWK UaQdRPL]Hd cRQWUROOHd WULaOV (RCTV) WKaW HVWLPaWH YaccLQH HIILcac\
aQd RbVHUYaWLRQaO VWXdLHV WKaW UHSRUW UHaO-ZRUOd YaccLQH HIIHcWLYHQHVV, ZKLcK HacK KaYH SURV aQd
cRQV45,46. TKH PRVW RbYLRXV VWUHQJWK RI RCTV LV WKaW UaQdRPL]aWLRQ KHOSV HQVXUH WKaW WKH UHVXOWV aUH QRW
bLaVHd b\ SaUWLcLSaQWV' KHaOWK-VHHNLQJ bHKaYLRUV aQd ULVN IacWRUV IRU dLVHaVH. WKLOH RCTV aUH WKH
JROd-VWaQdaUd IRU YaccLQH VWXdLHV30, WKH\ aUH YHU\ cRVWO\ aQd UaUHO\ LQcOXdH PRUH WKaQ WHQV RI WKRXVaQdV
RI SaUWLcLSaQWV. CRQVHTXHQWO\, WKH LQcLdHQcH RI PRUH VHYHUH RXWcRPHV RI LQIHcWLRQ LV RIWHQ OLPLWHd aQd
ORQJ VWXd\ dXUaWLRQV Pa\ bH QHHdHd. RCTV Pa\ H[cOXdH SaUWLcLSaQWV ZLWK a KLJK ULVN RI dHaWK, RU
SRSXOaWLRQV ZKR QHHd WKH YaccLQH bXW ZKR aUH WRR ULVN\ WR LQcOXdH LQ WKH WULaO, VXcK aV SUHJQaQW ZRPHQ,
\RXQJ cKLOdUHQ, aQd WKRVH ZLWK cRPRUbLd KHaOWK cRQdLWLRQV. TKH aJH aQd UacH cRPSRVLWLRQ RI WULaO
SRSXOaWLRQV Pa\ aOVR bH UHOaWLYHO\ KRPRJHQRXV. FLQaOO\, SaUWLcLSaQWV LQ aQ RCT Pa\ bHcRPH XQbOLQdHd
LI WKH\ aUH WROd WKHLU YaccLQaWLRQ VWaWXV b\ VWXd\ adPLQLVWUaWRUV RU LQIHU LW baVHd RQ YaccLQH VLdH HIIHcWV,
ZKLcK caQ LQWURdXcH bLaV RU cRQIRXQdLQJ LQWR WKH VWXd\.

OQcH a YaccLQH LV VKRZQ WR bH VaIH aQd HIILcacLRXV LQ cOLQLcaO WULaOV aQd LV aXWKRUL]Hd IRU JHQHUaO XVH,
IXUWKHU UaQdRPL]Hd WULaOV aUH RIWHQ cRQVLdHUHd XQHWKLcaO RU LPSUacWLcaO, HVSHcLaOO\ LQ WKH VHWWLQJ RI a
ZLdH-VSUHad HSLdHPLc OLNH WKH COVID-19 SaQdHPLc. IQVWHad, RbVHUYaWLRQaO VWXdLHV aUH XVHd WR
aXJPHQW HVWLPaWHV RI YaccLQH HIILcac\ ZLWK YaOXHV RI UHaO-ZRUOd HIIHcWLYHQHVV aQd LQcOXdH dHVLJQV VXcK
aV caVH-cRQWURO VWXdLHV (LQcOXdLQJ WHVW-QHJaWLYH dHVLJQV) aQd cRKRUW VWXdLHV (SURVSHcWLYH RU
UHWURVSHcWLYH)25,47,48. CRPSaUHd WR RCTV, RbVHUYaWLRQaO VWXdLHV KaYH WKHLU RZQ cRVWV aQd bHQHILWV. TKH\
PXVW caUHIXOO\ addUHVV bLaVHV dXH WR bHKaYLRUaO dLIIHUHQcHV LQ WKRVH ZKR cKRVH WR RU ZHUH HOLJLbOH WR
UHcHLYH YaccLQHV LQ UHaO-ZRUOd VHWWLQJV cRPSaUHd WR WKRVH ZKR dLd QRW. FRU H[aPSOH, YaccLQH UHcLSLHQWV
Pa\ bH PRUH caXWLRXV aQd KaYH IHZHU SRVVLbOH H[SRVXUHV WKaQ LQdLYLdXaOV ZKR cKRVH QRW WR bH
YaccLQaWHd; WKH\ Pa\ aOVR bH OHVV caXWLRXV LI WKH\ bHOLHYH WKH\ aUH SURWHcWHd b\ YaccLQaWLRQ. OQ WKH
RWKHU KaQd, RbVHUYaWLRQaO VWXdLHV SURYLdH a PRUH UHaOLVWLc SLcWXUH RI SRSXOaWLRQ KHWHURJHQHLW\ cRPSaUHd
WR RCTV, aQd OLNHO\ LQcOXdH SRSXOaWLRQV RI LQWHUHVW, OLNH SHRSOH ZKR aUH LPPXQRcRPSURPLVHd. DXULQJ
PaVVLYH QaWLRQaO YaccLQaWLRQ caPSaLJQV OLNH WKRVH RccXUULQJ IRU COVID-19, LW LV aOVR SRVVLbOH WR RbWaLQ
PXcK OaUJHU VaPSOH VL]HV IURP UHaO-ZRUOd RbVHUYaWLRQaO VWXdLHV, WKHUHIRUH aUJXabO\ LPSURYLQJ WKH
SUHcLVLRQ RI HVWLPaWHV IRU HIIHcWLYHQHVV, HVSHcLaOO\ aJaLQVW VHYHUH RXWcRPHV.

SoXrceV of heWerogeneiW\ acroVV VWXdieV
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COVID-19 YaccLQH VWXdLHV ZHUH cRQdXcWHd b\ PaQ\ LQdHSHQdHQW UHVHaUcK WHaPV aQd LQ dLYHUVH
HSLdHPLc VHWWLQJV aURXQd WKH ZRUOd (Table 1, Table 2, Table S1, FigXre 1). CRQVHTXHQWO\, WKHUH aUH
VHYHUaO SRWHQWLaO VRXUcHV RI KHWHURJHQHLW\ bHWZHHQ VWXdLHV WKaW PaNH LW dLIILcXOW WR cRPSaUH VE
HVWLPaWHV bHWZHHQ WKHP. TKHVH IacWRUV KaYH bHHQ dHVcULbHd HOVHZKHUH48,49 aQd LQcOXdH:

Ɣ SWXd\ SRSXOaWLRQ: WKHQ a VWXd\ LQcOXdHV a JUHaWHU QXPbHU RI SaUWLcLSaQWV ZKR aUH aW KLJKHU ULVN
RI dHYHORSLQJ V\PSWRPaWLc dLVHaVH (H.J., ROdHU LQdLYLdXaOV) RU ZLWK cRQdLWLRQV WKaW cRXOd UHdXcH
WKH LPPXQRJHQLcLW\ RI YaccLQHV (H.J., SHRSOH OLYLQJ ZLWK HIV), VE caQ bH UHdXcHd.

