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Theinfluenzapandemicof1918killednearly50millionpeopleworldwideandwascharacterizedbyanatypicalW-shaped
mortalitycurve,whereadultsbetweentheagesof30–60yearsfaredbetterthanyoungeradultsaged18–30years.Inthisreview,
wewilldiscusswhythisinfluenzavirusstrainwassovirulentandhowimmunologicalmemorytothe1918virusmayhaveshaped
theWmortalitycurve.Wewillendonthetopicofthe‘honeymoon’periodofinfectiousdiseases—theclinicallydocumented
periodbetweentheagesof4–13yearsduringwhichchildrendemonstratelessmorbidityand/ormortalitytoinfectiousdiseases,
ingeneral,comparedwithyoungadults.

Theveryyoungandtheveryoldarethemostsusceptibletoinfectious
diseases.Oneofthemainreasonsforthisisthattheyoungareoften
immunologically naive and the old are undergoing immune senes-
cence.Thispatternofsusceptibilityischaracteristicofmostinfections
(Fig.1a).Thesedatashowthedeathratefrominfluenzavirusduringthe
years1911–1915andillustratethetypicalU-shapedcurveofmortality
asafunctionofage.Thesehistoricaldatafrom1911–1915highlightthe
markedlydifferentmortalitycurvethatwasobservedduringtheinflu-
enzapandemicof1918thatkilledover50millionpeopleworldwide,
makingitoneofthedeadliestplagueseverexperiencedbymankind
(Fig.1b)1.Themostnotabledifferencebetweenthemortalitycurvesof
1918comparedwiththoseof1911–1915isthatthe1918pandemicwas
particularlydeadlyforyoungadultsbetweentheagesof18–30,whereas,
quitesurprisingly,adultsinthe30–60-year-oldagegroupfaredbetter.
Asexpected,theveryyoung(<2years)andtheelderly(>70years)hada
highmortalityrate.Thispatternofsusceptibilityresultedintheunique
Wmortalitycurveofthe1918influenzapandemic.

TherehasbeenmuchdebateaboutthereasonsforthisW-shaped
curveandwhytheyoungadultsweremoresusceptiblethanthe>30-
year-oldadults.Becausemanyofthesedeathswereamongyoungmen
fightinginWorldWarI,ithasbeensuggestedthatbattleconditions
(stress,fatigue,chemicalexposure,etc.)mayhaveweakenedthesol-

diers’immunesystems,therebyincreasingtheirvulnerabilitytodisease.
However,similarmortalityrateswereseeninyoungmenandwomen
notinvolvedinthewar.Thus,onemustconsiderthepossibilitythatthe
>30yearoldsmayhavehadsomedegreeofprotectiveimmunityagainst
the1918influenzaviruspandemicstrainandthatthisimmunitywas
lackingintheyoungeradults(18–30yearolds)(Fig.1c).Inthisreview,
wewilladdressthisissueandconsiderhowimmunologicalmemory
mayhaveshapedtheWmortalitycurveofthe1918influenzapandemic.
Wewillalsodiscusswhythis1918pandemicflustrainwassovirulent.
Finally,wewillendononeofthegreatmysteriesofinfectiousdiseases:
whydidchildren(ages4–12)faremuchbetterthanyoungadultsdid
duringthe1918influenzapandemic?

Virulenceoftheinfluenzapandemicstrain
Influenzavirusesbelongtotheorthomyxovirusfamilyandcomeinthree
types:A,BandC.OnlyinfluenzaAandBvirusesareimportantforcaus-
ingdiseaseinhumans.Theseviruseshaveanegative-sense,segmented
RNAgenomeandcancodeforupto11proteins2.Byvirtueofpossessing
asegmentedgenome,influenzavirusescaneasilyreassort(exchange
RNAsegmentsbetweenhumanandanimalviruses),andtherebyacquire
newantigenicproperties(antigenicshift).Thefactthatinfluenzaviruses
haveanerror-proneRNA-dependentRNApolymeraseexplainsthefact
thatmutationsoccurfrequentlyandthat,throughselection,newanti-
genicvariantsemerge(antigenicdrift).The1918viruswasresponsible
foroneofthemostdevastatingpandemicsinrecordedhistory,anda
questionofgreatinteresthasbeenwhythisparticularinfluenzavirus
strainwassovirulent.

