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HastheHIVEpidemic
Peaked?
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OVERTHEPASTquartercenturytheHIVvirushasspreadtoallcornersofthe
globe,resultinginoneofthedeadliestepidemicsofmoderntimes.In2007a
totalof2.1millionmen,women,andchildrendiedofAIDS.Thedeathtoll
willremainhighinthefuturebecause33.2millionindividualsarecurrently
infectedandabout2.5millionnewHIVinfectionsoccureachyear(UNAIDS
2007).Mostofthesecurrentlyandnewlyinfectedindividualsarelikelytodie
ofAIDSeventually,despitetheincreasingavailabilityoftreatment.

Inresponsetothisunprecedentedhealththreatamassiveglobaleffort
hasbeenmountedtoreduceinfectionsthroughpreventionprogramsand
toextendthelivesofinfectedindividualswithantiretroviraltherapy(ART).
Preventioneffortsarepartlyresponsibleforamajorturningpointintheepi-
demic:afteraperiodofrapidspreadtheepidemicappearstohavestabilized
inmostcountries,andtheproportionofadultsinfectedwithHIVisnolonger
increasing(Sheltonetal.2006;UNAIDS2007).Inanumberofcountriesthe
proportioninfectedisevendeclining.

Thefirstpartofthisarticlereviewsthehighlydiverseregionalandcoun-
trypatternsofHIVepidemicsanddiscussespossiblecausesofthegeographic
variationinepidemicsizes.WedescribepasttrendsinHIVepidemicsandoffer
explanationsfortherecentstabilizationand/ordeclineoftheepidemic.Next,
weexamineprojectionsofthefuturecourseoftheepidemic,estimatethe
peakyearsofregionalepidemics,andbrieflyassessthepotentialfutureimpact
ofnewpreventiontechnologies.Weconcludewithasummaryofthepast
andprojectedfutureimpactoftheHIV/AIDSepidemiconkeydemographic
variables,includingthecrudedeathrate,thepopulationagestructure,and
populationgrowth.
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Currentstatusoftheepidemicandcausesof
geographicvariation

Worldwideapproximately0.8percentofadults—ages15–49—areinfected
with HIV. This global average conceals wide variation among regions
(UNAIDS2007).Figure1presentsregionalestimatesofHIVprevalencein
2007,measuredasthepercentofadultsaged15–49whoarecurrentlyin-
fected.Prevalenceinallworldregionsexceptsub-SaharanAfricais1percent
(intheCaribbean)orlower.Incontrast,prevalenceinsub-SaharanAfrica
is5.0percent—anorderofmagnitudelargerthanintherestoftheworld.
Evenlargerdifferencesinepidemicsexistwithinsub-SaharanAfrica,where
prevalencelevelsrangefromafractionof1percentinseveralcountriesin
WesternAfricatoabove15percentinsomecountriesinEasternandSouth-
ernAfrica.Theastoundingconcentrationoftheepidemicinoneregionofthe
worldisclearfromtheworldmapinFigure2.Within-countryvariationin
HIVprevalencecanalsobelarge,butwedonotaddressthisissuehere.

Estimates of HIV prevalence and incidence are uncertain for many
countries.Thisisespeciallythecaseindevelopingcountriesthathavenot
conductedanationallyrepresentativesurveytomeasureprevalence.Our
analysisthereforeemphasizesregionalpatterns,whicharesomewhatmore
stable.Unlessotherwisenotedallcountryandregionalestimatesandprojec-
tionsinthisstudyaretakenorcalculatedfromdataprovidedbytheUnited
Nations(2007),updatedwithestimatesfromUNAIDS(2007).SeetheAp-
pendixfordetails.

Largegeneralizedepidemicsaredevastating,buttheyarealsorelatively
rare.ThisfindingisconsistentwiththefactthatHIVisnotaparticularlyinfec-
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tiousagentinheterosexualrelationships,whicharethedominantmodeof
transmissioninmostcountries.Onaveragetheriskoftransmissionbetween
aninfectedmanorwomanandhisorheruninfectedheterosexualpartner
isabout1in1,000(Grayetal.2001;Waweretal.2005).1Thislowlevelof
infectiousnessapparentlyissufficienttokeeptheepidemicconfinedtoasmall
portionofthepopulationinmostcountries.Thereasonsfortheexplosive
epidemicsinpartsofEasternandSouthernAfricaremaincontroversial,but
thefollowingfactorsareconsideredcriticaltotherapidspreadofthevirus
(Caldwell2000;Cameronetal.1989;HalperinandEpstein2007;Quinnet
al.2000;Shapiro2002).

Multipleandconcurrentsexualpartners. BecausetheHIVvirusinsub-Sa-
haranAfricaisspreadprimarilythroughsexualcontactbetweenmenand
women,itisreasonabletoassumethatvariationinsexualbehaviorisasource
ofvariationinepidemics.Butfrequencyofsexaloneisnotausefulindicator
ofriskbecauseaheterosexualepidemiccannotoccurinapopulationinwhich
allsextakesplaceinmonogamousunions.Thekeyfactorisnotfrequencyof
intercoursebutfrequencyofpartnerchangeandthenumberofconcurrent
partners.2Epidemiologicalmodelshavedemonstratedthecriticalroleofa
highrateofnewpartneracquisitionandsexualmixingpatternsinthespread
ofHIV(Anderson1996,1999).Foruninfectedindividualsfrequentpartner
changeraisestheriskofencounteringaninfectedpartner,andforinfected
individualsanynewpartnerimpliesanewchancetospreadtheinfection.
Concurrentpartnershipsappeartobeparticularlyconducivetothespread
ofHIVthroughnetworksofindividuals,andthesepartnershipsappeartobe
morecommoninsub-SaharanAfricathaninotherworldregions(Epstein
2007;HalperinandEpstein2004,2007;MorrisandKretchmar1997;Oru-
buloyeetal.1994;SwidlerandWatkins2007).Thistopicisdifficulttostudy
becausenationallyrepresentativeestimatesofsexualbehaviorhavelimited
dataonpartnerconcurrency,andthevalidityandreliabilityofself-reported
behavioronthistopicareunclear(Clelandetal.2004).

