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Universal voluntary HIV testing with immediate
antiretroviral therapy as a strategy for elimination of HIV
transmission: a mathematical model

Reuben M Granich, Charles F Gilks, Christopher Dye, Kevin M De Cock, Brian G Williams

Summary

Background Roughly 3 million people worldwide were receiving antiretroviral therapy (ART) at the end of 2007, but
an estimated 6-7 million were still in need of treatment and a further 2-7 million became infected with HIV in 2007.
Prevention efforts might reduce HIV incidence but are unlikely to eliminate this disease. We investigated a theoretical
strategy of universal voluntary HIV testing and immediate treatment with ART, and examined the conditions under
which the HIV epidemic could be driven towards elimination.

Methods We used mathematical models to explore the effect on the case reproduction number (stochastic model) and
long-term dynamics of the HIV epidemic (deterministic transmission model) of testing all people in our test-case
community (aged 15 years and older) for HIV every year and starting people on ART immediately after they are
diagnosed HIV positive. We used data from South Africa as the test case for a generalised epidemic, and assumed
that all HIV transmission was heterosexual.

Findings The studied strategy could greatly accelerate the transition from the present endemic phase, in which most
adults living with HIV are not receiving ART, to an elimination phase, in which most are on ART, within 5 years. It
could reduce HIV incidence and mortality to less than one case per 1000 people per year by 2016, or within 10 years
of full implementation of the strategy, and reduce the prevalence of HIV to less than 1% within 50 years. We estimate
that in 2032, the yearly cost of the present strategy and the theoretical strategy would both be US$1-7 billion; however,
after this time, the cost of the present strategy would continue to increase whereas that of the theoretical strategy
would decrease.
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Interpretation Universal voluntary HIV testing and immediate ART, combined with present prevention approaches,
could have a major effect on severe generalised HIV/AIDS epidemics. This approach merits further mathematical
modelling, research, and broad consultation.

Funding None.