Amajorbreakthroughtowardaddressingthisquestionwasmade
whenavailablepathologymaterialsfrompatientswhohaddieddur-
ingthe1918pandemicwereusedtoobtaintheentiresequenceofthe
1918virus3andtosubsequentlyreconstructtheextinctstraininthe
laboratoryusingreversegenetics4,5.Thevirusturnedouttobehighly
virulentinintranasallyinoculatedmice,withalethaldose50(LD50)that
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wasmorethan1,000-foldlowerthanthatofotherhuman(non–mouse
adapted)influenzavirusstrains.Inembryonatedeggs,the1918virus
was106-foldmorevirulentthanthehumancontrolstrain,asmeasured
bythedoserequiredtokillan8-d-oldembryo,andthe1918influenza
straingrewtotitersthatwereatleastonelogunithigherthanthoseof
controlinfluenzavirusesintissuecultureofhumanbronchialepithelial
cells4.Furtherstudiesinmiceshowedexcessiveimmune-cellinfiltration
inthelungfollowinginfectionwithvirusescontaininggenesfromthe
1918strainandhigherlungvirustitersthaninthecontrols.Specifically,

anincreasedinfluxofneutrophilsandalveolarmacrophagesandan
increaseintheproductionofcytokinesandchemokineswereobserved
inlungtissueswithavirusexpressingonlytwoproteins,hemagglutinin
(HA)andneuraminidase(NA),fromthe1918strain6.Inmiceinfected
withavirusexpressingalleightgenesfromthe1918virus,amarked
activationofpro-inflammatoryandcelldeathpathwayswasobserved,
whichwaslesspronouncedinreassortantvirusesthatonlycontaineda
subsetofgenesfromthe1918virus7.Aquestionofsubstantialinterestis
whethertheenhancedproductionofinflammatorycytokinesandasso-
ciatedpathologythatwasseenafterinfectionwiththe1918pandemic
influenzavirusstrainisduetosomespecificinteractionsoftheviral
genesofthe1918viruswiththeimmunesystemorifthisisprimarilya
reflectionoftherapidgrowthandspreadofthisvirus.Thetwopossibili-
tiesarenotmutuallyexclusive,anditisconceivablethatbothcontribute
tothecomplexpathogenesisthatisseeninvivo.

Pathogenicityofthepandemicstrainwasalsostudiedinthecyno-
molgusmacaque(Macacafascicularis)model.Macaquesinfectedwith
the1918virusbecamesymptomaticwithin24hofinfectionandhadto
beeuthanizedbyday8asaresultoftheseverityofthesymptoms.The
animalsshowedsevererespiratorysigns,withanincreaseinrespiration
rateandadecreaseinlungfunction,asmeasuredbyadecreaseinblood
oxygensaturation.Also,interleukin-6(IL-6),IL-8andthechemokines
CCL2(monocytechemotacticprotein1)andCCL5(RANTES)were
elevatedininfectedanimals.Notably,comparedwithacontrolnon-1918
influenzavirus,the1918virusdemonstratedreducedactivationofthe
RNAhelicasesensorproteinsRIG-IandMDA-5ininfectedmacaques.
ThesedatasuggestthattheNS1proteinofthe1918virus,whichisan
interferonantagonist,hasanimportantimmunomodulatoryrole.By
effectivelydownregulatingthe innate immuneresponseof thehost,
theNS1proteinmayverywellhavecontributedtotheextraordinary
virulenceofthe1918virusinhumans.Althoughonecanmeasurethe
contributiontovirulenceofindividualgenesofthe1918virus(as,for
example,inthecaseofthe1918virusNS1geneandthe1918HAand
NAgenes),itappearsthattheinterplay—orcombinationofthenatural
biologicalfunctions—ofalleight1918genesresultsinaviruswiththe
highestvirulence.Thus,the1918virusisauniqueinfluenzavirusstrain
byvirtueofits‘matching’genesorbecauseofgenesthatexpressviral
proteinsthataffecthundredsofcellularproteinsduringreplication.
Bythesametoken,anyreassortmentofgenesinthe1918viruswith
RNAsfromotherinfluenzaviruseshas,inmostcases,ledtoadecrease
invirulence,highlightingtheextraordinarygeneconstellationofthe
1918virus4–7.

