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significant limitations; for example, many present only abstracts, while others offer no new
measurements. Studies that examine the 13-valent pneumococcal conjugate vaccine focus
more on broad economic benefits, but still have limitations.

Conclusions

This review highlights the need for more robust empirical accounting of the full benefits of
adult pneumococcal vaccination. Literature outside this realm indicates that these broad
benefits may be substantial. Failing to investigate the full benefits may lead society to
undervalue vaccines’ contributions and therefore underinvest in their development and
adoption.

Introduction

Pneumococcaliseaseausesignificantmorbidity and mortality in both developingand
developectountries causingl.6million deathsannually[1]Bmore thanseasondhfluenza
[2], malaria[3], or HIV/AIDS [4]. Pneumococcaliseaseompriseseveratlinical syndromes
causedy the Streptococcus pneumoniae (pneumococcushacterium.Casdatality ratesvary
dependingon the manifestatiorof the diseas@and canrangefrom approximatelys%for pneu-
mococcapneumoniato 22%for adultpneumococcaieningitis.Certainpneumococcahfec-
tions, especiallyneningitis,cancausesignificantlong-termsequela¢s].

Theelderlyandotheradultsatincreasedisk of contractingpneumococcatliseaseb
including thosewith comorbiditiesor acompromisedmmune systembbeamuch of the bur-
denof pneumococcatlliseaseBecausef the potentialfor interpersonabiseasd¢ransmission,
olderadultsliving in long-termcarefacilitiesareat ahigherrisk for contractingpneumococcal
diseas¢6]. Theincidencerateof pneumococcatliseaséncreasesvith advancingage and
becaus¢he numberof peopleage60yearsor olderworldwideis expectedo doublebetween
2015and2050(from 900million to 2.1billion) [7], pneumococcatiiseasén olderadultswill
continueto beanimportant public healthconcern.

Two vaccine®fferadultsprotectionfrom pneumococcatlliseasea23-valenfpneumococ-
calpolysaccharideaccing PPV23)first introducedin 1983[8] anda 13-valenpneumococcal
conjugatevaccing(PCV13)first introducedin 2009[9]. In Europe PCV13wasinitially
approvedor childrenfrom sixweeksgo five yearsof agein 2009andthenfor adultsage50
yearsandolderin 2011.The United Stategolloweda similar patternof introduction, approv-
ing thevaccinefor infantsandyoungchildrenagesixweekghroughfive yearsn 2010ol-
lowedby approvalfor adults50andolderattheendof 2011[10].

While greatstrideshavebeenmadein pneumococcavaccinedistribution sincetheir
introduction, significantgapsin adultpneumococcavaccinecoveraggersistFor exam-
ple,in the United Statesn 2014 0only 61.3%of adults65andolderreceivedheir recom-
mendedpneumococcavaccinesand coveragamonghigh-riskadultsagel9+64(suchas
smokersor thosewith chronic conditionssuchasdiabetesor chronic obstructivepulmo-
nary diseasejvasonly 20.3%{11]. AcrossEurope recommendationgndfunding for adult
pneumococcabaccinationssarygreatlyin termsof ageandrisk groups[12, 13],making
implementationand coveragdessthan optimal. Articulating andempiricallymeasuring
the full benefitsof adultpneumococcabaccinationcanhelpstimulateeffortsto closecov-
eragegapsandensureadultsreceiveappropriateprotectionfrom avaccine-preventable
disease.
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The value of vaccination

Thefinding that healthpromoteseconomicwell-beingbbothindividually and collectivelybis
asignificantadvancen thefield of economicdevelopmenfl4+16].It suggestthat health
interventionslike vaccinationprogramshavebenefitshat extendbeyondtheintrinsic valueof
mortality andmorbidity reductions Along thesdines,recentresearchighlightshow econo-
mistsand policymakershavefailedto accountfor vaccinegprogramsfull benefitd17+34].This
shortcomingsuggestthat theseprogramsaresubstantiallyundervaluedandthat manydeci-
sionsregardingvaccinationadoption,scale-upandinvestmentin vaccinediscoveryand
developmentverepoorly founded.