Indirectevidencesupportingthekeyroleofmultiplepartnersisprovided
byarecentstudybyBongaarts(2007)oftheecologicalcorrelationbetween
HIVprevalenceandtheageatfirstsexandfirstmarriageamongfemales.This
analysisofaggregatedatafrom33sub-Saharancountriesfoundnocorrelation
betweenHIVprevalenceandtheaverageageatfirstsex,butepidemicsizewas
stronglyandsignificantlycorrelatedwiththeaverageageatmarriageandthe
intervalbetweenageatfirstsexandfirstmarriage.3Countrieswithverylarge
HIVepidemics(Botswana,SouthAfrica,andNamibia)haveagesatmarriage
inthemid-20s,whichismuchhigherthanelsewhereinthecontinent.Late
marriagetypicallyisprecededbyalongperiodofpremaritalsexbecauseage
atfirstsexintheselate-marryingpopulationsisnothigherthanelsewhere.
Thislongintervalofpremaritalsexapparentlyputswomenatelevatedriskas
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aresultoffrequentpartnerchange,multipleconcurrentpartners,andhigh
partnerinfectiousness,thusfacilitatingthespreadofHIV.

Absenceofmale circumcision. Apotential role foraprotectiveeffectof
malecircumcisionwasfirstproposedinthelate1980swhenecologicaland
prospectiveclinicalstudiesinsub-SaharanAfricanpopulationsfoundahighly
significantinversecorrelationbetweenlevelsofmalecircumcisionandHIV
prevalence(Bongaartsetal.1989;Cameronetal.1989;Mosesetal.1990).
RecentreviewsoftheaccumulatedevidenceconfirmthehigherriskofHIV
infection among uncircumcised males (Bailey et al. 2001; Epstein 2007;
HalperinandBaileyetal.1999;Weissetal.2000).Thesefindingshavebeen
controversialandproposalstointroducemalecircumcisionasapreventive
measurehavenotbeenactivelyconsidereduntilveryrecently.Anydoubts
abouttheeffectsofmalecircumcisionwereremovedwiththeconclusionof
threerecentrandomizedcontrolledtrialsinKenya,SouthAfrica,andUganda
(Auvertetal.2005;Baileyetal.2007;Grayetal.2007).Thereductioninthe
riskofinfectioninthesethreetrialswas50–60percent,thusdemonstrating
conclusivelythatmalecircumcisionisprotective.Itisunfortunatethatcir-
cumcisionprogramswerenotimplementedearlier.

Themainbiologicalexplanationfortheobservedprotectiveeffectof
malecircumcisiononHIVacquisitioninvolvesthedendriticcellsontheinner
sideoftheforeskin.ThesecellsareparticularlysusceptibletoHIVinfection,
andcircumcisionremovesthisvulnerablepointofentryforHIV(Vachotet
al.2006).Inadditiontothisdirecteffect,uncircumcisedmenareathigher
riskof infectionwith certainother sexually transmitted infections (STIs),
suchaschancroidandsyphilis,thathavebeenassociatedwithincreasedrisk
oftransmissionofHIV(Weissetal.2000).Malecircumcisionisthuslikelyto
havebothadirecteffectontransmissionandanindirecteffectbyreducingthe
incidenceofsomeulcerativeSTIs.Theprotectiveeffectofmalecircumcision
ispartialandcircumcisedmenarestillatriskalthoughatalowerlevel;they
shouldthereforecontinuetousecondoms.

Othersexuallytransmittedinfections. CertainSTIs(e.g.,chancroid,genital
herpes,andsyphilis)raisetheriskofHIVtransmissiondirectlybycausing
genitalulcers(Auvertetal.2001;Baileyetal.2001;Brownetal.2007;Cam-
eronetal.1989;FlemingandWasserheit1999).Inaddition,STIsmayhave
anindirecteffectonHIVtransmissionbyraisingviruslevelsinthebloodand
inotherbodilysecretions(Quinnetal.2000).STIsaremorecommoninsub-
SaharanAfricathaninotherworldregions(Chin2007;WHO1999).

Lowcondomuse. Ifusedconsistently,condomsprovideahighdegreeof
protectionagainstHIVinfectionandagainstinfectionwithotherSTIs.Condom
useisrareinmuchofsub-SaharanAfrica:about1percentamongmarried
couples(UnitedNations2006);andevenamongmenhavingcommercialsex,
onaverageonlyhalfreportusingacondomatthelastsexualintercourse(DHS
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2007).Ingeneralizedheterosexualepidemics,complianceisbelowthelevel
neededtohaveasignificantimpactontheepidemic(HearstandChen2004).

Itisbeyondthescopeofthisstudytoquantifytheroleofeachofthese
factors in determining the size of HIV heterosexual epidemics. Such an
analysisisdifficultgiventhelackofreliablemeasuresofthesedeterminants.
Itshouldbenoted,however,thatapparentlythreeorfourofthesefactors
arepresentinthelargestepidemics.Thepresenceofoneortwoaloneisnot
sufficienttocausesubstantialepidemics.Forexample,malecircumcisionis
rareinmuchofWesternEurope,marriageislate,andmostmenandwomen
havemultiplepartnersduringtheirsexuallyactiveyears.YetHIVprevalence
isverylowamongheterosexualsinWesternEurope.Thelikelyexplanation
istheprotectiveeffectofcondomuse,thenearabsenceofotherSTIs,andthe
lowerprevalenceofconcurrentpartnerships.Incontrast,SouthernAfrica’s
epidemicsareverylargebecausemultipleandconcurrentpartnershipsare
relativelycommon,malecircumcisionandcondomusearerelativelyrare,
andotherSTIsaremoreprevalent.

Theevolutionoftheepidemic

TrendsinHIVepidemicsvarybetweencountriesandregions,butageneral
patternconsistingofaslowstartintheearly1980sor1990s,followedbya
periodofrapidexpansionandendingwithanendemicplateau,isapparent.
HIVprevalencelevels(adults15–49)byregionfrom1980to2005areplotted
inFigure3.(Theverticallineinthisandotherfiguresseparatesestimatesup
to2005andprojectionsfrom2005onward.)Similarpatternsareobserved
forindividualcountries.Forexample,Figure4presentsprevalencetrendsfor
sub-Saharancountries.Epidemicsvaryintheirstartingdateandsize,butthe
generalshapeoftheprevalencepatternissimilar.Nearlyalltheseepidemics
reachedtheirpeakprevalenceratesinthe1990sortheearly2000s.