Introduction ZLWK +,9 DV D VWUDWHJ\ WR SUHYHQW IXUWK
\HDUV DIWHU WKH GAR/GCWYRO\ RWHWKIW¥PLVVLRQ 7R FRQWURO WKH +,9%$,'6 HSL
HSLGHPLF UHPDLQV HOXVLYH DQQ QMRIFM LKRDMAH LFDEA.OH G XIRQWV DZRXOG KDYH WR EH U
UH H[DPLQDWLRQ RI WKH DSSURDE®IMFRV IERQW RRIOV YAKALW/S WILE®W SHRSOH SURWHFW|
'HYHORSPHQW Rl DQ HS8HFWLYH +9HUWDFFOQWUDBRPLQYVLRQ RI +,9 FDQ EH HOLPLQD
UHPRWH SRVVLELOLW\ DQG WULDGV RRWBHLOD DRI EWRFINLL@GIHRIKDYBIQVPLVVLRQ WK
QRW VKRZQ DQ\ SURWHRWUMH + BHQ®WL.LUHWURYLUDO GUXJV DFFRPSDQLHG E\ HO}
WUDQVPLVVLRQ LV PDLQO\ KHWHURNFHWR® PRCGHVWKHFXPALRLROHSODFHPHQW LQIDC
FDQ UHGXFH DGXOW KHWHURVH[XDIOW K FOX WKUD@PPHIYVILQD HEXMDVLY LV EHLQJ SODFF
RQO\ E\ DERXW DW WKH R Y BDGO RS WIRE. BSQ RWLYGHU LQLWLDWHG +,9 WHVWLC
KDV EHHQ PDGH WR IRFXV SUHYH®WORE @R \GBUYH YWDREWWRGLHY KDYH EHHQ XQ(
KLJK ULVN SRBRGDWRRINSDQG SURIJUDRRHVEHRW RI GLDJQRVLQJ DOO +,9 SRVLWLYH
IHPDOH VH[ ZRUNHUV DQG WEMHE VPQICH PGWMDWLQJ WKHP LPPHGLDWHO\
XVHUWZ SHRSOH DUH DZDUH RI W K3HUIHN H@PWVIKDRE MO L QG VXIIHVW WKDW $57 VKRX(
UDSLG H[SDQVLRQ RI YROXQWDU\ +ZRHQH YV Q/IHFWHGG SFRSOM QBIDFXK VSHFL'F LPPXQR
KDV EHHQ UHFRPPHQGS$ERXW :+PLKOAIRFEDOO\ GH QHG VWDJHV RI GLVHDVH WR NHI
SHRSOH ZRUOGZLGH KDG EHHQ JLRRQEDRQ U HVQGR PIRIDMOD WKWU LS\ LQGLYLGXDO SI
$57 DW WKH HEGWRDQ HVWLPDWHGQLPRPROURYHU $57 KDV EHHQ LPSOHPHQWHG LW
ZHUH VWLOO LQ QHHG RI LW DQGKDGXDWXKBEVWDRPMWADIOR® QEUHDSLG HEHFW RQ V
LQIHFWHG ZLWK +,9 LQ LQGLYLGXDOV DQG ZLWHKLH FFEVODRILRQV
$W SUHVHQW WKHUH LV LQDGHTX\DUMHD W HQWQRES® WRIWD Q¥VP IWRLRQ DQG WKH SRVVLE
SURYLGH JXLGDQFH RQ WKH UROH HRQHSWVVIRID BH R ZQMW KO LWRPH H[FHSWLRQV UHFH
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Figure 1: Theoretical basis for the stochastic and deterministic transmission models
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DWWHQWKRQXVH RI $57 FDQ UHGXFBIQWKSURYDEPDWKHM EZLWK LPPHGLDW|
ORDG E\ XS WR VL[ RUG HUQ/G RYHWBKEDLRVXGRI $57 WR HOLPLQDWH WUDQ
LOQYHVWLIJDWRUV KDYH DVVHVVHG® ZW KH HVSHIFRWD VR IKBB R IRKGIQ ZRXOG S
WUDQVPLVV¥RREBYHU WKH KLJK YL UD@GORDE VERRGL Q IWHKHWHVWLQJ SRVLV
DFXWH SKDVH Rl LQIHFWLRQ W®EHNKRRQK\SEWKHWLRQO RARGHOOLQJ
LQIHFWLRXVQHVYV WKH SUHVHQW BWWODMHRN RILRDWY B U VAERY WRO XOEVED U\
SRWHQWLDOO\ WR[LF $57 WR SHRS\OUHEZWRPWIQ WPRXWK B$EVWH®VWKH FRQ
DUH VHYHUHO\ FRPSURPLVHG DQ&\WREURWH{MDOH HFBIQGHAGKFRI WKH V
WKH H[WHQW WR ZKLFK WKH XVH RYRBSW KHGEGX F$H WV W DD VPG VNIRRL QHG W
'"HVSLWH VXEVWDQWLDO H§RUWV IR FRSWRIEG PSEGMVLWR RROE EMDEULY
+,9 WHVWLQJ QHDUO\ Rl +,9 TKQHHPWHK® WDWGKDYW SR HQWLDO LPSO
VXE 6DKDUDQ $IULFD DUH XQDZDUMW RDW K HIX MWDEWRD B QR @RYEGW D WLR
WKDQ GR QRW NQRZ ZKHWKHU WKHLU SDUWQHUV DUH LQIHFWHG