Givenglobalpopulationaging[35] andthe burdenof pneumococcatlliseas@amongthe
elderly,adultpneumococcaraccinationin particularmeritsdetailedanalysiof the nature
andeconomicmagnitudeof its potentialbenefits This includesa critical reviewof existing
researcton the benefitsof pneumococcalaccinesn adults. Howeverour approachdiffers
from othersuchpublishedsystematiceviewsn thatweaimto determinethe extentto which
theliteraturecapturedroadbenefits Other reviewsaretypicallyrestrictedto asubsebf bene-
fits, suchaseconomichenefitd 36] or vaccineeffectivenesg7+39].

We groundedthis reviewin previouswork thatdescribesind attemptsto understandhe
full benefitsof vaccination17,19,28,30,40+42] Asin otherstudiesfocusingon the broad
benefitsof particularvaccine$17, 28], wedevisedataxonomythatidentifiesacomprehensive
setof benefitsof adult pneumococcabaccination.Thetaxonomydistinguisheshe narrow
perspectivewhichincludesbenefitspolicymakercommonlythink about,from abroaderper-
spectivewhichincludesadditionalbenefitshat policymakergarelyconsider.

Thefollowing benefitsconstitutethe narrow perspectivand coincidewith similartaxono-
miesfor otherdiseasefl7,28]:

- HealthcarecostsavingsThereductionin visitsto medicalpractitionersjnpatientstaysand
prescriptiondrugsassociatedith pneumococcatliseasé¢reatment;and

- Healthgains:Theintrinsic valueof reducedmorbidity, mortality, pain,and sufferingfrom
pneumococcatlisease.

Similarly,theseadditionalbenefitsderivefrom existingbenefittaxonomiedor otherdis-
easesandreflectthe broaderperspectivgl7,28]:

- Outcome-relategbroductivity gains:Thegainsin productivity andincomethataccruewhen
immunizedadultswho areprotectedfrom pneumococcatliseasareableto work andearn
more;

- Care-relategroductivity gains:Thevalueof caretakergproductivetime thatis savedvhen
theyarereleasedrom the careand supervisiorof adultswho arenow healthierdueto pneu-
mococcalaccination;

- Health-base@ommunity externalitiesThe valueof improvedhealthoutcomesamongnon-
vaccinateccommunity membersThesemprovedoutcomesnaybedueto herd effectgto
the extentthat sucheffectsarerealizedafteradult pneumococcabaccination)or dueto a
slowingof antibiotics'lossof effectivenessyhichimposedealthandeconomicburdens;
and

- Riskreductiongains:Thevalueof pneumococcalaccination'sole in reducinguncertainty
andanyconcomitantanxiety, whichwould otherwiseémposea coston risk-aversgeople
(e.g.valueof peaceof mind).
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Otherbroadbenefitsareparticularlyrelevanto pneumococcalaccinationjncluding:

- Voluntary contributionsto family andcommunity: The valueof the humancapitalthat
accumulateq childrenandgrandchildrenthroughthe greatertime andeducationinvest-
mentstheir healthierparentsandgrandparentsnakein themandthe additionalcontribu-
tionsadultsmaketo their communitiesthrough participationin variousactivities which
theyarebetterableto do whenhealthier;

- Preventionandameliorationof comorbidities:Theinherenthealthbenefitsandfurther eco-
nomic valueof reducedncidenceof comorbid healthconditions(suchasmyocardialinfarc-
tions) andtypicalcomplicationghatfollow from pneumococcatlisease;

- Reductionin nosocomiainfections:Thevalueof avoidingnosocomiainfectionsthat could
havefollowedfrom hospitalizationgor pneumococcatliseaséadanadult not beenvacci-
nated;and

- Promotionof socialequity: Thevalueof pneumococcaaccinationin diminishing social
andeconomidnequalitiesjnsofarasadult pneumococcatliseaselisproportionatelyaffects
thepoor.