Ɣ OXWcRPH aQd caVH dHILQLWLRQ: VE YaOXHV dLIIHU bHWZHHQ dLVHaVH RXWcRPHV ZLWK YaU\LQJ OHYHOV RI
VHYHULW\. EYHQ ZKHQ VWXdLHV KaYH WKH VaPH VWaWHd RXWcRPH, WKH caVH dHILQLWLRQ caQ YaU\
VXbVWaQWLaOO\. FRU H[aPSOH, PRVW cOLQLcaO WULaOV XVHd µV\PSWRPaWLc dLVHaVH¶ ZLWK OabRUaWRU\
cRQILUPHd SARS-CRV-2 LQIHcWLRQ aV WKH SULPaU\ RXWcRPH bXW LQcOXdHd aQ\ZKHUH IURP 5 (IRU
AVWUaZHQHca/AZD122250) WR 16 (JaQVVHQ/Ad26.COV2.S36) dLIIHUHQW SRWHQWLaO V\PSWRPV aQd
YaULHd LQ UHTXLULQJ RQH RU WZR WR bH SUHVHQW. TKHVH dLIIHUHQcHV aUH H[acHUbaWHd LQ HIIHcWLYHQHVV
VWXdLHV WKaW RIWHQ UHO\ RQ SaVVLYH VXUYHLOOaQcH b\ KHaOWK V\VWHPV. IQ addLWLRQ, dLIIHUHQcHV LQ WKH
WLPLQJ LQcOXdHd LQ WKH dHILQLWLRQ RI WKH dLVHaVH RXWcRPH (H.J., dHaWK ZLWKLQ 30 da\V aIWHU
dLaJQRVLV) caQ OHad WR KHWHURJHQHLWLHV.

Ɣ FROORZ-XS SHULRd: SLQcH LW WaNHV WLPH aIWHU YaccLQaWLRQ IRU aQ HIIHcWLYH adaSWLYH LPPXQH
UHVSRQVH WR dHYHORS, VWXdLHV WKaW bHJLQ WKH HVWLPaWLRQ RI VE VRRQHU cRXOd RbVHUYH UHdXcHd VE
(H.J., 7+ da\V IRU NRYaYa[/NVX-CRV2373 YV 28+ da\V IRU JaQVVHQ/Ad26.COV2.S). IQ addLWLRQ,
LPPXQH SURWHcWLRQ Pa\ HYHQWXaOO\ VWaUW WR ZaQH RYHU WLPH, aQd VR VWXdLHV WKaW cRYHU ORQJHU
SHULRdV IURP WLPH VLQcH YaccLQaWLRQ cRXOd aOVR OHad WR a ORZHU VE.

Ɣ PUHdRPLQaQW YaULaQWV: SRPH SARS-CRV-2 YaULaQWV RI cRQcHUQ KaYH bHHQ RbVHUYHd WR H[KLbLW
LPPXQH-HVcaSH SURSHUWLHV17 (H.J., BHWa51±53 aQd DHOWa20,21,35 YaULaQWV). SWXdLHV cRQdXcWHd ZKHQ
VXcK YaULaQWV accRXQW IRU a JUHaWHU SURSRUWLRQ RI RYHUaOO LQIHcWLRQV cRXOd UHVXOW LQ ORZHU RbVHUYHd
YaccLQH HIILcac\ (FigXre 1).

Ɣ FRUcH RI LQIHcWLRQ: IQ VWXdLHV dRQH dXULQJ WLPH SHULRdV RI KLJKHU SUHYaOHQcH RI cLUcXOaWLQJ YLUXV
(FigXre 1), WKH QXPbHU RI H[SRVXUHV HacK LQdLYLdXaO H[SHULHQcHV dXULQJ WKH VWXd\ SHULRd cRXOd
bH LQcUHaVHd, ZKLcK cRXOd PaNH LW PRUH OLNHO\ aW OHaVW RQH H[SRVXUH RYHUZKHOPV
YaccLQH-LQdXcHd LPPXQLW\ aQd cRXOd OHad WR UHdXcHd RbVHUYHd VE, HVSHcLaOO\ IRU YaccLQHV WKaW
UHdXcH SHU H[SRVXUH ULVN (³OHaN\´ YaccLQHV)25,54.

Ɣ SWXd\ dHVLJQ aQd aQaO\VLV: RaQdRPL]aWLRQ LQ YaccLQH WULaOV caQ UHdXcH (bXW QRW HOLPLQaWH)
cRQIRXQdLQJ. IQ WKH abVHQcH RI UaQdRPL]aWLRQ, YaccLQH HIIHcWLYHQHVV VWXdLHV caQ aWWHPSW WR
UHdXcH cRQIRXQdLQJ WKURXJK VWXd\ dHVLJQ (H.J., WKH WHVW-QHJaWLYH dHVLJQ) aQd dXULQJ WKH
aQaO\VLV (H.J., cRQWUROOLQJ IRU SRWHQWLaO cRQIRXQdLQJ YaULabOHV LQ UHJUHVVLRQ PRdHOV). SRPH
VWXdLHV, HVSHcLaOO\ WKRVH WKaW XVH adPLQLVWUaWLYH daWa, Pa\ QRW cROOHcW aQd WKHUHIRUH cRQWURO IRU
VXcK SRVVLbOH cRQIRXQdHUV.

ReVXlWV of COVID-19 Yaccine VWXdieV

AV RI AXJXVW 15, 2021 WKHUH ZHUH 24 XQLTXH YaccLQH SURdXcWV WKaW Kad HQWHUHd WKH WHO EPHUJHQc\
UVH LLVWLQJ HYaOXaWLRQ SURcHVV, VL[ RI ZKLcK Kad UHcHLYHd aXWKRUL]aWLRQ. TKH SURdXcWV XQdHU HYaOXaWLRQ
LQcOXdHd PRNA, YLUaO YHcWRU, LQacWLYaWHd YLUXV, SURWHLQ VXbXQLW, aQd cRQMXJaWH YaccLQHV, aQd ZHUH
dHYHORSHd b\ a PL[ RI SKaUPacHXWLcaO cRPSaQLHV, QRQ-SURILW UHVHaUcK LQVWLWXWHV, aQd JRYHUQPHQW
aJHQcLHV (Table 1). TKLUWHHQ RI WKHVH YaccLQH caQdLdaWHV cRPSOHWHd PKaVH 3 cOLQLcaO WULaOV aQd UHOHaVHd
WKHLU VE HVWLPaWHV aQd XQcHUWaLQW\ LQWHUYaOV SXbOLcO\ (FigXre 2), ZKLcK ZH cROOHcWHd YLa 21 VHSaUaWH
UHSRUWV 22,35±44,50±52,55±60(FigXre S1). TKLV LQcOXdHd O[IRUd/AVWUaZHQHca¶V AZD1222, BKaUaW BLRWHcK¶V
BBV152, BLRCXbaFaUPa¶V AbdaOa, SRbHUaQR 2, aQd SRbHUaQR 2 POXV, GaPaOH\a IQVWLWXWH¶V SSXWQLN V,
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JaQVVHQ¶V Ad26.COV2.S, MRdHUQa¶V PRNA-1273, PIL]HU/BLRNTHcK¶V BNT162b2, SLQRSKaUP BHLMLQJ¶V
BBIBP-CRUV, SLQRSKaUP WXKaQ¶V WIBP-CRUV, aQd SLQRYac¶V CRURQaVac. VaccLQH HIILcac\ aJaLQVW
V\PSWRPaWLc COVID-19, WKH SULPaU\ RXWcRPH RI HacK WULaO, UaQJHd IURP 66-95%. VaccLQHV ZLWK WKH
KLJKHVW UHSRUWHd HIILcac\ LQcOXdHd bRWK ILUVW-LQ-cOaVV PRNA YaccLQHV aV ZHOO aV SURWHLQ VXbXQLW
YaccLQHV, a ILIW\ \HaU-ROd WHcKQRORJ\. SRPH RI WKHVH cOLQLcaO WULaOV addLWLRQaOO\ UHSRUWHd HIILcac\ aJaLQVW
aQ\ LQIHcWLRQ RU aJaLQVW PRUH VHYHUH IRUPV RI dLVHaVH (LQcOXdHd LQ FigXreV 3-7, Table S1), WKRXJK
cRQILdHQcH LQWHUYaOV RQ WKH OaWWHU WHQdHd WR bH YHU\ OaUJH dXH WR OLPLWHd VaPSOH VL]HV aQd WULaO dXUaWLRQV.