Theappearanceofrecentplateausisoneoftheepidemic’smostinterest-
ingandimportantfeatures.Astableprevalencelevelimpliesthatthevirusis
presentinasmallproportionofthepopulationbutisneverthelessnotspread-
ingfurther.Anexplanationofthisphenomenonisthateverypopulationisa
heterogeneousmixtureofsubgroupswithwidelyvaryinginfectionrisks.At
thehighendoftheriskspectrumaresexworkersandtheirclients,needle-
sharingintravenousdrugusers(IDUs),andhomosexualmen,andatthelow
endaremenandwomenlivinginmonogamousunionsorwithoutsexual
partners.Theepidemicisoftenself-sustainingintheformergroupsbutnotin
thelatter.Attheonsetofanepidemicthevirusquicklyinvadesthegroupsat
highestrisk,butitthenencountersresistancewhenthepoolsofhigh-riskin-
dividualsbecomeinfectedordieout.Theoverallsizeoftheepidemicdepends
onthesizesofthedifferentriskgroups.IntheUnitedStatesandEurope,for
example,partsofthehomosexualandIDUgroupsareatrelativelyhighrisk,
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butinfectionrisksareverylowforthevastmajorityofheterosexuals.Asa
result,HIVprevalenceamongheterosexualsintheseregionsisafractionof1
percent.Incontrast,SouthernAfricanpopulationshavesubstantialhigh-risk
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groupsofsexworkersandtheirpartners,andthevirusspreadsmorereadily
inthegeneralpopulationthroughdiffusenetworksofmultipleandconcur-
rentpartners.Anepidemicreachesaplateauwhenthevirushasachieved
maximumpenetrationofthevulnerablesubgroups.Thispointwasreached
inmostcountriesintheworldbytheearly2000s.

HIVprevalence is actuallydeclining inanumberof countries. Such
declinescouldbeattributabletoanincreaseinthenumberofAIDS-related
deaths,butbehaviorchangeprovidesanalternativepartialexplanation.For
example,inUgandaprevalencewascutalmostinhalffrom11.8percentto6.7
percentbetween1991and2005(seeFigure4).Thecausesofthisdeclineare
controversial,buttheevidenceforbehaviorchangeisstrong.Bothmenand
womenreportadeclineinsexwithnon-regularpartnersandariseincondom
use(Bessingeretal.2003;Kilianetal.1999;Singhetal.2003;Stoneburner
andLow-Beer2004).Similartrendsareobservedinaprospectivestudyin
easternZimbabwethatdocumentedadeclineinHIVprevalenceassociated
withchangesinhigh-risksexualbehavior(Gregsonetal.2006).Substantial
declinesinhigh-riskbehaviorandinfectionrateshavealsooccurredamong
homosexualmeninNorthernAmericaandEuropeandamongheterosexu-
alsinThailandduringthe1980sand1990s(UNAIDS2006).Theseexamples
demonstratethatsubstantialchangesinbehaviorcantakeplacewhenindi-
vidualsbecomeawareofthehealthrisksoftheirbehavior.Evidenceofsuch
behaviorchangesisnotclear-cutformanyothercountriesinsub-Saharan
Africa(Bessingeretal.2003;UnitedNations2005).Thereislittleevidenceof
behaviorchangeinsomeofthecountrieswiththelargestepidemicsinEastern
andSouthernAfricadespitewidespreadknowledgeoftheAIDSepidemicand
itscauses,butevenheretheepidemicsarenolongergrowing.

Figures3and4also includeUNprojectionsofHIVprevalencerates
from2005to2025.Theseprojectionsarebasedonamodeldevelopedbythe
UNAIDSReferenceGrouponEstimates,ModellingandProjections(UNAIDS
ReferenceGroup2002)thatwasadoptedandcustomizedbytheUNPopula-
tionDivisionforitsownpurposes.Thismodelisfittedtopastestimatesof
HIVprevalenceprovidedbyUNAIDSforeachoftheaffectedcountriesand
thenextrapolated.Inthelargemajorityofcountriestheprojectionsindicate
acontinuationoftheslowdeclineinprevalenceobservedbefore2005.Inthe
fewcountrieswhereprevalenceisstillrising,themodelpredictsapeakanda
subsequentdeclinebasedontheepidemicpatternobservedbefore2005.Fur-
therdetailsontheprojectionmethodologyareprovidedintheAppendix.

HastheHIVepidemicpeaked?

TheprecedinganalysishasreliedonHIVprevalenceratestoassesstrendsin
thesizesofepidemics.HIVprevalenceisthemostwidelyavailableindicatorof
epidemicsizeanditisreadilyinterpreted.Buttherearethreeconcernsabout
thisindicator’sabilitytotracktheepidemic’strendovertimeaccurately.
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ThefirstisthatprevalenceisalaggingindicatorofHIVinfections.The
numeratoroftheHIVprevalencerateconsistsofallcurrentlyinfectedadults
aged15–49,regardlessofwhentheywereinfected.Becauseindividualssur-
viveaboutadecadeafterinfection,theprevalenceestimateinagivenyear
isdeterminedbythenumberofinfectionsthatoccurredinthepastdecade
orlonger.

ThesecondconcernisthatHIVprevalenceisaffectedbythetreatment
ofAIDSpatients.Contemporaryantiretroviraltherapycanbehighlyeffec-
tiveinkeepingAIDSpatientsaliveforyearsbeyondthetimeassociatedwith
thenaturalcourseofthedisease.Thiskeepsthepoolofinfectedindividuals
larger(andtheHIVprevalenceratehigher)thanwouldbethecasewithout
treatment.4

The thirdconcern is thatHIVprevalence isaffectedbya rise in the
AIDSdeathrate.Astheepidemicmatures,thedeathratetendstoriseasin-
fectedindividualsage,andeveryAIDSdeathreducesthenumberofinfected
people.

