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INSIGHTS|PERSPECTIVES

shouldbeconsideredwhenselectingnew
vaccinestrains.
Akeyquestioniswhethervaccinationwith
anupdatedvariantwouldinducedenovo
responsestothatstrainorifonlyrecallre-
sponsesagainstsharedepitopeswouldbe
mounted.Ithasbeenobserved,forexample,
withinfluenzavirus,thatthefirstexposures
toantigenleaveanimmunologicalimprint-
immunememory-thatthenskewsresponses
tonewbutrelatedstrainstowardepitopes
thataresharedbetweentheinitialstrainand
thenewstrain,withlittledenovoresponse
specificforthenewstrain.ForCOVID-19vac-
cines,serumantibodytitersinducedbybi-
valentvaccinesconsistofantibodiesspecific
totheancestralspikeandantibodiesthat
arecross-reactivebetweenbothspikes(14).
However,BA.5-specificreactivityinserum
samplesofrecipientsofbivalentBA.5vac-
cineswasnotdetected(14).Thissuggeststhat
theinitialresponsetobivalentBA.5vaccina-
tionismostlyarecallresponsefocusingon
sharedepitopes(seethefigure).Consistently,
only6of378memoryBcell-derivedspike
monoclonalantibodies(mAbs)thatwere
isolatedfromindividualsboostedwitha
monovalentBA.1vaccinerecognizedtheBA.I
spikeprotein,butnottheancestralone(15).
AllremainingmAbsidentifiedbothspike
proteins.Thesedatasuggestthat,although

BA.1orBA.5spikesequence-specificreactiv-
ityisnotdetectibleinserumafterbooster
vaccination,theimmunesystemiscapableof
inducingBA.1-andBA.5-specificBcellsthat
becomepartofthememoryBcellpool.
Thesefindingsarenotnecessarilybad
news.Cross-reactiveBcellsmayexpressneu-

tralizingantibodiesthatalreadybindwith
highaffinitytothenewvariant.Somemay
bindwithlowaffinitybutcanundergoad-
ditionalroundsofaffinitymaturationtoen-

hancebindingtothespikeantigen.Itmakes
sensethatbiochemicalsolutionsforanti-
body-antigeninteractionsarereoptimized
foranantigenthathaschanged,insteadof
findingnewbindingsolutions.Notably,apo-
tentlyneutralizingcross-reactiveantibodyis
asgoodasadenovostrainspecificneutral-
izingantibodywiththesamepotencyifboth
arepresentatthesametiter.Thus,cross-reac-
tiveneutralizingantibodiesarelikelytobeas
protectiveasstrain-specificones.Inaddition,
thedenovoresponsedetectedinthememory
compartment,evenifoccurringataverylow
frequency,couldbeexpandedbyanencoun-
terwithavariantvirusrelatedtoOmicron.
Overall,giventheefficiencyofengaging
cross-reactivememoryBcellsbyOmicron-

derivedspikeantigens,thecontinuedinclu-
sionoftheancestralstraininboosterimmu-
nizationsishighlyquestionable.

Inthemeantime,SARS-CoV-2hasnot
stoppedevolving.ThelastdominantBA.5
descendant,BQ.1.1,hasbeenoutcompeted
brecombinantBA.2descendantsoftheXBB
lineage,includingEG.5,whichisincreasing
infrequencyandshowsastrongerimmune
escapephenotype.AnewBA.2-derivedlin-

eage,BA.2.86,hasalsorecentlybeendetected
andischaracterizedbyalargenumberof
aminoacidchanges.TheFDA,EMA,and
WorldHealthOrganization(WHO)haverec-
ommendedthatCOVID-19vaccinesshouldbe
updatedagain,forautumn2023,andannual
boosterdosescontainingthenewestvariants
mayberecommendedeveryyear,similarto
influenzavirusvaccines.Whichstrainshould
beincluded?Itisnotusefultoincludethe
ancestralstraininupdatedboosterdosesin
theautumnof2023,andthustherecommen-
dationsofFDA,EMA,andWHOforupdating
toanXBB-basedmonovalentvaccinewitha
preferenceforXBB.1.5makesense.
ItisunclearwhetherannualSARS-CoV-2
vaccineupdatesarethebestsolutionmov-
ingforward.ItisalsounknownifthemRNA
vaccineplatformisbestsuitedforupdated
boostersorwhetheralternativeplatforms
(suchasrecombinantprotein-basedvaccines
ornewtechnologies)orheterologousboost-
ingwillbemoreeffectiveandbetteraccepted
bythepopulation.Shouldanupdatedvac-

cinebeadministeredonceortwice?Vaccine
equityisanimportantissuethatemerged
duringthepandemic,anditremainsunre-
solvedhowannualboosters,ifneeded,can
bemadeavailabletotheglobalpopulation.
Moreover,shouldthevaccinebeofferedto
everyoneoronlytohighlyvulnerablepopu-
lations?Andwhichregimenwouldbeideal
forSARS-CoV-2-naivechildren?Practically,
annualboosterdosesareeasiertoimplement
thanadhocboostingwheneveranewvari-
antemerges.However,forhealthyindividu-
als,annualboostersmaynotbeneeded,and
boostingonlywhenamorevirulentvariant
emergesmaybemoresuitable.Inthiscase,
twodosesgivenatamonth'sintervalmayen-
hancevariant-specificresponses.Bycontrast,
forindividualswithpreexistingconditions
thatmakethemvulnerabletoCOVID-19,a
regularannualboosterwilllikelyincrease
protectionfromseverediseaseregardlessof
thecirculatingvariant.
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Althoughsimilarsystemshavebeenin
useforinfluenzavaccines,the"influenza
model"maynotbeanoptimalsolution ECOLOGY
inthelongtermforSARS-CoV-2.Indeed,
anewgenerationofinfluenzavirusvac-
cinesisbeingdesignedtogivebroaderand
longer-lastingprotectionindependently
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DynamicsofBcellandantibodyresponsestoCOVID-19vaccines
Immunizationbasedontheprimaryseriesofancestral(WA1/2020spikeprotein)severeacuterespiratorysyndromecoronavirus2(SARS-CoV-2)vaccinesfollowedby
boostingwithavariant-basedvaccine(BA.1spike)initiallyelicitsasubsetofspike-specificBcells,whichrapidlyproliferateanddifferentiateintoantibody-secreting,
short-livedplasmablasts.SomeactivatedBcellsformagerminalcenterreactionwhererespondingBcellclonesundergoiterativeroundsofsomatichypermutationand
affinitymaturationoftheirBcellreceptoragainsttheincitingantigenthatispresentedbyfolliculardendriticcells(FDCs).Graduatesofthegerminalcenterdifferentiate
intolong-livedbonemarrowplasmacells(BMPCs)andcirculatingmemoryBcells(MBCs).Cellsthatdeveloptorecognizetheancestralspikeproteinmayalsocross-
reacttothenewvariantspike(red),whereasothercellsmaybevariant-specific(blueandorange).
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replacethecurrentannualvaccinations. achanging
Similarbroadlyprotectivevaccines,poten-
tiallygivenmucosally(e.g.,intranasally), Somewhale
areurgentlyneededforSARS-CoV-2.Thesecyclesofboom
vaccineswillprovideamuch-neededad-
vantageintheongoingstruggleagainst
thisvirus'srapidevolution. BvAndrewJ.Read
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