WH LdHQWLILHd a WRWaO RI 58 UHaO-ZRUOd YaccLQH HIIHcWLYHQHVV VWXdLHV cRYHULQJ ILYH YaccLQHV WKaW PHW RXU
LQcOXVLRQ cULWHULa  - BNT162b2 (PIL]HU-BLRNTHcK), PRNA-1273 (MRdHUQa), Ad26.COV2.S
(JaQVVHQ/JRKQVRQ & JRKQVRQ), CKAdO[1 QCRV-19 (O[IRUd-AVWUaZHQHca), aQd CRURQaVac (SLQRYac)
(Table 2, FigXre S1, Table S1)5±11,21,53,61±107. TKHVH RbVHUYaWLRQaO VWXdLHV SURYLdHd VE PHWULcV WKaW ZHUH
QRW aYaLOabOH RU HVWLPaWHd ZLWK KLJK XQcHUWaLQW\ LQ cOLQLcaO WULaOV, VXcK aV HIIHcWLYHQHVV aJaLQVW PRUH
VHYHUH RXWcRPHV, aJaLQVW aQ\ SARS-CRV-2 LQIHcWLRQ, aJaLQVW aV\PSWRPaWLc LQIHcWLRQ, aJaLQVW VSHcLILc
cLUcXOaWLQJ SARS-CRV-2 YaULaQWV RI cRQcHUQ, aQd aIWHU RQO\ a VLQJOH dRVH RI WZR-dRVH YaccLQH cRXUVHV
(FigXreV 3-7). IQ JHQHUaO, HIIHcWLYHQHVV HVWLPaWHV ZHUH KLJK IRU IXOO YaccLQH cRXUVHV aQd RYHUOaSSHd
ZLWK HIILcac\ YaOXHV. VaccLQHV aUH PRUH HIILcacLRXV aW SUHYHQWLQJ VHYHUH LQIHcWLRQ RU dHaWK cRPSaUHd WR
V\PSWRPaWLc COVID-19. TKH dHJUHH WR ZKLcK WKH YaccLQH SUHYHQWHd aQ\ LQIHcWLRQ, aQd WKH dHJUHH WR
ZKLcK SaUWLaO cRXUVHV SUHYHQWHd LQIHcWLRQ RU dLVHaVH, YaULHd VLJQLILcaQWO\ b\ SURdXcW. DaWa ZaV
HVSHcLaOO\ VSaUVH IRU VE aJaLQVW dHaWK RU aV\PSWRPaWLc LQIHcWLRQ aQd aJaLQVW WKH GaPPa (P.1) YaULaQW.

TKH PRVW daWa ZaV aYaLOabOH IRU BNT162b2, WKH WZR-dRVH PRNA YaccLQH dHYHORSHd b\
PIL]HU/BLRNTHcK, PaLQO\ dXH WR LWV XVH YHU\ HaUO\ LQ 2021 LQ IVUaHO, WKH UK, aQd WKH US (FigXre 3).
OYHUaOO VE HVWLPaWHV PHaVXUHd aIWHU bRWK dRVHV LQ WKH JHQHUaO SRSXOaWLRQ IRU aOO VWXd\ W\SHV UaQJHd
IURP 90-100% IRU dHaWK, 85-98% IRU VHYHUH LQIHcWLRQ, 80-95% IRU V\PSWRPaWLc dLVHaVH, 65-95% IRU aQ\
LQIHcWLRQ, aQd 65-90% IRU aV\PSWRPaWLc LQIHcWLRQ. TKHVH YaOXHV ZHUH ORZHU aIWHU RQO\ a VLQJOH dRVH:
60-90% IRU VHYHUH LQIHcWLRQ, 30-90% IRU V\PSWRPaWLc dLVHaVH, aQd 20-90% IRU aQ\ LQIHcWLRQ. WKHUH
cRPSaULVRQV ZHUH SRVVLbOH, HIIHcWLYHQHVV YaOXHV IURP RbVHUYaWLRQaO VWXdLHV RYHUOaSSHd ZLWK HIILcac\
HVWLPaWHV IURP cOLQLcaO WULaOV. SRPH VWXdLHV IRXQd ORZHU VE LQ VSHcLaO SRSXOaWLRQV, LQcOXdLQJ UHVLdHQWV RI
ORQJ-WHUP caUH IacLOLWLHV53,92 aQd WKH HOdHUO\91. HHWHURJHQHLWLHV bHWZHHQ VWXdLHV PadH dLUHcW cRPSaULVRQV
RI VE IRU YaULaQWV RI cRQcHUQ dLIILcXOW. A IHZ VWXdLHV ZLWK KHad-WR-KHad cRPSaULVRQV VXJJHVWHd UHdXcHd
VE IRU BTN162b2 aJaLQVW WKH BHWa (B.1.351) aQd DHOWa (B.1.617.2) cRPSaUHd WR AOSKa (B.1.1.7)
YaULaQWV RI cRQcHUQ IRU V\PSWRPaWLc caVHV RU aQ\ LQIHcWLRQ20,21,61,89.

TKH RWKHU aXWKRUL]Hd WZR-dRVH PRNA YaccLQH, MRdHUQa¶V PRNA-1273, ZaV aOVR UHOaWLYHO\ ZHOO-VWXdLHd
baVHd OaUJHO\ RQ daWa IURP WKH USA, CaQada, aQd QaWaU (FigXre 4). AIWHU bRWK dRVHV, RYHUaOO VE
HVWLPaWHV LQ WKH JHQHUaO SRSXOaWLRQ IHOO bHWZHHQ 90-96% IRU VHYHUH dLVHaVH, 87-100% IRU V\PSWRPaWLc
dLVHaVH, 85-98% IRU aQ\ LQIHcWLRQ, aQd 92% IRU aV\PSWRPaWLc LQIHcWLRQ. WLWK RQO\ a VLQJOH dRVH VE
YaOXHV ZHUH 75-80% IRU VHYHUH dLVHaVH, 55-92% IRU V\PSWRPaWLc dLVHaVH, 30-90% IRU aQ\ LQIHcWLRQ,
aQd 45-60% IRU aV\PSWRPaWLc LQIHcWLRQ. NR VWXdLHV WKaW PHW RXU LQcOXVLRQ cULWHULa UHSRUWHd VE aJaLQVW
dHaWK. SWXdLHV LQ QaWaU20,70 HVWLPaWHd VE IRU V\PSWRPaWLc LQIHcWLRQ ZLWK DHOWa aIWHU bRWK dRVHV
cRPSaUHd WR RYHUaOO HVWLPaWHV RU HVWLPaWHV IRU HaUOLHU YaULaQWV (H.J. AOSKa), aQd IRXQd UHdXcWLRQV RI
a10%. SLPLOaU UHdXcWLRQV ZHUH QRW VHHQ IRU VE aJaLQVW PRUH VHYHUH RXWcRPHV RU IRU WKH AOSKa YaULaQW.