ZLWK +,93UHVHQW DSSURDFKHV MRods,9 WHVWLQJ

SUHYHQWLRQ DQG WUHDWPHQW BtudydsigOLNHO\ WR EULQJ DERXW D
UDSLG UHGXFWLRQ LQ +,9 LQFLGHRQHFWW DR, VEHBDQSRVMRKHWLFDO +,9
WUHDWPHQW LQ FRXQWULHY WKDVW DPRIHOPEQW KDDL OU PR HRXMXE ZL O DF
FRQWLQXH WR JURZ 5HGXFWLRQ UGGHUDQEVBBQFEY HBLWKPURHUHSUHVI
JRDO RI HYHQWXDO HOLPLQDWLR QO L2YR)QIGZ U WX X+ KAS RMKKDHAN WKIHO F\I M M W
UHSURGXFWLRQWIPEQMPBEHU RI VABFRRBWHK\ $IULFD WKDW DOPRVW I
LQIHFWLRQV UHVXOWLQJ IURP R QKH ®/WIUFFDAH[XDOHBWWWR® UL @/ KD KRPRV
RWKHUZLVH VXVFHSWLEOH SRSXO KXW DU AU K H G X B HGR XWRKDS) G LNFIDSIVQ G \
EHORZ$ SRWHQWLDO VKLIW LQ VWWDMNSHRUWNGWR WKHMHIQRVHUXYOWLRQ Wt
+,9 LQIHFWHG SHRSOH DV VRRQ DNQSRRXWKO $il (DU MHQY RIPOHEW LRQN LP D W
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SUHYDOHQFH LRUARKHWPRUH ZH DVVXPHG WKDW
LQWUDYHQRXV GUXJ XVH GRHV QRW FRQW LEXW HV }EA] W P-Q W+ A)O O\ WR
WKH RYHUDOO UDWHV RI LQIHFWLRQ
‘H XVHG D VWRFKDVWLF PRGHO WR
YDULRXV WUHDWPHQW VWUDWHJLHBN
DOORZLQJ WUDQVPLVVLRQ WR YDU\ EHWZH
FKURQLF SKDVH RI +,9 LQIHFWLRQ 7R VHW ¥
WDUJHW IRU WKH SXUSRVHV RI WKLV VW Xk
+,9 HOLPLQDWLRQ DV D UHGXFWLRQ LQ LQFLG
RQH FDVH SHU SHRSOH SHU \HDU :H XVHG D GHWHUPLQLVWLF
WUDQVPLVVLRQ PRGHO WR HI[S O Rdd: rWnlsdidn mioh ot FikrectiRl and¥rldrdekduiRal Xedipy
+,9 WHVWLQJ DQG WUHDWPHQW VM¥UeRWHJLHY RQ WKH ORQJ WHUP
G\QDPLFV RI WKH HSLGHPLF 7KH WRB}IQA?%I{UWR§%§Z%LJB%WQZST— P 1D S8 odes Ss3 ™S~
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Stochastic model ™ . SZ T—S ™S T™ME % T %o o5V MH M 1/2 ™Sz 175G MY MGG A"__s~
,Q WKH VWRFKDVWLF PRGHO ZH r—“ %g ]7[v§ m) DX »&2@ s—.S”TMTTcTEMs Top g
SHUVRQpPV &' FHOO FRXQW DQG D,V XEUYL O WLRT .TZJ< §0,7°@ -8 & 208wz

WDNHQ IURP SRSXODWLRQ GLVV\&JLEMVLRQVSZGMMHGwuwp Stm gem r_ m.g m_gtmeg
DYDLODEOH GDWD )RU WKH SUH $HTFTAN3JRQ o@L\rW(ﬁLE)@\AT/MHngﬂl;M"iz-TS;‘——?y 2" G
&' FHOO FRXQWV “JXUH $ ZH xv*;—[g,gggﬁamp’;lsmpsp XBY R L S LT
LQ 2UDQJH )DUP 6RXWIKV §NPH® WK@W,@N, oS %S 51 S 4 S WISSHB 2L TS 27 1

&' FHOO FRXQW GHFUHDVHG E\ ~ws4_F§PMG|_DWTHov DIWH U 8% 7 +— 85278 "% S A
LQIHFWLRQ DQG OLQHBW\OR RVKW K HID KWIHLLD G H [