Forthesereasonsmanyepidemiologistspreferanotherindicatortotrack
epidemictrends:theHIVincidencerate,definedastheannualrateofnew
infectionsamongadultsaged15–49.Thetotalinfectedpopulationatapoint
intimeisthenetresultofpastadditionstotheinfectedpopulationthrough
newinfectionsandsubtractionthroughdeaths.Therateofnewadditionsto
thepoolofinfectedindividualsismeasuredbytheincidencerate.

Figure5presentsUNestimatesofincidenceratesbyregion.Thepattern
overtimeisbroadlythesameinallregions:arapidrisetoapeakfollowed
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byaslowerdecline.Asexpected,theincidencepeakinsub-SaharanAfrica
(0.8percentperyear)isfarhigherthaninotherregions,wherethepeaks
arealllessthan0.1percentperyear.Thetimingoftheincidencepeaksalso
variessignificantly.Thefirstpeakoccurredinthe1980sinNorthernAmerica
(1983)andLatinAmerica(1987),followedbysub-SaharanAfrica(1991)and
Asia(1995).Europehastwopeaks,thefirstin1983inWesternEuropeand
thesecondin2001inEasternEurope.Theglobalpeakinincidenceoccurred
in1995atarateof0.1percentperyear.Theongoingdeclinesinincidence
arecausedbythesamefactorsnotedaboveforprevalencetrends:saturation
ofinfectionamonghigh-riskgroupsandchangesinbehavior.Butthereis
anadditionalthirdfactor:adeclineintheaverageinfectiousnessofinfected
individuals.Thisdeclineisaresultofarisingaveragedurationsincethetime
ofinfectionastheepidemicmatures,combinedwithareductioninindividual
infectiousnesswithtimesinceinfection.

AcomparisonofFigures4and5showsthatthepeaksinincidencepre-
cedethepeaksinprevalencebynearlyadecade.Thisimpliesthatprevalence
continuestoriseforanumberofyearsaftertheincidenceratehasbegunto
decline.Thisispossiblebecausetheprevalencerateiscalculatedfromthe
numberofindividualswhoarecurrentlyinfectedregardlessofwheninthe
past the infectionoccurred.Forexample, inahypotheticalcase inwhich
allinfectedindividualssurviveexactlytenyears,theprevalencerateatany
givenpointintimeequalsthesumofallinfectionsthatoccurredinthepast
tenyears,regardlessofwhethertheannualnumberofnewinfectionswas
risingor falling. Thenumberof infected individuals reaches amaximum
whenthedecliningnumberofnewinfectionsequalstherisingnumberof
AIDSdeaths.Thispointistypicallyreachedanumberofyearsafterthepeak
inHIVincidence.

Figure6summarizesthepeakyearsforincidenceandprevalencerates
for the world and for major regions. The left end of each bar represents
theyearoftheincidencepeakandtherightendrepresentsthepeakyear
for prevalence. For example, world incidence peaked in 1995 and world
prevalencein2003,adifferenceofeightyears.Asnoted,thefirstincidence
peakoccurredinNorthernAmericaandthelastoneinEasternEurope.The
prevalencepeaksoccurnearlyadecadelaterexceptinAsia,wherethedelay
isshorter.ThemainfindingfromthisanalysisisthatthepeakyearsofHIV
incidencehavepassedforallregions,andthepeaksofprevalencearemostly
inthepastexceptinEasternEurope,whereitisexpectedtooccurin2008.

Theprecedingdiscussionofepidemic trendshas reliedon incidence
andprevalenceratestoquantifyepidemicsizes.Analternativemeasureof
epidemicsizeissimplytheabsolutenumberofnewlyorcurrentlyinfected
individuals.Analysisofabsolutenumbershasbeenavoidedherebecausethey
areaffectedbypopulationsize,thuspotentiallygivingmisleadingresults.For
example,in2006thenumberofinfectedadultsinChinaisestimatedtohave
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beenmorethantwicethenumberofinfectedindividualsinBotswana.But
theHIVprevalencerateinBotswana(24percent)ismorethan200timesthe
rateinChina(0.1percent).Itisclearthatthesocietalimpactoftheepidemic
isbettermeasuredwiththeprevalenceratethanwiththeabsolutenumbers
infected.Nevertheless,absolutenumbersaresometimesuseful,forinstance
fortheallocationofinternationalresourcestocombattheepidemic.Figure7
presentstheabsoluteannualnumberofnewinfectionsbyregion.Asexpect-
ed,sub-SaharanAfricahasthelargestnumberofnewinfectionsperyear.Asia
issecondbecausealowincidenceisappliedtoamuchlargerpopulation.The
numberofnewinfectionsworldwidepeakedinthemid-1990satjustover3
millionperyear,thendeclinedto2005.Thedeclineisprojectedtocontinueto
2010,followedbyaplateauuntilabout2030aspopulationgrowthoffsetsthe
continuingdeclineintheincidencerate.Figure8presentsabsolutenumbers
ofinfectedadultsaged15–49byregion.AfricaandAsiaareagainthehigh-
estandsecondhighestregions.Theworldtotalreached29millionin2006
andisexpectedtoremainnearthislevelforseveraldecades.Thepeakinthe
numberofinfectedindividualsinsub-SaharanAfricaisnotexpecteduntil
around2030.Asnoted,populationgrowthandtheextensionofthelivesof
AIDSpatientsduetoARTarelargelyresponsibleforthistrend.
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aged 15–49, by region
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Newpreventiontechnologiesandtheir
potentialimpact

ThefuturespreadofHIVcanbereducedwithmorevigorouspreventionef-
forts.Preventionoptionscanbedividedintothosethatarewidelyavailable
todayandencouragedbymostongoinginterventionprogramsandthosethat
dependonthedevelopmentandintroductionofnewtechnologies.Thefor-
merincludeabstinence,reductioninnumberofpartners,andcondomuse.