AVWUaZHQHca¶V WZR-dRVH YLUaO YHcWRU YaccLQH (AZD1222) ZaV aOVR WKH IRcXV RI PaQ\ VWXdLHV, HVSHcLaOO\
aIWHU RQO\ a VLQJOH dRVH, OLNHO\ dXH WR WKH IacW WKaW WKH UHcRPPHQdHd LQWHUYaO bHWZHHQ dRVHV LV ORQJHU
WKaQ RWKHU YaccLQHV (12 ZHHNV) aQd VRPH cRXQWULHV LQcOXdLQJ WKH UK aQd CaQada adRSWHd WKH VWUaWHJ\
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RI SULRULWL]LQJ ILUVW dRVHV RYHU VHcRQd dRVHV LQ HaUO\ 2021 (FigXre 5). VE aIWHU bRWK dRVHV ZaV 75-100%
IRU VHYHUH dLVHaVH, 65-80% IRU V\PSWRPaWLc dLVHaVH, 60-85% IRU aQ\ LQIHcWLRQ, aQd 15% IRU
aV\PSWRPaWLc LQIHcWLRQ RYHUaOO LQ WKH JHQHUaO SRSXOaWLRQ. AIWHU RQO\ a VLQJOH dRVH, VE UaQJHV ZHUH
85-95% IRU VHYHUH dLVHaVH, 50-75% IRU V\PSWRPaWLc dLVHaVH, aQd 0-95% IRU aQ\ LQIHcWLRQ. TKHUH ZaV
QR HYLdHQcH WKaW WKH AOSKa YaULaQW OHd WR a UHdXcWLRQ LQ VE IRU AZD1222, ZKHUHaV WKH DHOWa YaULaQW
aSSHaUHd WR OHad WR a 10-15% UHdXcWLRQ aJaLQVW V\PSWRPaWLc dLVHaVH RU LQIHcWLRQ aIWHU bRWK dRVHV aQd
a20% aIWHU a VLQJOH dRVH LQ VRPH 21,89 bXW QRW aOO93 VWXdLHV. EYLdHQcH IURP WKH cOLQLcaO WULaO VLWH LQ SRXWK
AIULca51 VXJJHVWHd ORVV RI HIILcac\ aJaLQVW aQ\ V\PSWRPaWLc LQIHcWLRQ ZLWK WKH BHWa YaULaQW, bXW ZLWK
PXcK XQcHUWaLQW\ (VE 10% CI [<0, 55]).

EIIHcWLYHQHVV VWXdLHV RI SLQRYac¶V LQacWLYaWHd YLUXV YaccLQH CRURQaVac ZHUH RQO\ aYaLOabOH IURP CKLOH85

aQd IRU LQdLYLdXaOV >70 \HaUV ROd LQ BUa]LO100, ZKLcK cRPSOHPHQWHd UHVXOWV IURP WKUHH VHSaUaWH cOLQLcaO
WULaOV, LQcOXdLQJ RQH UHVWULcWHd WR KHaOWK caUH ZRUNHUV (FigXre 6). AIWHU bRWK dRVHV, LQ WKH JHQHUaO
SRSXOaWLRQ, VE ZaV 80-86% aJaLQVW dHaWK, 85-100% aJaLQVW VHYHUH dLVHaVH, 65-85% aJaLQVW
V\PSWRPaWLc dLVHaVH, aQd a66% aJaLQVW aQ\ LQIHcWLRQ. WLWK RQO\ RQH dRVH, WKHVH YaOXHV ZHUH
VLJQLILcaQWO\ UHdXcHd, WR 40-46% IRU dHaWK, 37% IRU VHYHUH dLVHaVH, aQd 16% IRU V\PSWRPaWLc dLVHaVH
aQd LQIHcWLRQ. NR VE HVWLPaWHV IRU VSHcLILc YaULaQWV ZHUH aYaLOabOH IURP aQ\ VWXd\, WKRXJK WKH VWXd\ LQ
BUa]LO100 ZaV cRQdXcWHd dXULQJ a WLPH ZKHQ GaPPa (P.1) ZaV SUHdRPLQaQW, ZKLcK cRXOd LQ SaUW H[SOaLQ
- aORQJ ZLWK WKH ROdHU VWXd\ SRSXOaWLRQ - WKH ORZHU VE HVWLPaWHV LQ WKLV VWXd\.

DaWa ZaV VLPLOaUO\ VSaUVH IRU JaQVVHQ/JRKQVRQ & JRKQVRQ¶V Ad26.COV2.S VLQJOH-dRVH YLUaO YHcWRU
YaccLQH, ZLWK cOLQLcaO WULaOV SURYLdLQJ WKH PaMRULW\ RI daWa (FigXre 7). OYHUaOO VE HVWLPaWHV ZHUH 100%
aJaLQVW dHaWK, 85% IRU VHYHUH dLVHaVH, 66% IRU V\PSWRPaWLc dLVHaVH, 12-77% IRU aQ\ LQIHcWLRQ, aQd
65% IRU aV\PSWRPaWLc LQIHcWLRQ. VE aJaLQVW LQIHcWLRQ ZLWK WKH BHWa (B.1.351) YaULaQW ZaV QRW
VLJQLILcaQWO\ UHdXcHd dXULQJ WKH cOLQLcaO WULaO LQ SRXWK AIULca36.

AOWKRXJK aW WKH WLPH RI ZULWLQJ WKHUH ZHUH aW OHaVW 12 RWKHU COVID-19 YaccLQHV WKaW Kad UHcHLYHd
HPHUJHQc\ aXWKRUL]aWLRQ IRU ZLdHVSUHad XVH LQ aW OHaVW RQH cRXQWU\, ZH cRXOd QRW ORcaWH HIIHcWLYHQHVV
VWXdLHV PHHWLQJ RXU LQcOXVLRQ cULWHULa. TKLV ZaV HVSHcLaOO\ QRWabOH IRU GaPaOH\a¶V SSXWQLN V aQd
SLQRSKaUP-BHLMLQJ¶V BBIBP-CRUV, ZKLcK KaYH HacK bHHQ dHSOR\Hd LQ dR]HQV RI cRXQWULHV (Table 1).

DiVcXVVion

TKH dHYHORSPHQW RI COVID-19 YaccLQHV KaV bHHQ aQ aVWRXQdLQJ IHaW RI VcLHQcH. WLWKLQ a \HaU RI
dHWHcWLQJ WKH ILUVW RXWbUHaN aQd LVROaWLQJ WKH SARS-CRV-2 YLUXV, PXOWLSOH YaccLQHV ZHUH bHLQJ dHSOR\Hd
aURXQd WKH ZRUOd. IQ WKLV UHYLHZ, ZH V\VWHPaWLcaOO\ cROOHcWHd aQd UHSRUWHd HIILcac\ aQd HIIHcWLYHQHVV
(³VE´) YaOXHV b\ YaccLQH SOaWIRUP, dLVHaVH RXWcRPH, QXPbHU RI dRVHV, aQd SARS-CRV-2 YaULaQW. TKHVH
ILQdLQJV dHPRQVWUaWHd URbXVW HYLdHQcH IRU WKH KLJK VE RI COVID-19 YaccLQHV bRWK LQ cOLQLcaO WULaOV aQd
UHaO-ZRUOd VHWWLQJV. WH IRXQd WKaW acURVV aOO YaccLQH SOaWIRUPV, SURWHcWLRQ aJaLQVW VHYHUH LQIHcWLRQ RU
dHaWK LQ WKH JHQHUaO SRSXOaWLRQ ZaV aW OHaVW 80% aQd RIWHQ cORVH WR 100%.  VE aJaLQVW V\PSWRPaWLc
dLVHaVH ZaV KHWHURJHQHRXV bHWZHHQ YaccLQH SURdXcWV aQd VWXdLHV bXW ZaV aOPRVW aOZa\V JUHaWHU WKaQ
65% aQd RIWHQ JUHaWHU WKaQ 90%. TKH YaVW PaMRULW\ RI VWXdLHV VKRZHd WKaW YaccLQHV SURYLdHd SURWHcWLRQ
aJaLQVW LQIHcWLRQ LWVHOI - QRW MXVW dLVHaVH - dHPRQVWUaWLQJ WKH SRWHQWLaO IRU LQdLUHcW SURWHcWLYH HIIHcWV (L.H.,
³KHUd LPPXQLW\´). TKH dHJUHH RI SURWHcWLRQ RIIHUHd b\ RQO\ a VLQJOH dRVH RI WZR-dRVH YaccLQH cRXUVHV
YaULHd b\ SURdXcW. MRVW YaccLQHV UHWaLQHd KLJK OHYHOV RI SURWHcWLRQ IRU PRVW SARS-CRV-2 YaULaQWV RI
cRQcHUQ, HVSHcLaOO\ aJaLQVW VHYHUH RXWcRPHV. A IHZ VWXdLHV SURYLdHd HYLdHQcH RI VOLJKW UHdXcWLRQV LQ
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VE IRU LQIHcWLRQ RU PLOd dLVHaVH ZLWK WKH BHWa (B.1.351) aQd DHOWa (B.1.617.2) VWUaLQV. NR VWXdLHV
PHHWLQJ RXU LQcOXVLRQ cULWHULa SURYLdHd VE HVWLPaWHV IRU WKH GaPPa (P.1) VWUaLQ.