FDVH FRXOG LQIHFW DQRWKHU SHUVRQ L
+,9 SRVLWLYH VWDUW WUHDWPHQW™W W
‘H DVVXPHG WKDW VXUYLYDO DIWHU
ZLWKRXW $57 ZRXOG IROORZ D :HLE
"JXUH % ZLWK D PHDQ RI7KH6DFXWHD
SKDVH ZRXOG ODVW IRU PRQWKYV
LQIHFWLYLW\ ZRXOG EH WHQ WLPHV KL F
SKDVH “JXURKK "QDO SKDVH ZRXO& OD 2

WKH VXUYLYDO WLPH ZLWKRXW $5% 1,G
LQIHFWLYLW\ ZRXOG EH "YH WLPHVEKLJ 3
SKDVH D SHUVRQ ZDV WHVWHG D@G L
FRXQW ZDV OHVV WKDQ D VSHFL FgWK 4
JLYHQ $57 2QFH UHFHLYLQJ $57 ZH»B"
LQIHFWLRXVQHVV IHOO WR RI WKHLU W
RQ WKH EDVLV RI WKH UHODWLRQ B G
DQG $57 DQG HVWLPDWHG GHFUHDVHY, L
UHFHLYLQJ $57 500 1000 1500 2000
'H VWDUWHG WKH PRGHO ZLWKRXW $57 E\ DG % W Mkt @rdaerbe K H
FKURQLF SKDVH LQIHFWLYLW\HWRDAEWDLQ D YDOXH RI 5
WR DQG D GRXEOLQJ WLPH RI ” F.'guwj.-RMAAbew&HR/stglﬁééuew,ﬁnklce@cQWaQRo
GHVFULELQJ WKH HSLGHPLF WHKHQ®G"-EQs 6RXWKS $MSLFEDZ S ™Z"*" —§ 8§ ™MZE «—"" "*§ «—2't—
SDUDPHWHUV LQ "JXUH & FRXOG DTOOTMESH"’?ZD@LSHQ WA HIDPLOH WK ™Sk TET2:7™ ™eS -
HSHFW RI LQWURGXFLQJ $57 DW Y U4 RV 4 SF0Q FRAQWY BQu: rom vemian siaon
WKH YDOXWR RDBFXODWH WKH WL PFs.LURPWK F § QirbbEaE LG, Rl 1@ S ™
WKH LQGH[ FDVH WR WKH LQIHFW LR dRE"H'D FHEWHFRQED W\t DY H™ DQ G
WR DVVHVV WKH FXPXODWLYH QXPEHU RI LQIHFWLRQV RYHU WLPH
"JXUH ' 7KH PRGHO ZRXOG SUMYEGRVWKHW PHRD QM REVHUYHG :HLEXOO VXUYLYI
IUHTXHQF\ GLVWULEXWLRQ RI HDFKJRUNKEVH NKMDWRRBSDLBEWPARQMWK LQ WKH WUDQ\
ZHUH REWDLQHG RYHU PDQ\ UXQV PR&HB VLPXODWHG WKH SURJUHVVLRQ IURP LQIHF
DQG ZHUH XQUHODWHG WR WKH DFXWH DQG "QDO
Deterministic transmission model VWRFKDVWLF PRGHO
7KH GHWHUPLQLVWLF WUDQVPLVVLRR FOROGEO DVQH " WKH PREBI® ZH XVHG WKH SUHYD!
IRXU FRPSDUWPHQWYVY IRU SHRSOHLIQQ BHRFIWWHG $ZWU WD @, D BOROW.Y HD JH G \HDUV DQG R:
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Figure 4: HIV incidence (A), prevalence (B), and mortality (C) and the incidence (D), prevalence (E), and mortality (F) of people placed on antiretroviral