Usingthis taxonomyof benefitsof adult pneumococcalaccinationasa guide wesystemat-
icallyreviewedhe literatureto identify the breadthand depthof the evidenceébaseon the ben-
efitsof adult pneumococcabaccination.

Methods
Objectives

Our principal researclobjectivewasto surveythe extentto whichtheliteratureempirically
captureghefull benefitsof adult pneumococcaraccinationthrougheitherdirect measure-
mentor modeling.Our secondaryesearchobjectivewhich fedinto this centralgoal wasto
surveytheliteraturein termsof the breadth(i.e.,kinds) of benefitscapturedandthe strength
andnatureof evidencesurroundingthesebenefits.

Protocol and registration

Thestudyprotocolis registerecon PROSPERQnternational ProspectivéRegistenf System-
aticReviewsand canbeaccessedt http://www.crd.york.ac.uk/PRSPERO/display_record.
asp?ID=CRD42016038386viewedassupportinginformation S1File.We conductedhe
reviewaccordingto the PreferredReportingltemsfor Systemati®keviewsand Meta-Analyses
(PRISMA)guidelined43,44].

To identify articlescapturingthe full benefitsof adultpneumococcaraccinationwe per-
formedasearchon April 10,2016for thetimeframeJanuaryl, 2010through April 10,2016.
We chosehistimeframebecausé capturesatime during which both major adultpneumo-
coccalvaccinesvereon the market.Although PCV13hadnot beenapprovedor olderadults
in Europeandthe United Stategprior to 2011 wewantedto capturestudiesconductedo
generatesvidenceon the potentialbenefitsof adultpneumococcavaccinationjncluding
modelingstudiesWe searchedh two databasef2ubMedand EmbaseWe useddatabaseer-
minology (MedicalSubjectHeadinggMeSH] andEmtree respectivelyandkeywordsto cap-
ture morerecentarticlesthat hadnot yetbeenindexedin the databaseasof the searctdate.
Thesearchalgorithmwasbasedn two main topics:adultpneumococcalaccinationandben-
efits,which weresubdividednto healthbenefitsand economicbenefits S2File presentshe
full searchstring,including the databaséerminologyand keywordsused We exportedthe
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identified referenceinto EndNoteX7.5andeliminatedduplicateresults.To checkthe sensi-
tivity and quality of the searchprotocol,weidentified 10keyarticlesthat wefelt the search
shouldyield and confirmedthat the searctstring returnedall 10articles We alsoincluded
articlesfrom expertconsultationgo beascomprehensivaspossiblén the search.

Two reviewersscreenedheidentified articlesfirst including or eliminatingarticlesbased
ontheir tittesandabstract@ccordingto the inclusionand exclusioncriteria that follow. Arti-
cleswith ambiguouditlesandabstractainderwentfull textreviewby both reviewersin the
casahetwo reviewerdisagreedathird reviewerbrokethetie. All reviewersvereableto see
theauthors,institutions, journalsof publication,andresultswhentheyappliedthe eligibility
criteria. We recordedthe reasorfor exclusionfor studiesexcludedrom full textreview.To
confirm thatthereviewersappliedtheinclusionandexclusioncriteria consistentlythe two
initial reviewerssorted10articlesusingthesecriteria. We reviewedliscrepancies thetwo
reviewersjudgmentsregardingthesearticlesanddiscussedhemto clarify the meaningof the
criteriaandto facilitatetheir consistentapplication.

We obtainedmostarticlesfrom Harvard, Tufts,and University of MassachusetBBoston
libraries,or GoogleScholarWe attemptedo contactthe authorsof anyarticlesunavailable
from thesesourcesand purchasedrticlesthat werestill inaccessibleshenpossible.