Geneticvariationininfluenzavirusandimmunememory
Priortoaddressingtheimportantissueofimmunologicalmemoryand
the1918pandemicinfluenzavirusstrain,itisessentialtofirstconsider
thedegreeofgeneticvariationininfluenzavirusesandtheepidemiol-
ogyofthevariousinfluenzavirusstrainsthathavebeenincirculation
amongthehumanpopulation.

Ahallmarkofinfluenzavirusesistheirabilitytoundergogenetic
shiftanddrift.Specifically,reassortmentcanleadtoinfluenzaviruses
acquiringRNAsegments,mostlikelyfromavianinfluenzaviruses,that
canleadtonewpandemic(globallyepidemic)strains.Thepandemic
1957strainsportedanewHA(subtype2)andanewNA(subtype2)and
causedworldwidemorbidityandmortality.In1968,anewpandemic
strainhadonlytheHA(subtype3)exchanged,andin1977anH1N1
virusappearedthathadcirculatedaround1950inthehumanpopulation
(Fig.2).In1977,itwasmostlyyoungpeoplebornaftertheendoftheH1
period(1957andlater)thatcamedownwiththediseasewheninfected
withthisnew(recycled)virus.Individualsolderthan20–25yearsofage
hadostensiblybeenexposedtosimilarH1strainsandwerethuspartially
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Figure1Deathsper100,000intheUnitedStatescausedbyinfluenza-
pneumonia.(a)AU-shapedmortalitycurvewasobservedfordifferent
agegroupsfortheinterpandemicperiodof1911–1915.(b)AW-shaped
mortalitycurvewasobservedforthepandemicyear1918.(c)AV-shaped
mortalitycurvemighthavebeenobservedin1918,ifthepopulationhad
notbeenexposedpreviously(before1889)toanH1-likeinfluenzavirus(the
specificdeathratesweretakenfromref.50).
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protected.Itislikelythatanantigenicshiftalsooccurredin1918,when
anH1N1viruscausedthemajorpandemicofthe20thcentury(Fig.2)4.
Asforthesubtypestraincirculatingbefore1918,onlyindirectevidence
fromserologicpatientdataareavailablethatsuggestanH3-likevirus
circulatedinhumansstartingin1889(ref.8).Virusescirculatingbefore
1889werepostulatedtobeoftheH1subtype9–12.Ineachcasein1889,
1918,1957,1968and1977,alargesegmentofthepopulationlacked
protectiveantibodiesagainstthesepreviouslyunknown(reassortant)
viruses,anditisthoughtthatthissingleantigenicshiftisthesinglemost
importantfactorresponsiblefortheoutbreaksofpandemics.

However, influenza viruses also undergo antigenic drift and can
changetheirsurfaceglycoproteinsbyaccumulationofnucleotidemuta-
tionsintheglycoproteingene.Suchdriftvariantscanre-infectandcause
diseaseinindividualswhowereinfectedjust2–4yearsearlierwitha
virusbelongingtothesamesubtype.Whyinfluenzavirusesundergo
antigenicdriftremainsunclear.Measlesandmumpsvirusesarealso
negative-senseRNAvirusesandtheirRNA-dependentRNApolymer-
asesareprobablyaserror-proneasthatofinfluenzavirus.However,
thesevirusesstaymoreorlessthesameantigenically,asevidencedby
ourpresentdayuseofmeaslesandmumpsvaccinestrainsthatwerefirst
introducedinhumansinthe1960s.Althoughwehavenosatisfactory
explanationforthemolecularbasisofthecontinuingantigenicchange
ininfluenzaviruses,weneverthelessrecognizethisbychangingthevac-
cineformulationofthethreeinfluenzaviruscomponentsonanannual
orbiannualschedule.Thus,thetrivalentinfluenzavirusvaccineforthe
2007–2008seasoncontainsA/Wisconsin/67/2005(H3N2),A/Solomon
Islands/3/2006(H1N1)andB/Malaysia/2506/2006)components.Asa
directdemonstrationoftheconsequencesofantigenicdriftininfluenza,