Preventionprograms,bybroadcastingmotivationalmessages,haveen-
couragedabstinence,sexualfidelity,andcondomuseinmanysettings,even
thoughthequestionastowhichofthesepreventioninterventionsshouldbe
givenhighestpriority(inparticular,theroleofabstinencevs.condomuse)is
controversial(Merson2006).SecondarytransmissionofHIVfromaninfected
mothertohernewborncanbepreventedbytheuseofantiretroviraldrugs,
byencouragingsafer infant feedingpractices,andby improvingaccess to
contraceptiontopreventunwantedpregnancies.Decliningprevalencerates
inseveralcountriesareconsistentwiththeviewthatthesepreventionefforts
havehadanimpact.Despitetheseencouragingtrendsinafewpopulations,
high-riskbehaviorremainspervasiveandHIVcontinuestospreadinmuch
oftheworld.Inaddition,manywomenwhowishtoprotectthemselveslack
thecooperationoftheirpartners.Tomakepreventioneffortsmoreeffective,a
massiveglobaleffortisunderwaytodevelop,test,andintroducenewpreven-
tionmethods,notablymalecircumcision,microbicides,andvaccines.

Malecircumcision. Asnoted,recentlyconcludedrandomizedcontrolled
trialsconfirmthesubstantialprotectionmalecircumcisionprovidesagainst
HIV infection.Shortlyafter thepublicationof theseresultsa jointWHO/
UNAIDSTechnicalConsultation recommended thatmale circumcisionbe
implementedinareaswithahighprevalenceofHIVinfection(WHO/UNAIDS
2007).Because introductionofmale circumcisionprograms is a complex
process,furtherresearchisneededonahostofcriticalissuesincludingac-
ceptabilityamonguncircumcisedmales,thesafetyofthesurgicalprocedure,
theabilityofoverburdenedhealthcaresystemstohandlealargevolumeof
procedures,thetrainingofmedicalpersonnel,theneedtocontinuetheuseof
condomsbecausecircumcisionisonlypartiallyeffectiveinpreventinginfec-
tion,selectionofthetargetagegroup(infants,adolescents,oralladultmales),
andtheneedtopreventbehavioraldisinhibition(anincreaseinhigh-risk
behaviorinducedbytheprotectionaffordedbymalecircumcision)(Sawires
etal.2007;WHO/UNAIDS2007).

Microbicides. Amicrobicideisavaginalproduct(e.g.,gelorcream)that
blocksthetransmissionofHIVduringsexualintercourse.Microbicideshave
twohighlydesirablecharacteristics:theyareunderthecontrolofwomenand
theydonotrequiretheconsentorknowledgeofmalepartners.First-genera-
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tionmicrobicidestypicallyformphysicalbarriersagainstthevirusorchange
thechemistryofthevagina.Ongoingtrialswillconcludeoverthenextfew
yearsandanyproductsfoundtobeeffectiveareexpectedtobeapproved,
manufactured,anddistributedrelativelyquickly.Second-generationmicro-
bicidespromise tobemoreeffectivebecausetheyfightviral transmission
throughmultiplemechanisms(e.g.,bycombiningaphysicalbarrierwithan
antiretroviralagent),andsomeofthemaredesignedtoincreaseacceptability
bymakingthemlesscoitaldependentandlongeracting.Severalsuchcom-
poundsarenowunderdevelopment(Nuttalletal.2007).

Vaccines. Avaccinedoesnotrequiredailyactionandisthereforethe
preferredpreventiontechnology.Unfortunately,noeffectivevaccinecandi-
datesareavailableandallnewexperimentalvaccinesfacebigobstacles:HIV
mutatesrapidlytoescapeimmuneresponses,andasinglevaccineisunlikely
toprotectagainstthemanyexistingHIVvariants.Asaresult,aneffectiveand
easilymanufacturedvaccineisprobablyatleastadecadeaway(Johnsonand
Fauci2007).

Likemalecircumcision,microbicidesandvaccineswillprobablybeonly
partiallyeffective,thatis,theuser’sriskofinfectionisreducedbutnotelimi-
nated.Suchtechnologiesareneverthelesscrucialbecauseeachavertedinfec-
tionbenefitstheindividualuserdirectlyandalsoreducestheriskoffuture
infectionsinthegeneralpopulation.Withconsistentuse,evenmoderately
effectiveproductscouldpotentiallyavertmillionsofdeaths.Thefutureimpact
ofthesenewtechnologiesontheepidemicdependsonhowsoontheybecome
available,onhowacceptabletheyaretousers,onhoweffectivetheyareif
usedasrecommended,andonhowdiligentusersareinfollowinginstruc-
tions.Variationsineachofthesefactorswillleadtowidelydifferentoutcomes
whenthesetechnologiesareintroducedindifferentpopulations.

Toprovideboundariesforthepotentialimpactofnewtechnology,we
comparetwoprojections.Thelargestimpactisprovidedbyaprojectionin
whichall infections stopafter theyear2010.Thisveryunlikely scenario
couldbebroughtaboutbydiscoveryofanew100percenteffectivevaccine
anditsimmediateanduniversalapplication.Thesmallestimpactisgivenby
themediumvariantUNpopulationprojection,whichassumesnoadditional
preventiontechnology.

Figure9comparesthefuturetrendsinHIVprevalenceratesinthese
twoprojectionsforsub-SaharanAfrica.Thetwoscenariosdivergeafter2010.
Althoughnonewinfectionsoccurinthefirstscenario,thereisasubstantial
numberofinfectedpersonsin2010andsomeofthesesurvivemorethana
decade.Asaresult,prevalencedeclinesgradually,reachinghalf the2010
levelby2016.

Thepotential effect ofnew technologies is substantial, but the real-
worldimpactwilllikelybemuchlessthanthemaximumimpactpresented
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here.Thisisdemonstratedbyasimulationstudyofthepotentialimpactof
malecircumcisionbyWilliamsetal.(2006).Assuminganeffectivenesslevel
demonstratedintherecenttrialsandfullcircumcisioncoverageby2015,this
studyestimatesforSouthAfricaareductionofjust19percentinthenumber
ofinfectedindividualsandof13percentinAIDSdeathsbelowtheno-inter-
ventionscenarioforthedecade2015–25.Thisisobviouslyanimportantstep
intherightdirection,butfallswellshortofstoppingtheepidemic.