Eligibility criteria

Inclusion criteria. Accordingto our participantsjnterventions,comparatorsputcomes,
andstudydesign(PICOS)criteria[43] (Tablel), weincludedarticlesin our reviewif they
reportedexperimentalpbservationalpr model-basedtudieshat capturehealthor economic
benefitsof adult pneumococcabaccination.Thesecouldinclude

Table 1. PICOS criteria for eligibility of studies.

PICOS Description
Category
Population Vaccinated adults age 50 or above, or adults 18 and older in “risk groups” (as defined by

the authors of the paper)
Interventions Vaccination with PCV13 or PPV23

Comparator Comparators as defined by the authors of the study, can include:
* No vaccination;
* Placebo;
* Vaccination with another product (e.g., PCV13 rather than PPV23);
» Co-administration of pneumococcal vaccine with influenza vaccine compared with
vaccination with only one, or compared with no vaccination; and
* Pneumococcal vaccination of a subgroup compared with another subgroup (e.g.,
immunocompromised adults compared with healthy adults)

Outcomes Health or economic benefits of adult pneumococcal vaccination, including:
* Healthcare cost savings;
* Health gains;
* Outcome-related productivity gains;
» Care-related productivity gains;
¢ Health-based community externalities;
* Risk reduction gains;
* Voluntary contributions to family and community;
¢ Prevention and amelioration of comorbidities;
* Reduction in nosocomial infections; and
* Promotion of social equity

Study Design Experimental, observational, or model-based studies that capture health or economic
benefits of adult pneumococcal vaccination

https://abi.org/10.1371djurnal.por.0186903.t0D
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- Economicevaluation®f adultpneumococcatliseas&accination(including anymethodof
analysissuchascost-effectivenesmalysisgost-utility analysisgost-minimizationanalysis,
budgetimpactanalysispr benefit-cosanalysis);

- Studieghat calculatehe benefitof anyadult pneumococcatliseas@accinationin health
terms(e.g. quality-adjustedife yearsor QALYs,caseswverted)pr

- Studieghat captureotherbenefitsof adult pneumococcabaccinatiornthat accrueto individ-
ualsor populations(e.g.reductionof hospitalizationglueto pneumococcabneumonia,
reductionof nosocomialnfectionsresultingfrom hospitalizationrdueto pneumococcal
disease).

Diseasendpointsof interestincludedanyform of adultpneumococcadliseasencluding
pneumoniameningitis,bacteremiaotitis media,sinusitis bronchitis,earinfection, sinus
infection,bloodinfection,and septicemiapr anycomorbiditiesassociatewith pneumococcal
diseaseWe includedstudiesrom anygeographi@areaWe only includedstudiesexamining
vaccinatedidultsage50or abovepr adults18andolderin @risk groups®(asdefinedby the
authorsof the paper;examplesncludeadultswith chronicillness weakenedmmune systems,
cochleaimplants,or cerebrospinalluid leaksor adultsliving in long-termcarefacilities).We
includedstudiesof anypneumococcaraccineproduct (aslong asthe vaccines givento
adults);anyvaccinationstrategyanylengthof follow-up;and,for economicstudiesany
currency.

Exclusion criteria. We excludedeconomicstudieshatdid not comparecostswith out-
comege.g. priceor coststudiesasopposedo, e.g. cost-benefibr cost-effectivenessjVe
excludedhealthstudiesrelatingsolelyto internal biologicalprocessege.g. antibodyresponses
to vaccination)without directly connectingtheseprocesset overallhealthor economicout-
comege.g. disability-adjustd life yearsor DALY s,avertednedicalcosts)We alsoexcluded
studiesthat only explorebenefitsstemmingfrom vaccinatinghon-adults We did not consider
studiesotherthan publishedarticles,nstitutional reports(e.g. World HealthOrganization
reports),andconferencegroceedingsWe thereforeexcludedreviewscommentariesgditori-
als,newsarticles and policy briefs.We excludedstudiesreportedin anylanguagetherthan
English.