therapy (ART)
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ZDV REWDLQHG E\ VFDOLQJ GDWD IURP WKH QDWLRQDO BRW 5 QRUIBIVRH
FOLQLF VWRYMAKH 81$,'6 HVWLPDWHDWRXS DMVRXOWY SHRSOH GURS RXW L
LQ 7R REWDLQ WKH EHVW "W ZNWDWWHQJWKUH DAWPHQWRIQG WKHQ DW
WKH HSLGHPLF WKH WUDSVPIQW WEOXEBULRRHWKRVH ZKR GLH :H DVV
SDUDPHWHUV WKDW DFFRXQW I[RGURBWXVRUDWHL WL LQ SHHIXBEDU :H D
EHKDYBEMXQ®E “JXUH WUHDWPHQW ZRXOG IDLO LQ Rl LQC
$ SURSRUWLRQ RI SHRSOH R&§HWK®D VS5WKRLMHKW QBHNMUGXDOV ZRXOG E
WUHDWPHQW RU IDLO WUHDWPHQWVHLPRICO OX KM ~ WA DRVZP BIDMN V $ O K R X
D SURSRUWLRQ RI SHRSOH LQ WK H \PHRRGRHIOG GQLIGQ ® RGAU X YWD B RVX\W G HVD KAHPQH @ W
7R DOORZ IRU VXEVHTXHQW GURS RXWWE® EQ N VEURXIJORWMKIWL B 8 XPPG LR (
RWKHU FKDOOHQJHV VXFK DV DG KMLLRHIF HR W RV KU IF B W\R HRIW UMW P H Q W
HEHFWV RI GUXJV DQG GUXJ UHVLVQWDHFEHH QWGRYL GHD OVWAPRES WE D W
WDNLQJ $57 PWHD KBWG SHU \HDUORJXVWLFD®O\ WR E\ DQG E\
XVHG IDLOXUH UHIXVDO DQG UHWHQWLRRL QDG HDV WWKLLDW K D\Y R | EXGIQY H
DFKLHYHG LQ WKH QDWLRQD O DSWIRHMWPIP@J LIQ GDIODFZHGLDWH $57 LQ ZK
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WHVW FDVH FRPPXQLW\ DFFHSWH
D \HDU RQ DYHUDJH DQG DOO +,
$57 DV VRRQ DV WKH\ ZHUH GLDJ
LUUHVSHFWLYH RI FOLQLFDO VWI

Deaths (thousands) Deaths averted
(thousands)

Neither strategy

VHQVLWLYLW\ DQG VSHFL"FLW\ R '$ cc |
+,9 WHVWV DUH QHDU DQG UH : €¢
YDOXH HVSHFLDOO\ ZKHQ GL§HU . : ¢¢ Hu
DV SDUW RI D TXDOLW\ FRODRHWRIO #a "y ce

ZH DVVXPHG VHQVLWLYLW\ D ART started when CD4+ count <350 cells per pL

PRGHOOLQJ H[HUFLVH :H FRPS $ o

VWUDWHJI\ RI XQLYHUVDO YROX :
LPPHGLDWH $57 ZLWK D VWUDWH
VWDUWHG ZLWK D &' FRXQW ORIV  *#a #1o# $
WKH EDVLV Rl RSWLPXP LPSOHTF ARTstartedwhen(D4+count <350 cells perpL and universal
JXLGHOLQHV IURP WKH 6RXWKHUQ voluntary HIV testing/immediate ART
LQ ZKLFK ZH DVVXPHG WKDW DOO !