ThedemographicimpactoftheHIVepidemic

The following analysis of the demographic impact of the AIDS epidemic
comparestwoscenarios—”AIDS”and“No-AIDS”—preparedbytheUnited
NationsPopulationDivisionaspartofits2006RevisionofWorldPopulationPros-
pects(UnitedNations2007).TheAIDSscenarioissimplythemediumvariant
populationprojection,whichincludestheeffectoftheepidemic,whilethe
No-AIDSscenarioisaprojectioninwhichthemortalityratesofuninfected
individualsareappliedtotheentirepopulation.5Itshouldbenotedthatthe
demographicimpactincorporatedintheAIDSscenariodoesnotreflectthe
updatesofHIVprevalenceestimatesmadein2007inselectedcountries.The
epidemic’sdemographicimpactmaythereforebeslightlyoverestimated.
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Theepidemicdirectlyaffectsstandarddemographicindicatorsofpopula-
tionmortalitysuchasthecrudedeathrateandlifeexpectancy.Effectsonfer-
tilityandmigrationalsoexist,buttheyaresmallerandmorecomplex(United
Nations2002).Changesinvitalratesinturnaffectpopulationgrowthand
theagestructure.Tosimplifythepresentationofthesedemographiceffects,
welimitthefollowingdiscussiontothreekeyindicators.

Crudedeathrate

Figures10Aand10Bplottheestimatedpastandprojectedfuturecrudedeath
rateswithandwithoutAIDSbyworldregionfor1980to2050.Asexpected,
thedifferencebetweenthesetwoscenariosislargestinsub-SaharanAfrica.In
thisregion,thedeathratedeclinessteadilyovertimeintheNo-AIDSscenario,
whileitpausesbetween1985and2005intheAIDSscenariobeforeresuming
adecline.ThecrudedeathrateintheAIDSscenarioexceedstherateinthe
No-AIDSscenarioby22percentin2000–05,andthisdifferenceisprojected
todeclineslightlybytheendoftheprojectionperiod.Intheotherregionsthe
impactoftheepidemicisanorderofmagnitudesmaller(seeFigure10B).The
largestfuturedifferencesbetweentheregionalAIDSandNo-AIDSscenarios
rangefrom2to3percent.

1980 1990 2000 2010 2020 2030 2040 2050
0

2

4

6

8

10

12

14

16

18

D
ea

th
s

p
er

1
,0

0
0
p

o
p
u

la
ti

o
n

p
er

y
ea

r

FIGURE10ACrudedeathratewithandwithoutAIDS,
sub-SaharanAfrica,1980–2050

SOURCE:UnitedNations2007.

WithAIDS

WithoutAIDS



B O N G A A R T S  / B U E T T N E R  / H E I L I G  / P E L L E T I E R  2 1 5

Populationagestructure

TheimpactofAIDSondeathratesvarieswidelybyage,withthelargestef-
fectsamongadultsaged20–49andamongyoungchildrenwhoareinfected
bytheirmothersaroundthetimeofbirth.Asaresult,theepidemichasan
effectonthedistributionofthepopulationbyage.Thiseffectisverysmallin
allregionsexceptsub-SaharanAfrica.Figure11comparestheagedistribution
ofsub-SaharanAfricain2015forthetwoscenarios.Thelargesteffectsoccur
intheagegroupsaboveage30andbelowage15,reflectingtheimpactof
AIDSdeathsthatoccurredbefore2015.Thedeclineinthenumberofchildren
inthe“AIDS”scenarioisalsocausedbyaprojectedreductioninthenumber
ofwomenofreproductiveageduetoAIDSmortality.Inthemostheavilyaf-
fectedcountriesthechangesintheagestructurearemorepronounced.This
isevidentinFigure12,whichplotstheAIDSandNo-AIDSagedistributions
forSouthAfricain2015.Theseresultsarebroadlyconsistentwiththein-
depthanalysisoftheimpactoftheepidemiconthepopulationagestructure
byDorringtonetal.(2006).

Populationgrowth

ExcessdeathsduetotheHIVepidemiccanaffectpopulationgrowth.Figure
13comparesregionalpopulationgrowthbetween2005and2050withand
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withouttheAIDSepidemic.Inallregionstheepidemicleadstolowerpopula-
tionsizein2050,butoutsidesub-SaharanAfricatheeffectisafractionof1
percentandhencenotvisibleinthegraphs.Amuchlargerimpactisforecast
forsub-SaharanAfrica,wherepopulationin2050isprojectedtoreach1.95
billionwithout theepidemicand1.76billionwithAIDS (seeFigure14).
ThedifferencebetweentheseprojectionsisduetothedirecteffectsofAIDS
deathsandtheabsenceofdescendantsfromindividualswhohavediedfrom
AIDS.Itisnoteworthythatdespitethehugemortalityassociatedwiththe
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FIGURE 13   Projected percent change in population size between
2005 and 2050 with and without AIDS, by region
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AIDSepidemic,thepopulationofsub-SaharanAfricaisexpectedtogrowby
1billionbetween2005and2050.

Therelativeimpactonfuturepopulationgrowthisofcourselargerin
SouthernAfrica.Forexample,asaresultoftheAIDSepidemic,population
sizein2050isprojectedtobereducedbelowtheNo-AIDSscenarioby29
percentinSouthAfricaandby25percentinBotswana.Butinbothcoun-
triespopulationgrowthremainspositiveoverthenextseveraldecades.The
explanationforthisfindingisthatthecrudebirthrateinthesecountriesis
considerablyhigherthanthecrudedeathrate.Asaresult,evenadoublingof
thedeathrateleavesthebirthratehigherthanthedeathrate,andthepopula-
tioncontinuestogrow,thoughataslowerpace.Forinstance,inBotswanathe
birthanddeathrateswithoutAIDSin2005–10areprojectedas2.5percent
and0.6percentperyearrespectively,leadingtoarateofnaturalincreaseof
1.9percentperyear.Withtheepidemictheprojecteddeathratehasmore
thandoubled,to1.4percent,which—withasimilarbirthrate—givesarate
ofnaturalincreaseof1.1percent.Takingintoaccounttheeffectofmigration,
theepidemicisprojectedtoreducethepopulationgrowthratefrom2.1to
1.2percentperyear.Nocountryisexpectedtoseeadeclineinitspopulation
sizebetween2005and2050thatisattributabletohigherAIDS-relatedmor-
tality.However,ifoutmigrationreacheshigherlevelsthanprojected,some
countrieswithhighAIDSprevalence levelsmayexperienceapopulation
declineinthecomingdecades,eventhoughtherateofnaturalincreasewill
mostlikelyremainpositive.