Data extraction

We developedtemplatefor extractinginformation from theincludedarticles pilot-testedit
on asampleof five studiesandrevisedhetemplatebasedn the pilot experienceTwo
reviewerdividedthelist of includedarticlesalphabeticallypy the lastnameof thefirst author,
extracteddataaccordingto thetemplate andconductedan audit on asubsebf theincluded
articlesto quality-checkhe extraction. We extractedhe following information from each
includedstudy:

- Studycharacteristicgéstudycitation, control andtreatmentgroups limitations, assumedac-
cination coverageassumediuration of protection,time horizon of analysisperspective
taken,typeof study,andfollow-up time);

- Characteristicef the studypopulation(setting,agegroup(s],andrisk group[s]if
applicable);

- Characteristicef the vaccinationstrategy(vaccineproduct[s]andvaccinationstrategyl[ies]);

- Benefitscapturedin the study(typeof outcome[sjmeasuredunits, andresults)and

PLOS ONE | https://doi.org/10.1371/journal.pone.0186903 October 31, 2017 6/23


https://doi.org/10.1371/journal.pone.0186903

Full benefits of adult pneumococcal vaccination: A systematic review

- Contextualfactorsof interest(studysponsoror othercommentson the analysis).

SeeS3Filefor thetemplateusedto extractstudyinformation.

Results

Applicationof theinclusionandexclusiorcriteriayielded150uniquestudiedor analysig45+
194].Fig 1 showsheyieldsat eachstageof the review.Table2 summarizeshe reasongor
excludingarticlesthat reachedhefull textreviewstageAfter attemptingto accesall the arti-
clesthatreachedhefull textreviewstageywewereunableto obtaintwo articlesandtherefore
excludedhemfrom analysig195,196].While the protocolallowedinclusionof articlesrec-
ommendedby expertsduring expertconsultationsandfrom snowballsearchingf references

Records identified through database
searching (n = 7265)

.

(n = 5857)

Records after duplicates removed

l

Records screened: title and abstract
(n=5857)

A

Full-text articles
assessed for eligibility
(n=234)

A

Articles included
based on title and
abstract review
(n=139)

Articles included
based on full text
review (n=11)

l

Unique studies included in qualitative synthesis
(n=150)

[ Tielludtsdl ] [ Bligibility ] [ Screening ][Identification]

Fig 1. Flow diagram of study selection.

https:/Hoi.org/10.137/ournal.pon®186903.g001

v

Records excluded (n = 5484)

Full-text articles excluded

Did not estimate a benefit
of adult pneumococcal
vaccination (n = 107)
Editorial, comment,
systematic review, or
news article (n = 80)
Wrong target population
n=29)

Language other than
English

(n=5)

Articles not able to
retrieve

(n=2)
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Table 2. Summary of primary reasons for study exclusion after full text review.

Primary reason for exclusion Number (%) of studies

Does not capture a health or economic benefit of pneumococcal vaccination 107 (47.98%)
Is a news article, comment, editorial, or review 80 (35.87%)
Examines a target population that does not meet our criteria (e.g., children) 29 (13.00%)
Is in a language other than English 5 (2.24%)
Could not access article 2 (0.90%)

https://abi.org/10.1371djurnal.por.0186903.t0D

in includedpaperswedid not includeanysucharticlesasour searctcapturedall articlesthat
eitherexpertsor referencdistsbroughtto our attention.

S4File containsthe extractednformation for allincludedarticles We couldnot to apply
criteriato gradethe quality of the evidencen theincludedstudiesbecausenoststudiescap-
turedin our reviewaremodelingstudiesMajor publishedmethodsfor assessinguality of evi-
dencedo notincludemodelingstudiesn their hierarchy[197].In addition, someincluded
articlesarenot modelingstudiesmeaningthat methodsof quality assessmentould bediffi-
cultto applyin aconsistentmeaningfulmanner.Furthermore becausef the variednatureof
includedstudieswewerenot ableto assesssk of biasin ameaningfulway.