TKHUH aUH VHYHUaO LPSRUWaQW cRPSRQHQWV RI COVID-19 YaccLQH HIILcac\/HIIHcWLYHQHVV WKaW ZH dLd QRW
addUHVV LQ WKLV VWXd\. IQdLYLdXaOV SUHYLRXVO\ LQIHcWHd ZLWK COVID-19 WHQd WR KaYH HOHYaWHd OHYHOV RI
QHXWUaOL]LQJ aQWLbRdLHV (QAb) aJaLQVW SARS-CRV-2, aQd VRPH VWXdLHV KaYH dHPRQVWUaWHd WKaW ZLWK RQO\
a VLQJOH YaccLQH dRVH WKHVH LQdLYLdXaOV WHQd WR UHacK VLPLOaU QAb OHYHOV aV LQdLYLdXaOV ZLWKRXW a KLVWRU\
RI LQIHcWLRQ UHacK RQO\ aIWHU WZR dRVHV108±110. TKXV, VE cRXOd dLIIHU b\ VHURVWaWXV. SRPH cOLQLcaO WULaOV
H[cOXdHd LQdLYLdXaOV VHURSRVLWLYH aW baVHOLQH aQd WKRVH WKaW dLd QRW JHQHUaOO\ dLd QRW KaYH HQRXJK
SRZHU WR WHVW IRU dLIIHUHQcHV LQ VE b\ VHURVWaWXV aW baVHOLQH. IQ QaWaU, RQH RbVHUYaWLRQaO VWXd\ IRXQd
WKaW WKH YaccLQH HIIHcWLYHQHVV RI BNT162b2 (PIL]HU) ZaV LQcUHaVHd LQ LQdLYLdXaOV ZLWK a SUHYLRXV KLVWRU\
RI LQIHcWLRQ111, aQd aQRWKHU IRXQd WKaW aPRQJ XQYaccLQaWHd SHUVRQV, SULRU LQIHcWLRQ UHdXcHd WKH ULVN RI
QHZ LQIHcWLRQ b\ 74%112. BHcaXVH LQIHcWLRQ UHVXOWV LQ QaWXUaO LPPXQLW\, LQcOXdLQJ SHUVRQV SUHYLRXVO\
LQIHcWHd ZLWK SARS-CRV-2 LQ WKH XQYaccLQaWHd JURXS caQ bLaV HVWLPaWHV RI VE dRZQZaUd. OI 58
RbVHUYaWLRQaO VWXdLHV LQcOXdHd LQ WKLV UHYLHZ, 19 LQcOXdHd SHUVRQV ZLWK SUHYLRXV SARS-CRV-2 LQIHcWLRQ.

KQRZOHdJH JaLQHd IURP VWXd\LQJ YaccLQHV IRU RWKHU SaWKRJHQV LQ KXPaQV aQd aQLPaOV VKRZV WKaW WLPH
Pa\ bH aQ LPSRUWaQW dLPHQVLRQ IRU YaccLQH HIILcac\. AIWHU YaccLQaWLRQ (RU LQIHcWLRQ), WKHUH LV a
QHcHVVaU\ SHULRd dXULQJ ZKLcK aQWLbRd\-SURdXcLQJ SOaVPa cHOOV aQd WKHLU B cHOO SUHcXUVRUV H[SaQd WR
OHYHOV QHcHVVaU\ WR UHdXcH WKH ULVN RI LQIHcWLRQ RU dLVHaVH aIWHU aQ H[SRVXUH113. TKLV LQWHUYaO LV RIWHQ
HVWLPaWHd aV aURXQd 2 ZHHNV, ZKLcK LV ZK\ VWXdLHV aOPRVW aOZa\V cRXQW RQO\ caVHV aIWHU WKLV WLPH
SHULRd ZKHQ caOcXOaWLQJ VE29,114,115. HRZHYHU, SURWHcWLRQ caQ cRQWLQXH WR LQcUHaVH IRU a IHZ PRQWKV, aV
VXJJHVWHd LQ WKH JaQVVHQ (Ad26.COV2.S) WULaO36. OYHU ORQJHU WLPH SHULRdV, LPPXQH SURWHcWLRQ LV
PaLQWaLQHd b\ ORQJ-OLYHd SOaVPa cHOOV aQd PHPRU\ B aQd T cHOOV, bXW QXPbHUV RI WKHVH cHOOV caQ dHca\
RYHU WLPH, OHadLQJ WR ZaQLQJ LQ VE29,31,113,114,116. WKLOH PRVW VWXdLHV UHYLHZHd KHUH ZHUH cRQdXcWHd LQ a
VKRUW WLPH SHULRd aIWHU YaccLQaWLRQ (< 6 PRQWKV) aQd dLd QRW H[aPLQH ZaQLQJ, WKLV LV cXUUHQWO\ a cULWLcaO
LVVXH IRU COVID-19 YaccLQHV, aQd QHZ VWXdLHV ZLOO KHOS addUHVV WKLV TXHVWLRQ RYHU WKH QH[W \HaU.
SHYHUaO UHcHQW UHSRUWV KaYH VXJJHVWHd UHdXcWLRQV LQ VE RYHU WLPH16,41,117±120, ZKLOH WKH WHO UHJaUdV
cXUUHQW HYLdHQcH aV LQcRQcOXVLYH aQd VWUHVVHV SULRULWL]aWLRQ RI SULPaU\ dRVHV121. DHVSLWH WKLV, VHYHUaO
JRYHUQPHQWV KaYH aOUHad\ bHJXQ adPLQLVWHULQJ addLWLRQaO ³bRRVWHU´ dRVHV (H.J., FUaQcH122, IVUaHO123),
aQd RWKHUV KaYH aQQRXQcHd WHQWaWLYH SOaQV WR dR VR LQ WKH IXWXUH (H.J., US124).