theA/SolomonIslands/3/2006(H1N1)virusisolatedin2006replaced
theA/NewCaledonia/20/1999(H1N1)virusinthevaccinepreparations
fromthepreviousseasons;thelatterviruswasfirstisolatedin1999,and
thusdoesnotadequatelyprotectagainstthenewantigenicdriftvariants
circulatinginthehumanpopulationatthepresenttime.

Immunologicalmemorytothe1918influenzavirus
Whywereadults in the30–60-year-oldgroupmoreresistant to the
1918pandemicinfluenzavirusstrainthanthe18–30-year-oldyoung
adults?Didpeopleolderthan30yearsin1918havesomelevelofpro-
tectiveimmunitytotheinfluenzaviruspandemicstrain,andcouldthis
immunememoryexplaintheW-shaped1918mortalitycurve?

If,aspostulated(Fig.2),anH3influenzastrainwasincirculation
from1889–1918andH1-typeviruseswerepresentbefore1889,then
peopleborninorafter1889wouldhavebeenimmunologicallynaive
tothe1918H1pandemicstrain(thatis,atleasttotheHAofthe1918
H1strain).Incontrast,individualsbornbefore1889(>30yearoldsin
1918)wouldhavehadpriorexposuretoH1-typeinfluenzaviruses.How
wouldthisencounterhaveresultedinprotectiveimmunity30years
later?Theviralproteinsthatareimmunologicallyrelevantforprotec-
tiveantibodyresponsesareHAand,toamuchlesserextent,NA13–15,
bothofwhichareviralsurfaceglycoproteins,andarethustargetsfor
protectiveantibodies.

Pre-existingantibodyisthefirstlevelofdefenseagainstpathogens,
and if there were individuals in 1918 with circulating HA-specific
antibodythatwasreactiveagainsttheH1pandemicstrain,thenthose
individualswouldhavefaredbetterduringthepandemic.Itisnowwell-
establishedthatcirculatingantibodycanbedetectedintheserumfor
decadesafteracuteviralinfectionsandevenaftersomesubunitprotein
vaccines,suchastetanusanddiphtheria16–18.Thus,itisplausiblethat
someoftheindividualsinthe30–60-year-oldgroupstillhadsomecir-
culatingantibodyagainstthepandemicstrain.Severalstudieshavenow
shownthatoneofthemajormechanismsformaintainingantibody
levelsintheserumforextendedperiodsoftimeisthelong-livedplasma
cellthatresidesinthebonemarrow16,17,19–21.Plasmacellsareend-stage
differentiatedcellsthatconstitutivelyproduceantibodyintheabsence
ofantigen.Antigenis,ofcourse,neededforthedifferentiationofnaive
ormemoryBcellsintoantibody-secretingcells,butitisnotrequired
formaintainingantibodyproductionbyfullydifferentiatedplasmacells.
Notallplasmacellsarelong-lived,butaproportionofthesecellscan
liveforextendedperiodsoftimeinthebonemarrowandconstitutethe
majorsourceoflong-termantibodyproductionafterinfectionorvac-
cination.Theselong-livedplasmacellsarenotonlythemajorsourceof
antibodyintheserum,butcanalsocontributetoantibodyinthemucosa
bytheprocessoftransudation.