State of the literature

Table3 summarizesheliteraturein termsof capturingthe full benefitsof adult pneumococcal
vaccinationWe found that, while the literatureeffectivelycapturemarrow benefitsijt rarely
(if ever)capturesall otherbenefits.

Narrow benefits. Fifty-threepercentof studiesncludedin our systematiceview
includedhealthcareostsavingsthoughparametersisedto estimatethis dimensionvaried
andwereoftenbasedn estimatesHealthgainswereincludedin all but onestudyincluded
for analysisMany studiesin the reviewaccountfor this benefitdirectly. Othersaccountfor it
indirectly by reporting QALY sor life yeargLYs)lostto pneumococcatliseaséor cost-effec-
tivenes®r budgetimpactcalculations.

Other broad benefits. Themostcommonlycapturedbenefitfrom the broadperspective
wasoutcome-relategbroductivity gains Sixteerstudieg10.7%)ncludedthis benefit[ 74+ 76,

Table 3. Current state of the literature regarding the full benefits of adult pneumococcal vaccination.

Perspective | Benefit category

Healthcare cost savings

Narrow | Health gains

Outcome-related productivity gains
Care-related productivity gains

Brief description Number (%) of studies that

capture*
Averted direct medical costs 79 studies (52.67%)
Inherent value of improved health 149 studies (99.33%)

Enhanced labor market output
Averted costs of formal or informal care

16 studies (10.67%)
2 studies (1.33%)

Voluntary contributions to family and Enhanced ability to volunteer and give care 0
community
Broad Health-based community externalities Herd effects or slowed pace of antimicrobial 1 study (0.67%)
resistance
Prevention and amelioration of comorbidities | Value of experiencing fewer or milder comorbidities 0
Reduction in nosocomial infections Averted hospital-acquired infection costs 0
Risk reduction gains Value of peace of mind from vaccines 0
Promotion of social equity Inherent value of narrowing health gaps 0
*This represents the number (and percent) of included studies that capture the benefit category in question; categories are not mutually exclusive.
https://da.org/10.1371¢urnal.pon®186903.t003
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81,85,87,98,108,115,117,127,132,142,144,157,165]. Thesestudiesestimatechow much
work individualsmissdueto acaseof pneumococcatliseasend computethe valueof that
missedwvork by multiplying missedime by the wagerate.At times,the amountof missed
work is weightedby the proportion of the populationthatis economicallyactive[74]. Two
studieq(1.3%)accountedor care-relategroductivity gains[74,127].0Onestudy(0.7%)
accountedor health-basedommunity externalitiewis-a-vis the valueof pneumococcavacci-
nationin slowingthe rateof antimicrobialresistancg160]. Our includedstudiesdid not
accountfor anyotherbenefitsin our taxonomy.

Evenwithin theliteraturethat examinesenefitsotherthan our narrow ones studyquality
andreportingareattimeslimited. For examplepf the 17 uniquestudieshat accountfor at
leastonebroadbenefit,seven(41.2%)presenbonly studyabstract$75,81,85,87,98,115,
144].0f theremaining10studieq74,76,108,117,127,132,142,157,160,165],otherlimita-
tionsabound,including, for exampleborrowing epidemiologicatrend datafrom othercoun-
tries[108], lackof datanecessitatinghanyassumptionsndlow estimateprecision[157],and
possibleconfoundingdueto a study'sobservationahature[160].

Perspectives assumed by economic studies. Examiningthe perspectivefom which eco-
nomic analysesvereperformedprovidesfurther insightsinto the stateof the literature.Of the
75includedstudieghat explicitly statedaperspective51 (68.0%)examinecostsfrom ahealth
payer'sperspectivemeaningtheyonly considerdirectcosts(i.e.,healthcareostsavings).
Moreover,24 studiesclaimto adopta societaberspectivéeitherasthe only perspectivestud-
ied or in additionto anotherperspectivesuchashealthpayer'sperspective)mplying they
considerotherbroadbenefitd198]. However this likely overstateshe numberof studieghat
look beyondnarrow benefits Somestudieshat werepurportedlyperformedfrom the societal
perspectivappearonly to considemarrow benefitsWe thereforeconcludethat somestudies'
perspectivemayhavebeenmislabeled.