FRU PXOWL-dRVH YaccLQH UHJLPHQV, WKH WLPH LQWHUYaO bHWZHHQ WKH LQLWLaO dRVH aQd aQ\ IROORZ XS dRVHV
Pa\ aIIHcW WKH RYHUaOO VE. WKLOH IHZ cOLQLcaO WULaOV LQcOXdHd YaULaWLRQ LQ dRVH VSacLQJ, WKH WULaO RI
AZD1222 (AVWUaZHQHca) YaULHd WKH LQWHUYaO bHWZHHQ dRVHV aQd IRXQd WKaW HIILcac\ LQcUHaVHd IURP 55%
ZLWK OHVV WKaQ 6 ZHHNV bHWZHHQ dRVHV WR 81% ZLWK PRUH WKaQ 12 ZHHNV50. IQ UHaO-ZRUOd VHWWLQJV, WKLV
LQWHUYaO RIWHQ YaULHd dXH WR H[SOLcLW SROLcLHV RI dHOa\LQJ VHcRQd dRVHV LQ IaYRU RI XQLYHUVaO SaUWLaO
YaccLQaWLRQ125,126, aOORZLQJ IRU HYaOXaWLRQ RI LWV LPSacW RQ bRWK QAb OHYHOV aQd VE7,16,127. CXUUHQWO\, ZKLOH
PRVW YaccLQH PaQXIacWXUHUV aQd LQWHUQaWLRQaO adYLVRU\ cRPPLWWHHV (LQcOXdLQJ WHO128) UHcRPPHQd WKaW
LQLWLaO aQd VXbVHTXHQW YaccLQH dRVHV bH ZLWK WKH VaPH SURdXcW - aV WKLV ZaV WKH UHJLPHQ WHVWHd LQ
cOLQLcaO WULaOV - PaQ\ cRXQWULHV KaYH adRSWHd PRUH IOH[LbOH SROLcLHV aOORZLQJ IRU ³PL[LQJ aQd PaWcKLQJ´ RI
dRVHV129±131, RIWHQ LQ UHVSRQVH WR VXSSO\ cRQVWUaLQWV. IQ LPPXQRORJ\, WKLV VWUaWHJ\ LV WHUPHd
³KHWHURORJRXV SULPH bRRVW´ 132 aQd KaV bHHQ H[SOLcLWO\ LQYHVWLJaWHd LQ YaccLQH VWXdLHV aV a Za\ RI
HQKaQcLQJ WKH VWUHQJWK aQd bUHadWK RI LPPXQLW\ (H.J., IRU HIV133, LQIOXHQ]a134, aQd EbROa135).
GaPaOH\a¶V SSXWQLN V YaccLQH XVHV WZR dLIIHUHQW PRdLILHd adHQRYLUXVHV WR dHOLYHU WKH JHQH IRU WKH
SARS-CRV-2 VSLNH SURWHLQ LQ WKH ILUVW (Ad26) YV VHcRQd dRVHV (Ad5)42. PUHOLPLQaU\ VWXdLHV KaYH VKRZQ
WKaW bRRVWLQJ AVWUaZHQHca¶V AZD1222 YaccLQH ZLWK PIL]HU¶V BNT162b2 RU MRdHUQa¶V PRNA-1273
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LQcUHaVHV QAb OHYHOV cRPSaUHd WR WZR dRVHV RI AZD1222 aORQH136±140, aQd aQ RbVHUYaWLRQaO VWXd\ LQ
DHQPaUN IRXQd aQ HIIHcWLYHQHVV RI 88% aJaLQVW SARS-CRV-2 LQIHcWLRQ IRU WKH cRPbLQaWLRQ RI 1 dRVH RI
AZD1222 aQd a VHcRQd dRVH RI HLWKHU PRNA YaccLQH80. FXUWKHU ZRUN LV QHHdHd WR XQdHUVWaQd ZKLcK
YaccLQH cRPbLQaWLRQV aUH VaIH aQd HIIHcWLYH IRU COVID-19.

AW aQ LQdLYLdXaO OHYHO, WKH JRaO RI YaccLQaWLRQ aJaLQVW COVID-19 LV WR SUHYHQW PRUbLdLW\ (H.J. V\PSWRPV,
KRVSLWaOL]aWLRQ, dHaWK), bXW IURP a SRSXOaWLRQ-OHYHO SHUVSHcWLYH, WKHUH LV aQ addLWLRQaO JRaO RI UHdXcLQJ
WUaQVPLVVLRQ. TKH addLWLRQaO LQdLUHcW SURWHcWLRQ RIIHUHd b\ YaccLQHV VORZV WKH VSUHad RI LQIHcWLRQ, aQd
UHPRYHV WKH QHHd IRU cRPSOHWH YaccLQH cRYHUaJH, ZKLcK LV cXUUHQWO\ a cKaOOHQJH aV QR YaccLQH LV
aSSURYHd \HW IRU XVH LQ cKLOdUHQ. FRU LQdLYLdXaOV ZKR bHcRPH LQIHcWHd ZLWK SARS-CRV-2 dHVSLWH
YaccLQaWLRQ (L.H., ³bUHaNWKURXJK´ LQIHcWLRQ), aQ LPSRUWaQW addLWLRQaO HIILcac\ PHWULc LV WKH UHdXcWLRQ LQ
WKHLU SRWHQWLaO IRU WUaQVPLVVLRQ141. A IHZ VWXdLHV KaYH HVWLPaWHd WKLV UHdXcWLRQ IRU COVID-19 b\
HQUROOLQJ aQd WHVWLQJ cORVH cRQWacWV RI caVHV11,87,96,142±145. SARS-CRV-2 YLUaO ORad LQ WKH UHVSLUaWRU\ WUacW
LV H[SHcWHd WR bH a dHWHUPLQaQW RI WUaQVPLVVLRQ ULVN, aQd RWKHU VWXdLHV KaYH PHaVXUHd UHdXcWLRQV LQ
YLUaO ORad LQ bUHaNWKURXJK (YHUVXV XQYaccLQaWHd) caVHV16,101,107,146. TKH abLOLW\ RI COVID-19 YaccLQHV WR
UHdXcH WUaQVPLVVLRQ, HVSHcLaOO\ LQ LQdLYLdXaOV ZLWK aV\PSWRPaWLc RU PLOd LQIHcWLRQ, LV H[SHcWHd WR bH
HVSHcLaOO\ LPSRUWaQW aV YaccLQH accHVV LV H[SaQdHd WR cKLOdUHQ, LQ ZKRP LQIHcWLRQ WHQdV WR bH PLOd.

IQ cRQcOXVLRQ, daWa IURP a ZLdH YaULHW\ RI VWXd\ W\SHV aQd VHWWLQJV dHPRQVWUaWH WKaW COVID-19
YaccLQHV SURYLdH KLJK OHYHOV RI SURWHcWLRQ aJaLQVW VHYHUH dLVHaVH, aQd addLWLRQaOO\ SURWHcW aJaLQVW
LQIHcWLRQ aQd PLOd dLVHaVH, HYHQ IRU PaMRU SARS-CRV-2 YaULaQWV RI cRQcHUQ.
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FIGURES & TABLES
CoXnWrieV PhaVe 3 Efficac\ Trial

Vaccine Name
Vaccine

W\pe WHO SWaWXV DeYeloped in
# UVing aV
of 15/9/21 DaWa? CIV?