Inadditiontoplasmacells,memoryBcellscanalsobeinvolvedin
protectiveimmunitybymakingrapidrecallresponsesandproducing
high-affinityantibody17,22.MemoryBcellscannotpreventinfection,
butcancontrolthespreadofvirusinfectionbyrapidlydifferentiating

B
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1889 1900 1918 1940 1960 1980 2000 2020

Year

Figure2InfluenzaAandBvirusescirculatinginthehumanpopulation.
InfluenzaAviruseswiththreedifferenthemagglutininsubtypes(H1,H2
andH3)andtwodifferentneuraminidasesubtypes(N1andN2)havebeen
identified,andtheintroductionsofthese(antigenicshiftasaresultof
reassortment)strainswereassociatedwithpandemics.Allinfluenzaviruses
alsoundergocontinuingantigenicchange(antigenicdriftasaresultof
mutation)duringinterpandemicyears.Brokenlinesindicatethatnovirus
isolatesareavailablefromthattimeperiod.

Table1The1918influenzapandemic:agedistribution,immunestatusanddiseasesusceptibilityofthehumanpopulation
Agedistribution Immunestatus Diseasesusceptibility

0–2yearsold Immunologicallynaivetothe1918H1N1influenzavirusstrain Veryhighmortalityrate

4–12yearsold ImmunologicallynaivetoH1N1 Substantiallydecreasedmortality;muchlower
thanthe15–30–year-oldgroup

15–30yearsold ImmunologicallynaivetoH1N1 Highmortalityrate

30–60yearsold EvidenceofimmunologicalmemorytotheH1N1influenzapandemic
strain.MostlikelyduetoanH1influenzavirusthatwasincirculation
in1889

Decreasedmortalityratecomparedwiththe
15–30-year-oldgroup

>70yearsold Immunitycompromisedasaresultoftheeffectsofaging Increasedmortality
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intoantibody-secretingcellsandproducingantibodythatneutralizes
thevirus.AnotablefeatureofthememoryBcellresponseisitslongev-
ity.SeveralstudieshavedemonstratedthatmemoryBcellsinducedby
ourcommonlyusedchildhoodvaccines(tetanus,measles,polio,etc.)
persistforyearsinhumans16–18,22.Inoneofthemoststrikingexamples,
itwasshownthatmemoryBcellsgeneratedaftersmallpoxvaccina-
tionwerestilldetectable40–50yearsafterimmunization23,24.Thisis
particularlynoteworthy,assmallpoxwaseradicatedinthe1970sand
smallpox–specificmemoryBcellsweremaintainedfor>30yearsin
theabsenceofre-exposuretothepathogen.Inlightoftheseextensive
studiesdemonstratingthe longevityofhumanmemoryBcells, it is
verylikelythatindividualswhowereexposedtotheH1virusin1889or
earlierwouldhavestillhavehadsomememoryBcellsthatwerespecific
forH1influenzavirusin1918,anditispossiblethatthesememoryB
cellsalsocontributedtowardprotectiveimmunityagainstthepandemic
flustrain.

Immunememoryandprotectiveimmunityagainstinfectiousdis-
easesconsistofthreekeycomponents:pre-existingantibodiesinthe
bloodandatmucosalsites,memoryBcellsandmemoryTcells.Both
CD4+andCD8+memoryTcellsprovideacriticalsecondlineofdefense
againstpathogensasaresultoftheirhighernumbers(comparedwith
theirnaivecounterparts),fasterresponses(canelaborateeffectorfunc-
tionsmuchfasterthannaiveTcells)andbetterlocation(presentinboth
lymphoidandnonlymphoidtissues)22,25.CouldmemoryTcellshave
hadanyroleinprotectionagainstthe1918pandemicstrain?Infection
withinfluenzavirusgeneratesabroadrangeofCD4+andCD8+Tcells
thatarereactiveagainstmostoftheviralproteins13,andmanyofthese
Tcellepitopesareconservedacrossthevariousinfluenzavirusstrains.
Substantialprogresshasbeenmadeinunderstandingthemechanisms
bywhichinfluenzavirus–specificTcellscontrolinfectioninthelung
(reviewedinrefs.13,26).Also,severalstudiesinanimalmodelshave
shownthatmemoryTcellsdocontributetoprotectiveimmunityagainst
influenzavirus,andtherearealsohumanclinicaldatathatarecon-
sistentwiththisnotion13,27,28.Butgiventheextremevirulenceofthe
pandemicflustrainandtherapidappearanceofclinicaldiseaseafter
infectionwiththisvirus,itisunlikelythatmemoryTcellsalonewould

havebeenofmuchbenefitduringthepandemic.However,inindividuals
thatstillhadresidualhumoralimmunityagainsttheH1virus,memory
TcellscouldhaveactedinconcertwiththeH1-specificplasmacells
andmemoryBcellstoconfersomedegreeofprotectionagainstthe
pandemicflustrain.