Interestingly threeeconomicmodelingstudiesbtwofrom Braziland onefrom Mexicob
took anemployer'gperspectiveéo analyzehe effectsof vaccinatingemployeesgainsipneu-
mococcabiseas®n outcome-relateghroductivity gains[81, 85,98]. While the threestudies
presentednly abstractsandarethereforeinconclusiveby themselvesheir findings unani-
mouslyfavoredthe benefitsof adult pneumococcaraccinationThis unanimity suggestthat
perspectivebesidehealthpayermight beworth exploringfurther.

Nature of PCV13 studies. Becaus®CV13isthe newestdultpneumococcavaccinejso-
lating theincludedstudieshat analyzé?CV13aloneis worthwhile.In generalthe 32(21.3%)
studieghat presentan analysiof PCV13alonetendto takeamore economicallyfocused
approachthanthe otherincludedstudies Twenty-sever84.4%)of thesePCV13-onlystudies
accountfor healthcareostsavingg55,63,64,80,82,87,91,98,110,117,123,127,128,130%
132,150,151,153,156+158168,173,178,184,194],comparedwith 79(52.7%)of all included
studies Similarly,severof thesestudieg21.9%)accountfor outcome-relategbroductivity
gaing[81,87,98,117,127,132,157],which representsloublethe shareof all includedstudies
(10.7%).

But PCV13-onlystudieshavelimitations. For exampleacommonlimitation isthatvaccine
efficacyin adultsis merelyassumedor the purposeof economicmodeling.Thislimitation
wasparticularlycommonbeforethe resultsof the CAPITA trial, amajor randomizedcontrol
trial of PCV13in adults65andolder,werepublished57].

Discussion

This systematiceviewshowsthattheliterature doeseffectivelycapturesomebenefitsof adult
pneumococcaaccinationbnotably healthgainsand healthcareostsavingsTo alimited
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extent theliteraturetakesabroaderapproacho estimatingthe benefitsof adult pneumococ-
calvaccinationHowever mostbenefitsheyondthe narrow approacharerarely,if ever,
captured.

Butthisis not to saythat theseadditionalbenefitsarenegligible In fact,existingliterature
outsidethe scopeof adult pneumococcalaccinesuggestthat somebenefitsarepotentially
sizeablandarethereforeworth investigatingurther.

Thefirst of thesepotentiallyimportant benefitssurroundsthe notion that pneumococcal
vaccineslowtherateof antimicrobialresistancéAMR) in atleastwo waysby slowingthe
spreadof especiallyesistanserotypegsuchasserotypel 9A,whichis targetedoy both com-
merciallyavailableadultvaccinespnd by preventingillnessesandthusprecludingthe need
for antibiotics.Althoughthe literatureon adultvaccinationargelyoverlookghis effect,pneu-
mococcatonjugatevaccinedhavebeensingledout aspotentiallysignificantplayersn the
fight to reducetherateof antibiotic resistanc§199,200].This effecthasclearcommunity
healthbenefits.

Secondrecentevidencdrom the epidemiologicaliteraturesuggestthat someserotypes
havelow incidenceamongthe youngbut high incidenceamongolderadults[201]. Therefore,
herdeffectdrom vaccinatingadultsseenpossiblewhichwould spreadhe protectiveeffects
of thesevaccinego nonvaccinateacommunity membersThis could be particularlyimportant
in settingswith high concentrationf older adults,suchasnursinghomes.The strengthof
suchherdeffectsvould dependn largepart on contextuafactorssuchaschildhoodvaccine
uptakerates[202]. Suchfactorsshouldbeaccountedor whenestimatingthe valueof adult
vaccinationstrategies.