Peer
reYieZed? Ref

AVWraZeneca/
O[ford

AZD1222
CKAdO[1-
QCRV-19 YLUaO YHcWRU EUL AXWKRUL]Hd UK 121 YHV YHV YHV

38,50,51,55

Pfi]er/
BioNTech BNT162b2 PRNA EUL AXWKRUL]Hd GHUPaQ\ 97 YHV YHV YHV

22,41,56

Gamale\a
InVWiWXWe

SSXWQLN V
GaP-COVID-Vac YLUaO YHcWRU

SXbPLVVLRQ
LQ PURJUHVV RXVVLa 71 YHV YHV YHV

42

Moderna PRNA-1273 PRNA EUL AXWKRUL]Hd USA 68 YHV YHV YHV
37

Sinopharm-
Beijing BBIBP-CRUV

LQacWLYaWHd
YLUXV EUL AXWKRUL]Hd CKLQa 60 YHV YHV YHV

57

JanVVen/
JohnVon &
JohnVon

Ad26.COV2.S
YLUaO YHcWRU EUL AXWKRUL]Hd USA 59 YHV YHV YHV

36

SinoYac CRURQaVac LQacWLYaWHd
YLUXV EUL AXWKRUL]Hd CKLQa 39 YHV YHV YHV

43,44,58

BharaW BioWech BBV152 LQacWLYaWHd
YLUXV EOI AccHSWHd IQdLa 9 YHV YHV NR

35

CanSinoBIO Ad5-QCRV YLUaO YHcWRU EOI AccHSWHd CKLQa 8 YHV NR NR

AnhXi Zhifei
Longcom ZIFIVAX

SURWHLQ
VXbXQLW

SXbPLVVLRQ
LQ PURJUHVV CKLQa 2 NR NR NR

BioCXbaFarma
SRbHUaQa 02
FINLAY-FR-2 cRQMXJaWH

SXbPLVVLRQ
LQ PURJUHVV CXba 2 YHV YHV NR

59

VecWor InVWiWXWe ESLVacCRURQa
SURWHLQ
VXbXQLW

SXbPLVVLRQ
LQ PURJUHVV RXVVLa 2 NR NR NR

BioCXbaFarma
AbdaOa
CIGB-66

SURWHLQ
VXbXQLW

SXbPLVVLRQ
LQ PURJUHVV CXba 1 YHV YHV NR

60

BioKangWai KCONVAC
LQacWLYaWHd
YLUXV

SXbPLVVLRQ
LQ PURJUHVV CKLQa 1 NR NR NR

ChXmakoY
CenWer KRYLVac

LQacWLYaWHd
YLUXV

SXbPLVVLRQ
LQ PURJUHVV RXVVLa 1 NR NR NR

IMBCAMS CRYLdIXO
LQacWLYaWHd
YLUXV

SXbPLVVLRQ
LQ PURJUHVV CKLQa 1 NR NR NR

Sinopharm-
WXhan WIBP-CRUV

LQacWLYaWHd
YLUXV EOI AccHSWHd CKLQa 1 YHV YHV YHV

57

Ka]akhVWan
RIBSP Qa]CRYLd-LQ

LQacWLYaWHd
YLUXV

SXbPLVVLRQ
LQ PURJUHVV Ka]aNKVWaQ 1 NR NR NR

Shifa COVIUaQ BaUaNaW
LQacWLYaWHd
YLUXV

SXbPLVVLRQ
LQ PURJUHVV IUaQ 1 NR NR NR

BioCXbaFarma
SRbHUaQa 02+
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SXbPLVVLRQ
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59

CloYer SCB-2019
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VXbXQLW

SXbPLVVLRQ
LQ PURJUHVV CKLQa 0 NR NR NR

CXreVac CVQCRV PRNA EOI AccHSWHd GHUPaQ\ 0 YHV NR NR

NoYaYa[ NVX-CRV2373 SURWHLQ
VXbXQLW EOI AccHSWHd USA 0 YHV YHV YHV

39,40,52

Sanofi
CRV2 SUHS
dTM-AS03

SURWHLQ
VXbXQLW EOI AccHSWHd FUaQcH 0 NR NR NR
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Table 1:  SWaWXV of COVID-19 YaccineV ZiWhin Whe World HealWh Organi]aWion Emergenc\ UVe LiVWing
eYalXaWion proceVV. VaccLQH SURdXcWV aUH OLVWHd LQ dHVcHQdLQJ RUdHU baVHd RQ WKH QXPbHU RI cRXQWULHV LQ ZKLcK
WKH YaccLQH LV cXUUHQWO\ LQ XVH. VaccLQHV LQcOXdHd LQ WKH cXUUHQW VWXd\ - baVHd RQ aYaLOabLOLW\ RI HIILcac\ daWa IURP
PKaVH 3 cOLQLcaO WULaOV - aUH KLJKOLJKWHd LQ JUH\. AbbUHYLaWLRQV: EUL = HPHUJHQc\ XVH OLVWLQJ, EOI = H[SUHVVLRQ RI
LQWHUHVW, CI = cRQILdHQcH LQWHUYaO. VaccLQH dHWaLOV ZHUH RbWaLQHd IURP McGLOO UQLYHUVLW\¶V COVID-19 VaccLQH
TUacNHU: KWWSV://cRYLd19.WUacNYaccLQHV.RUJ/, ZKLcK aJJUHJaWHV daWa IURP PXOWLSOH VRXUcHV.  OULJLQaO VRXUcH IRU
WHO EUL VWaWXV :
KWWSV://H[WUaQHW.ZKR.LQW/STZHb/NH\-UHVRXUcHV/dRcXPHQWV/VWaWXV-cRYLd-19-YaccLQHV-ZLWKLQ-ZKR-HXOST-HYaOXaWLRQ-SU
RcHVV
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Vaccine

AZD1222
(O[ford-

AVWraZeneca)

BNT162b2
(Pfi]er-

BioNTech)
CoronaVac
(SinoYac)

mRNA-1273
(Moderna)

Ad26.COV2.S
(JanVVen/JohnVon

& JohnVon)

ToWal (NXmber) 22 51 2 14 2

OXWcome W\pe

DHaWK 1 6 2 0 0

SHYHUH dLVHaVH 10 22 2 7 0

S\PSWRPaWLc dLVHaVH 9 19 1 5 0

AV\PSWRPaWLc
LQIHcWLRQ 0 5 0 1 0

AQ\ LQIHcWLRQ 11 34 1 11 2

PopXlaWion W\pe

GHQHUaO SRSXOaWLRQ 12 24 1 10 1

HHaOWK caUH ZRUNHUV 1 9 0 2 0

HRVSLWaO SaWLHQWV 1 4 0 1 0

LTCF UHVLdHQWV 1 3 0 0 0

OOdHU adXOWV (� 65
\HaUV) 7 10 1 1 0

CKURQLcaOO\ LOO 1 0 0 0 0

PUHJQaQW ZRPHQ 0 1 0 0 0

PULRULW\ JURXSV 0 1 0 0 0

SWXd\ deVign

THVW-QHJaWLYH caVH
cRQWURO 9 18 1 9 0

TUadLWLRQaO
caVH-cRQWURO 0 2 0 0 0

PURVSHcWLYH cRKRUW 6 11 1 1 0

RHWURVSHcWLYH cRKRUW 6 20 0 5 2

ScUHHQLQJ PHWKRd 1 2 0 0 0

# of doVeV

CRPSOHWH 6 33 2 8 1

PaUWLaO 18 36 2 9 N/A

BRWK 9 30 2 0

VarianWV of concern

AOSKa 4 6 0 3 0

BHWa 0 2 0 2 0

GaPPa 0 0 0 0 0

DHOWa 4 5 0 1 0

Table 2. SXmmar\ of Yaccine effecWiYeneVV VWXdieV. NXPbHU RI VWXdLHV RI HacK W\SH LQcOXdHd LQ WKH UHYLHZ. NR
VWXdLHV UHSRUWHd IRU RWKHU YaccLQH caQdLdaWHV PHW RXU LQcOXVLRQ cULWHULa (VHH MHWKRdV). DHWaLOV RI aOO WKH
LQdLYLdXaO VWXdLHV aUH LQcOXdHd LQ Table S1.
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FigXre 1. Local conWe[W of PhaVe 3 clinical WrialV of COVID-19 YaccineV. FRU HacK cRXQWU\, WKH WLPH SHULRd
dXULQJ ZKLcK RXWcRPHV ZHUH RbVHUYHd dXULQJ HacK YaccLQH WULaO LV VKadHd JUH\. FRU HacK WZR ZHHN SHULRd, WKH
aYHUaJH daLO\ LQcLdHQcH RI UHSRUWHd caVHV LV VKRZQ (KHLJKW RI baUV)147. TKH cRQWULbXWLRQ RI HacK PaMRU YaULaQW RI
cRQcHUQ WR WRWaO caVH cRXQWV LV HVWLPaWHd IURP WKH UHSRUWHd IUacWLRQ RI VHTXHQcHd SARS-CRV-2 VaPSOHV
bHORQJLQJ WR WKaW VWUaLQ (ILOO cRORU)148. FLJXUH LQcOXdHV RQO\ YaccLQH WULaOV dHVcULbHd LQ SXbOLVKHd RU SUH-SULQW UHSRUWV,
WULaO VLWHV ZLWK aW OHaVW 10,000 LQdLYLdXaOV IURP WKH JHQHUaO adXOW SRSXOaWLRQ, aQd cRXQWULHV UHJXOaUO\ UHSRUWLQJ
SARS-CRV-2 OLQHaJHV WR WKH GISAID daWabaVH.
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FigXre 2.  Vaccine efficac\ (VE) againVW V\mpWomaWic COVID-19, from PhaVe 3 clinical WrialV. EacK HIILcac\
YaOXH LV IRU WKH cRPSOHWH YaccLQH cRXUVH (1 dRVH IRU Ad26.COV2.S/JaQVVHQ, 3 dRVHV IRU BLRCXbaFaUPa/AbdaOa
aQd SRbHUaQa02+/BLRCXbaFaUPa, aQd 2 dRVHV IRU aOO RWKHUV).