Conclusion

OverthepastquartercenturytheHIVvirushasspreadveryunevenlyaround
theworld,withverylargeepidemicsinpartsofEasternandSouthernAfrica
andrelativelysmallepidemicsoutsideAfrica.Theexplanationforthisvaria-
tion lies inseveralepidemiological factors.The largestepidemicsoccur in
populationswheremultipleandconcurrentpartnersarerelativelycommon,
wherecondomuseandmalecircumcisionarerare,andwhereulcerating
sexuallytransmittedinfectionsareprevalent.Intheabsenceofmostofthese
factorstheHIVvirushasdifficultyestablishingandsustainingitself,andthe
HIVprevalencerateistypicallylessthan1percent.

Theanswertothequestionofwhetherandwhentheepidemicpeaks
depends on which indicator is used to assess epidemic trends. Although
estimatesofpasttrendsintheepidemicmaycontainmeasurementerrors
andthemodel’sunderlyingassumptionsaresubjecttorevision,itappears
thattheincidenceratehaspeakedinallworldregionsandisnowdeclining.
Thesameistruefortheprevalencerate,althoughthepeakoccurredlater.
Ongoingdeclinesinincidenceandprevalenceratesareprobablyattributable
tobehaviorchangeandtothenaturalburn-outofepidemicsfollowingthe
saturationofhigh-riskgroups.
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Asomewhatdifferentpictureemergeswhenepidemicsizeismeasured
intermsofabsolutenumbersofinfectionsandinfectedindividuals.Apeak
intheannualnumberofnewinfectionsoccurredinthepastdecadeinallre-
gions;thesepeaksareexpectedtobefollowedbysteadydeclinesinallregions
exceptsub-SaharanAfrica.Inthisregionareboundintheannualnumberof
infectionsisexpectedasaslowlydecliningincidencerateisoffsetbyarapidly
risingpopulationsize,withahigherpeakprojectedaround2025.Thetotal
annualnumberofnewinfectionsworldwideisprojectedtoremaincloseto
currentlevelsforthenextquartercentury.

TheHIVepidemicreachedamajorturningpointoverthepastdecade.
Incidenceandprevalencerateshavepeakedinallworldregionsbetweenthe
early1990sand2008.Butinpartduetothelife-prolongingeffectofantiret-
roviraltherapyandtosustainedpopulationgrowth,thenumberofinfected
individualsisexpectedtokeepgrowingslowlyinsub-SaharanAfricaandto
remainnearcurrentlevelsworldwide,thusposingacontinuingchallengeto
publichealthprograms.Thesefindingsindicateacontinuingneedtodevelop
newpreventiontechnologiesand forpreventionandtreatmentprograms
especiallyinthecountrieswithsubstantialepidemics.Theymayalsoleadto
discussionandpossibleassignmentofalowerprioritytotheHIV/AIDSepi-
demicrelativetootherpublichealthchallenges(inparticular,otherprevent-
ableinfectiousdiseases)incountrieswheretheepidemicisdeclining.

Appendix:Projectingthedemographicimpact
oftheHIV/AIDSepidemic

Inthe2006RevisionofWorldPopulationProspects(UnitedNations2007),allcountries
withHIVprevalenceamongpersonsaged15–49equaltoorgreaterthan1percentare
consideredtobeseriouslyaffectedbytheHIV/AIDSepidemic,andtheirmortalityis
projectedbymodelingexplicitlythecourseoftheepidemicandprojectingtheyearly
incidenceofHIVinfection.Alsoconsideredamongtheaffectedcountriesarethose
whereHIVprevalenceislowerthan1percentbutwhosepopulationsaresolargethat
thenumberofindividualsinfectedislarge,suchasBrazil,China,India,andtheUnited
States.Intotal,thecourseoftheepidemicisexplicitlymodeledfor62countries.

ThemodeldevelopedbytheUNAIDSReferenceGrouponEstimates,Modelling
andProjections(2002),andadoptedbythePopulationDivision,wasusedtofitpast
estimatesofHIVprevalenceprovidedbyUNAIDSin2006foreachoftheaffected
countries.Prevalencelevelsforcountrieswithlargerevisionsin2007wereadjusted
soastoapproximatelyreflectupdatesfromUNAIDS(2007),andthesurvivaltime
frominfectiontodeathwasalsoslightlyincreasedwhilerefittingtheincidenceand
prevalencetrendsforall62countries.Thefittingexerciseproducesestimatesofthe
modelparametersthatdeterminethepastdynamicsoftheepidemicforeachcountry.
Formostcountries,themodelparametersareheldconstantinthepast,butbegin-
ningin2005theparameterreflectingtherateofrecruitmentofnewindividualsinto
thehigh-riskorsusceptiblegroupisprojectedtodeclinebyhalfevery20years,and
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theparameterrepresentingtheforceofinfectionisprojectedtodeclinebyhalfevery
30years.Thesereductionsreflecttheassumptionthatchangesinbehavioramong
personssubjecttotheriskofinfection,alongwithincreasesinaccesstotreatment
forthoseinfected,willreducethechancesoftransmittingthevirus.Inaddition,the
increasedsurvivaltimeofthosereceivingtreatmentgraduallyincreasesthesurvival
timeofallinfectedpersons.

Preventionofmother-to-childtransmissionismodeledusingestimatedcountry-
specificcoverageratesthataverage13percentin2005amongthe62affectedcoun-
tries,butvaryfrom0to90percentamongthem.Thesecoverageratesareprojected
toreach60percentonaverageby2015,varyingbetween40percentand100percent
amongtheaffectedcountries(UNAIDS,UNICEF,WHO2007).After2015,thecover-
agerateisassumedtoremainconstantatthelevelreachedineachoftheaffected
countriesuntiltheendoftheprojectionperiod.Amongwomenreceivingtreatment,
theprobabilityoftransmissionfrommothertochildisassumedtobe1percent.These
assumptionsproduceareductionintheincidenceofHIVinfectionamongchildren
borntoHIV-positivewomen,butthesizeofthereductionsvariesfromcountryto
countrydependingonthelevelofcoveragethattreatmentreachesineachcountry
(Stoveretal.2006).