Third, vaccinatingadultsattendingmassggatheringsnaybean effectiveapproacho limit-
ing adulttransmissior{203]. Recognizinghis, the SaudiArabiangovernmentequiressome
vaccinegor Hajj and Umrah pilgrims [204],including vaccinesgainsimeningitisandpolio-
myelitis.Including pneumococcabaccinationin therequirementdor participantsatmass
gatheringscould carry benefitsfor manypartiesthe vaccinerecipient,otherattendeesvho
comeinto contactwith vaccinerecipientstravelcompanieghat could offerthe vaccineto
appeato risk-aversattendeesandgovernmentealthministriesthat would savemoneyon
treatmentcosts.

Fourth, parentsandgrandparentsvho arehealthieraremeasurablyetterableto carefor
childrenandgrandchildren[205,206]andshouldin principle makegreatewoluntarycontri-
butionsto their communities Pneumococcalaccinegould contributeto thesevaluableends.

Fifth, adultsaredemonstrablywilling to payto reducerisksto income[207]andto health
[208]Pboth of which pneumococcabaccineganhelpameliorate.

Sixth,insofarasadult pneumococcatliseaselisproportionatelyaffectghe poor, vaccina-
tion candiminish socialandeconomidnequalitie§209,210],an outcomethat manyconsider
inherentlyvaluable.

Failingto investigateheseand other source®f benefitfurther potentiallyleadsto under-
valuingadult pneumococcalaccinestontributionsandthereforeunderinvestingn their
developmenandadoption.Additional work in this areashouldcreatean evidencébaseaimed
atremedyingtheseshortcomings.

Limitations of this study

Onelimitation of our reviewis thatweonly includedEnglish-languagstudiesWhile werec-
ognizethatstudieswritten in otherlanguage$kely contributeto the evidencebaseon the ben-
efitsof adult pneumococcabaccinationpur team'ssharedanguagebility is limited to
English.Anotherlimitation of our studyis the inability to applya standardbiasassessmerd
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theincludedstudiessuchasthe CochraneRiskof Biastool [197], which assesseisk of biasin
randomizedcontrolledtrials,or ROBIS[211],atool for assessintherisk of biasin systematic
reviewsIn lieu of astandardbiasassessmentjerecognizeand commenton manyof the limi-
tationsin theincludedstudiegseeS4File). A third limitation of our analysiss thatwhile
manystudiesndicatedasocietaperspectivethis wasnot clearlydefined. Thus,wemayhave
miscategorizedomestudiesdueto lackof information.

Finally,othervaccinationgleliveredn the samecontext,including influenzavaccination
amongtargetgroupsor pediatricvaccinationprograms canaffectthe potentialbenefitsof
adultpneumococcabaccination.This maymakegeneralizingesultsto adifferentcountry
contextdifficult. Severabf our includedstudiesdemonstratehat co-administrationof influ-
enzaand pneumococcalaccinationcanhavepositivebenefitd61,62,88,164].A recentsys-
tematicreviewandmeta-analysishowedhat high childhoodvaccinationcoverageanleadto
substantiaherd effectsthusprotectingunvaccinateddultsfrom diseaseandreducingthe
magnitudeof the potentialbenefitsof adult vaccination202]. The studiesncludedin our
reviewinconsistentlyaccountfor herd effectdrom childhoodvaccination(seeS4File for
moredetail). Therefore anyanalysiof the full benefitsof adult pneumococcabaccination
mustconsiderthis context.

Conclusions

We conductedhis systematiceviewto identify the breadthand depthof the benefitsof adult
pneumococcabaccinationcapturedin theliterature. ThereviewfollowedPRISMAguidelines
(Sees5File).Weincluded150uniquestudiedfor analysisTheliteratureeffectivelycaptures
narrow benefitsbut rarelycaptureghe full rangeof benefitsn our framework.Further
researchs neededo quantifythe broadbenefitsof adult pneumococcaraccination.
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