25

 . CC-BY 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 25, 2021. ; https://doi.org/10.1101/2021.09.17.21263549doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.17.21263549
http://creativecommons.org/licenses/by/4.0/


26

 . CC-BY 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 25, 2021. ; https://doi.org/10.1101/2021.09.17.21263549doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.17.21263549
http://creativecommons.org/licenses/by/4.0/


FigXre 3.  Vaccine efficac\ and effecWiYeneVV (³VE´) eVWimaWeV for BNT162b2, a WZo-doVe mRNA Yaccine
deYeloped b\ Pfi]er/BioNTech. EVWLPaWHV aUH cRORUHd b\ WKH YLUaO YaULaQW aJaLQVW ZKLcK WKH VE YaOXH ZaV
PHaVXUHd. SROLd PaUNHUV aUH HVWLPaWHV IURP UaQdRPL]Hd cOLQLcaO WULaOV (HIILcac\ YaOXHV), aQd RSHQ PaUNHUV aUH
HVWLPaWHV IURP RbVHUYaWLRQaO VWXdLHV (HIIHcWLYHQHVV YaOXHV). TKH VRXUcH RI HacK HVWLPaWH LV JLYHQ b\ WKH OabHOV RQ
WKH OHIW VLdH ( ³(UHIHUHQcH QXPbHU) CRXQWU\, SRSXOaWLRQ´). WLWKLQ HacK dLVHaVH VHYHULW\ OHYHO, HVWLPaWHV aUH RUdHUHd
aOSKabHWLcaOO\ b\ cRXQWU\, aQd WKHQ b\ SRSXOaWLRQ
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FigXre 4.  Vaccine efficac\ and effecWiYeneVV (³VE´) eVWimaWeV for mRNA-1273, a WZo-doVe mRNA Yaccine
deYeloped b\ Moderna. EVWLPaWHV aUH cRORUHd b\ WKH YLUaO YaULaQW aJaLQVW ZKLcK WKH VE YaOXH ZaV PHaVXUHd.
SROLd PaUNHUV aUH HVWLPaWHV IURP UaQdRPL]Hd cOLQLcaO WULaOV (HIILcac\ YaOXHV), aQd RSHQ PaUNHUV aUH HVWLPaWHV
IURP RbVHUYaWLRQaO VWXdLHV (HIIHcWLYHQHVV YaOXHV). TKH VRXUcH RI HacK HVWLPaWH LV JLYHQ b\ WKH OabHOV RQ WKH OHIW
VLdH ( ³(UHIHUHQcH QXPbHU) CRXQWU\, SRSXOaWLRQ´). WLWKLQ HacK dLVHaVH VHYHULW\ OHYHO, HVWLPaWHV aUH RUdHUHd
aOSKabHWLcaOO\ b\ cRXQWU\, aQd WKHQ b\ SRSXOaWLRQ.
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FigXre 5.  Vaccine efficac\ and effecWiYeneVV (³VE´) eVWimaWeV for AZD1222, a WZo-doVe Yiral YecWor
Yaccine deYeloped b\ AVWraZeneca. EVWLPaWHV aUH cRORUHd b\ WKH YLUaO YaULaQW aJaLQVW ZKLcK WKH VE YaOXH ZaV
PHaVXUHd. SROLd PaUNHUV aUH HVWLPaWHV IURP UaQdRPL]Hd cOLQLcaO WULaOV (HIILcac\ YaOXHV), aQd RSHQ PaUNHUV aUH
HVWLPaWHV IURP RbVHUYaWLRQaO VWXdLHV (HIIHcWLYHQHVV YaOXHV). TKH VRXUcH RI HacK HVWLPaWH LV JLYHQ b\ WKH OabHOV RQ
WKH OHIW VLdH ( ³(UHIHUHQcH QXPbHU) CRXQWU\, SRSXOaWLRQ´). WLWKLQ HacK dLVHaVH VHYHULW\ OHYHO, HVWLPaWHV aUH RUdHUHd
aOSKabHWLcaOO\ b\ cRXQWU\, aQd WKHQ b\ SRSXOaWLRQ.
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FigXre 6.  Vaccine efficac\ and effecWiYeneVV (³VE´) eVWimaWeV for CoronaVac, a WZo-doVe
inacWiYaWed YirXV Yaccine deYeloped b\ SinoYac. EVWLPaWHV aUH cRORUHd b\ WKH YLUaO YaULaQW aJaLQVW
ZKLcK WKH VE YaOXH ZaV PHaVXUHd. SROLd PaUNHUV aUH HVWLPaWHV IURP UaQdRPL]Hd cOLQLcaO WULaOV (HIILcac\
YaOXHV), aQd RSHQ PaUNHUV aUH HVWLPaWHV IURP RbVHUYaWLRQaO VWXdLHV (HIIHcWLYHQHVV YaOXHV). TKH VRXUcH RI
HacK HVWLPaWH LV JLYHQ b\ WKH OabHOV RQ WKH OHIW VLdH ( ³(UHIHUHQcH QXPbHU) CRXQWU\, SRSXOaWLRQ´). WLWKLQ
HacK dLVHaVH VHYHULW\ OHYHO, HVWLPaWHV aUH RUdHUHd aOSKabHWLcaOO\ b\ cRXQWU\, aQd WKHQ b\ SRSXOaWLRQ.

FigXre 7.  Vaccine efficac\ and effecWiYeneVV (³VE´) eVWimaWeV for Ad26.COV2.S, a Vingle-doVe
Yiral YecWor Yaccine deYeloped b\ JanVVen/JohnVon & JohnVon. EVWLPaWHV aUH cRORUHd b\ WKH YLUaO
YaULaQW aJaLQVW ZKLcK WKH VE YaOXH ZaV PHaVXUHd. SROLd PaUNHUV aUH HVWLPaWHV IURP UaQdRPL]Hd cOLQLcaO
WULaOV (HIILcac\ YaOXHV), aQd RSHQ PaUNHUV aUH HVWLPaWHV IURP RbVHUYaWLRQaO VWXdLHV (HIIHcWLYHQHVV YaOXHV).
TKH VRXUcH RI HacK HVWLPaWH LV JLYHQ b\ WKH OabHOV RQ WKH OHIW VLdH ( ³(UHIHUHQcH QXPbHU) CRXQWU\,
SRSXOaWLRQ´). WLWKLQ HacK dLVHaVH VHYHULW\ OHYHO, HVWLPaWHV aUH RUdHUHd aOSKabHWLcaOO\ b\ cRXQWU\, aQd WKHQ
b\ SRSXOaWLRQ.
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FigXre 8. Vaccine efficac\ and effecWiYeneVV (³VE´, %) eVWimaWeV b\ SARS-CoV-2 YarianWV of
concern. EVWLPaWHV aUH cRORUHd b\ WKH YaccLQH IRU ZKLcK WKH VE YaOXH ZaV PHaVXUHd. SROLd PaUNHUV aUH
HVWLPaWHV IURP UaQdRPL]Hd cOLQLcaO WULaOV (HIILcac\ YaOXHV), aQd RSHQ PaUNHUV aUH HVWLPaWHV IURP
RbVHUYaWLRQaO VWXdLHV (HIIHcWLYHQHVV YaOXHV). TKH VRXUcH RI HacK HVWLPaWH LV JLYHQ b\ WKH OabHOV RQ WKH OHIW
VLdH ( ³(UHIHUHQcH QXPbHU) CRXQWU\, SRSXOaWLRQ´). WLWKLQ HacK dLVHaVH VHYHULW\ OHYHO, HVWLPaWHV aUH
RUdHUHd aOSKabHWLcaOO\ b\ cRXQWU\, aQd WKHQ b\ SRSXOaWLRQ.
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