Thesurvivorshipofinfectedchildrentakesintoaccountvaryingaccesstopediatric
treatment.HIV-infectedchildrenaredividedintotwogroups:(i)forthoseinfected
inutero,amongwhomthediseaseprogressesrapidly,averagesurvivalismodeled
tobe1.3yearswithout treatment;and (ii) for those infectedafterbirth through
breastfeeding,amongwhomthediseaseprogresses slowly,average survival is14
yearswithouttreatment(Boermaetal.2006;Stoveretal.2006).Explicitinclusionof
pediatrictreatmentisachievedviacountry-specificcoveragerates,whichaverage9
percentin2005butvarybetween0and99percentamongthe62affectedcountries.
By2015,theprojectedcoverageisexpectedtoreach60percentonaverage,varying
from40percent to100percentamongtheaffectedcountries(UNAIDS,UNICEF,
WHO2007).Coveragelevelsremainconstantfrom2015to2050atthelevelreached
ineachcountryby2015.Theannualsurvivalofchildrenreceivingtreatmentis95
percent,sothattheirmeansurvivaltimeis19.5yearsandthemediansurvivaltime
is13.5yearsintheabsenceofothercausesofdeath(Stoveretal.2006).

The2006Revisionincorporatesalongersurvivalforpersonsreceivingtreatment
withhighlyactiveantiretroviraltherapy(HAART).TheproportionoftheHIV-posi-
tivepopulationreceivingtreatmentineachcountryisconsistentwithestimatespre-
paredbytheWorldHealthOrganization,whichaverage25percentin2005butvary
between0and100percentamongthe62affectedcountries(WHOandUNAIDS
2006).Coverageisprojectedtoreachbetween40percentand100percentby2015,
averaging60percentfortheaffectedcountries.Between2015and2050,coverage
levelsremainconstantatthelevelreachedineachcountryby2015.Itisassumedthat
adultsreceivingtreatmenthave,onaverage,a90percentchanceofsurvivingeach
yearintheabsenceofothercausesofdeath.Underthisassumption,meansurvival
timeaftertheinitiationoftherapyis9.5yearsandthemediansurvivaltimeis6.6
yearsintheabsenceofothercausesofdeath.Therapyisassumedtostartatthetime
full-blownAIDSdevelops.Withouttreatment,infectedadultshaveameansurvival
timeoftwoyearsaftertheonsetoffull-blownAIDS.
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Theaboveproceduresapplytothe62AIDScountriesincludedinthe2006Revi-
sion.Forthepresentstudythefollowingadditionalassumptionsweremadetoobtain
comprehensiveregionalestimatesofvariousindicators.

1)Accordingtoestimatesofthenumberofinfectedindividualsforallcountries
intheworldpreparedbyUNAIDS(2006),the62AIDScountriesinthe2006Revision
cover92.8percentofinfectedadultsintheworld.Toadjustforthisdifference,all
other“non-AIDS”countrieshavebeengivenanHIVprevalencerateof0.17percent
andanincidencerateof0.018percentin2005.Ineachregionthetimepatternof
prevalenceandincidenceinthenon-AIDScountriesisassumedtobethesameasin
theAIDScountries,exceptforEuropewherethenon-AIDScountriesareinWestern
EuropeandtheAIDScountriesareinEasternEurope.TheWesternEuropeantime
patternisassumedtobethesameasintheUnitedStates(exceptatalowerlevel).

2)AccordingtoestimatesofAIDSdeathsforallcountriesintheworldprepared
byUNAIDS(2006),the62AIDScountriesinthe2006Revisioncover96percentof
AIDSdeathsintheworld.AIDSdeathsineveryregionhavebeeninflatedbyafactor
1/0.96toobtainregionaltotals.

Notes

The views and opinions expressed in this
article are thoseof theauthors anddonot
necessarily represent those of the United
Nations.

1 Infectiousnessvariesaccordingtodu-
rationofinfection,withthemostinfectious
periodsimmediatelyfollowinginfectionand
aftertheonsetofAIDS(HalperinandEpstein
2007;ShiboshkiandPadian1998;Waweret
al.2005).

2 There is no precise standard defini-
tionoftheterm“concurrency,”butitgener-
ally refers toan individualhavinga sexual
relationship with more than one partner
withinabriefintervaloftime,forexamplea
fewweeks.Thisbehaviorfacilitatestherapid
spreadoftheepidemicbecauseaninfectedin-
dividualishighlyinfectiousforseveralweeks
immediatelyfollowingthetimeofinfection
(seeendnote1).

3 A regression analysis of data from
33 sub-Saharan countries found that male
circumcisionanddurationofpremaritalsex
togetherexplain64percentofthevariancein
HIVprevalence(Bongaarts2007).

4 ARThasadditionalpoorlymeasured
effectsonthespreadoftheincidenceofHIV,
includingareductioninviralloadininfected
individuals (making them less infectious to
others), apossible increase inhigh-riskbe-
havior,andtheemergenceofdrugresistance
withpooradherencetotreatment.

5 Themortalityofpersonswhoarenot
infectedisnotthesameasthemortalitythat
wouldhavebeenexperiencedhad theepi-
demicneveroccurred.Thisdistinction isof
littleimportanceduringtheearlyyearsofthe
epidemicorincountrieswithsmallepidem-
ics,butismoreimportantwhenasizablepart
ofthepopulationis infectedandultimately
diesofAIDS.Thedifferenceistheresultofthe
assumptionthattheepidemicislikelytoaf-
fectthecapacityofcountriestoprovidehealth
careservicestoitspopulation,includingunin-
fectedpeople.Therefore,theassumedtrends
in No-AIDS mortality are somewhat less
optimisticthaniftheepidemichadneveroc-
curred.Nonetheless,thedifferencebetween
theAIDSandNo-AIDSscenariosprovidesa
usefulindicatoroftheepidemic’simpact.
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