Infectiousdiseasesandthehoneymoonperiod
TheinfluenzaepidemicreachedAlaskabytheendof1918andtooka
terribletollonthelocalpopulation.Becauseofthegeographicisola-
tionofAlaska,itislikelythatmostofthenativeshadnotbeenexposed
tothe1889H1influenzavirusand,consequently,alargepercentageof
thelocalpopulationwasimmunologicallynaive.Asaresultofthis,the
AlaskannativesshowedalmostnoresistancetotheH1N1pandemic
strain,andthereweremanyinstanceswherevillageslosttheirentire
adultpopulation(theWmortalitycurvewasnotobservedamongthese
isolatedpopulations).Notably,theonlysurvivorswerethechildrenin
someofthesevillages.Aphotographofthe‘FluOrphans’isshownin
Figure3.Whydidthechildrensurviveandtheparentsdieduringthis
epidemic?Thispatternofsusceptibility,sodramatically illustrated
among the immunologically naive population of Alaska, was also
seeninotherpartsoftheworld.Thegeneraltrendwasthatchildren
betweentheagesof4and12showedasubstantiallydecreasedmor-
talityrateduringthe1918pandemic(Fig.1andTable1).Itshould
beemphasizedthatthesechildrenwerenotprotectedfrominfection,
but, forreasonsthatareasmysterioustodayas theywere in1918,
theywereabletocopewiththediseasemuchbetterthantheiradult
counterparts.

Thispatternofdiseasesusceptibility,wherechildrenfarebetterthan
adults,isnotuniquetoinfluenzavirusandisalsoseeninotherinfections.
Aclassicexampleisthatoftuberculosis,whereitiswelldocumented
thatchildrenbetweentheagesof5and14havealowerclinicalcaserate
comparedwithanyothersegmentofthepopulation(Fig.4)10,29.In
fact,intheolderGermanliterature,thisageperiod(5–14yearsofage)is
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Figure4Thehoneymoonperiodoftuberculosis.Age-specificdeathrates
fromtuberculosis(allforms)inEnglandandWalesfor1913and1918.Note
thatthe5–14-year-oldgrouphadalowermortalityratethantheotherage
groups(datafromref.10).

Figure3TheFluOrphans.ChildrenintheremoteAlaskanvillageof
Nushagaksurvivedthe1918–1919influenzapandemic.However,mostof
theirparentsandgrandparentssuccumbedtothe1918pandemicvirus,
probablybecausetheyhadnotbeenexposedtoanearlierH1-likeinfluenza
virusasaresultoftheirgeographicisolation.Thephotographwastakenin
thesummerof1919.PrintedwithpermissionfromtheAlaskaStateLibrary,
Core:Nushagak-People-4,AlaskanPackersAssociation,PCA01-2432.
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referredtoasthe‘favorableschoolageperiod’.Similarly,morbidityand
mortalitytoseveralviruses,suchasmumps,measles,Varicella-Zoster
virus(chickenpox,VZV),poliomyelitis,EpsteinBarrvirus(EBV)and
hepatitisEvirus(HEV),aremuchmorepronouncediftheinfectionis
acquiredforthefirsttimeasanadult(orduringadolescence)thanthey
areiftheinfectionisacquiredasachild29,30.Theseveremanifestations
ofEBVinfection(forexample,infectiousmononucleosis)arerarely,if
ever,seeninchildren.Also,chickenpoxisarelativelymilddisease,but
itcanbedisfiguringandevenlifethreateningiftheinfectionisfirst
acquiredasanadult.Itisalsoworthnotingthatinthe2003severeacute
respiratorysyndrome(SARS)epidemic,thedeathratewasmuchlower
inchildrenthaninadults31,32.

Whydochildrencopewiththesevariousinfectiousagentsbetter
thanadults?Whatarethereasonsforthishoneymoonperiodwith
infectiousdiseases?Diseaseisusuallytheresultofdirectdamageto
thehostbythepathogen.However,theimmuneresponsegenerated
againstthepathogencanendupcausingimmunopathologicaldamage
andexacerbatingthedisease33,34.Thereisadelicatebalancebetween
theprotectiveandpathogenicaspectsofanimmuneresponse,anditis
possiblethattheregulationofthiscriticalbalanceisdifferentbetween
childrenandadultssuchthatbeneficialresponsesarefavoredover
harmfulonesinchildren.Giventhecomplexnatureoftheseimmune
interactionsandthefinebalancebetweenprotectiveandpathogenic
responses,itispossiblethatevensubtledifferencesinregulationcould
haveprofoundeffectsontheclinicaloutcome.

Itwouldbeinterestingtoseewhethertherearedifferencesinthe
generationofregulatoryTcells,intheexpressionofinhibitoryrecep-
torssuchasPD-1,orintheproductionofcytokinessuchasIL-10or
IL-17thatmodulateimmuneresponsestopathogensinchildrenver-
susadultsfollowinginfection35–42.Itisalsopossiblethatchildrenfare
betteragainstinfectiousdiseasesbecausetheyhaveagreaterregenera-
tivecapacityfortheimmunesystem—theirthymusesandbonemar-
rowmoreactivelyproduceimmunecells—andalsoforothertissues,
therebyresultinginfasterrepairofdamagedorgans.Itisimportant
tonotethatthischangeindiseasesusceptibilityoccursaroundthe
timeofpubertyanditispossiblethatsex-associatedhormonesare
involvedinthistransition43.

Theoutcomeofviralinfectionsisgreatlyinfluencedbyearlyinnate
responses:inparticular,theproductionoftype1interferonsthatnot
onlyprovideacriticalearlycheckonviralgrowth,butalsoactivate
naturalkillercellsandenhancethedevelopmentofspecificimmune
responses44,45.Itisconceivablethatthetype1interferonresponseafter
viralinfectionismoreefficientinchildrenthaninadults.Fromthis
perspective,itwouldbeinterestingtoexamineToll-likereceptoror
MDA-5/RIG-Iexpressionondendriticcellsfromchildrenversusadults
andtolookatthenumbersandfunctionofplasmacytoiddendritic
cells,themajorinterferon-producingcells46,47.Also,itwouldbeuseful
toquantitateantigen-specificTandBcellresponsesandtodetermine
ifthequalityofthesespecificresponsesisdifferentbetweenadultsand
children.Infact,arecentstudyanalyzingtheimmuneresponsetothe
humanpapillomavirusvaccinehasshownthatpre-adolescentgirls
(9–12yearsold)madehigherantibodyresponsesthan18–23-year-old
youngwomen48,49(Fig.5).

Althoughthephenomenonofthehoneymoonperiodhasbeenrec-
ognizedfornearlyahundredyears,therehavebeenfew,ifany,studies
directlyaddressingthisissue.Itisimportanttotryandunderstandthe
underlyingmechanismsofthispatternofdiseasesusceptibility.Itshould
bepossibletoaddresssomeofthequestionsdirectlyinhumanstudies,
butitwillalsobenecessarytostartdevelopingsmallanimalmodels
tocarryoutmoremechanisticstudies.Also,valuableinformationand
insightwillcomefromstudiesinnonhumanprimatesusingthesame
pathogensthathaveshownadifferenceintheirabilitytocausedisease
inchildrenversusadults.Theknowledgegainedfromthesestudieswill
provideabetterunderstandingofhost-pathogeninteractionsandbetter
prepareusfordealingwithfutureepidemicsandemerginginfections.
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