KDYH SUHVHQWHG WR D KHDOV o "
& FRXQW IHOO WR D QBHDIRXO &H ) | !
DW WKDW WKUHVKROG )RU WKLV #a #'$ $$ HG

RQ WKH HS8HFW RI $57 DQG H[FO)‘ ARTstal:ted}NhenC.D4+count<350ce|lsperpL,uninersalvolunFary
SUHYHOWLRQ LQWHUYHQWLRQV HIV testing/immediate ART, and otl:eradult prevention strategies
WUDQVPLVVLRQ PRGHO WR FRPSI g
LOQWHUYHQWLRQV RQ WKH LQFLGH LW\
Rl +,9 SRVLWLYH SHRSOH ZKR ZRX
UHFHLYLQJ $57
‘H WKHQ XVHG WKH GHWHUPLQLYV —fe™MZ_S™M_"7 1 ™S _tezA
WLPH WR HOLPLQDWLRQ DIWHU Table: Estimated number of AIDS-related deaths for the years 2015,
WKHRUHWLFDO VWUDWHJ\ ‘H FR 2030 2050, and 2008- 50withdifferentstrategies
YROXQWDU\ +,9 WHVWLQJ DQG LPF. o ~ = -
ZKR WHVWHG +,9 SRVLWLYH LUUHVSHFWLYH RI &' FHOO FRXQW
RU FOLQLFDO VWDJH ZLWK D IXOO®HDHANDJIH &RIQ WHONYIIRQQW LYEROW &RQWURO DQG
SUHYHQWLRQ LQWHUYHQWLRQV 3DHQNDF XSORRIB LIQ® WIKGI) HPPFG\ MRWUDIBREDO +HDOW
RI WKH SURJUDPPH WKLV VWUDWHLD LRRRELG UHHDBEK SQGVROQDIOH FRRPPXQLFDWLRQ 7R
$57 SHRSOH ZKR ZRXOG QRW KDY HWHKH ¢ RWVHW VRHAWVKRHU WIOHRQEWLFDO VWUDWHJI\ IRU
WKRVH ZLWK &' FRXQWY JUHDWHWDIMWD XH DARMXPWHG HUKB®D/W:H RU " ELOOLRQ RI H
DOVR DVVXPHG WKDW RWKHU DG X O\W DLLON HUO/RYEDOL RRQY G RQJS LR HQWE,RE XS WR
RI +,9 ZRXO0OG FRQWULEXWH WR UHGXRWLRQVELQO OLNRDQRPBYYI'RGURMHFWHG \HDUO\
7TKHVH LOQWHUYHQWLRQV FRXOG LIRRIOXQHYRADUEHOFDBFFXKRNLXSRWR ZRXOG EH DY
EHKDYLRXU FKDQJH SURJUDPPHV FPRQGRP SRRRWBR/QRRDV DRWBVFULEHG IRU 6RXWK $II
WUHDWPHQW RI FXUDEOH VH[XDOG\1%,UDREYPYWUMDD LHHEWL RRWLADWHY IRU SUHYH
DVVXPHG WKDW WKHVH RWKHU L QMMNH3J YWHIHWD MRROMNQ W RLIHAVORKKGWH ZNRKHDBBW PHQ W TR U " F
UHGXFH WUDQVPLVVLRQ E\ DQCEVYRXOG &RMVWR TOBE XROXOWDRWQ UHVXOWY DSSO\
WKH VDPH UDWH DV WKH $57 SURJKDFRPWIKHWLFDO VFHQDULR DQDORJRXV WR 6RXWK
RWKHUZLVH VSHFL"HG

#a

Cost analysis

7R HVWLPDWH WKH IXQGLQJ QHH Réldaf theRundiRgseuH® HQW WKH WZR

VWUDWR XY WHVW FDVH VFHQDULRKRUPBD ¥BY HURH IXHQEH WO OLRXGFH IRU WKLV VWXG\
HSLGHRLBVVXPHG D FRVW IRU "UVWKO GQ B BRHMY uWRF WKGH. QGDWD DQG DJUHHG WR \
GUXJ GHOLYHU\ +,9 DQG ODERUDSMHEOLWHWWRQ@J DQG SDWLHQW

PDQDJHPHQWURI 86 UDQJH t IRU "UVW OLQH
GUXJV DQG t IRU VHFR@®BItOLQH GUXJV
‘H DVVXPHG WKDW Rl WUHDWPHQWUFRVWWKRAYHUHRMXOWWLIURP WKH VWRFKDVWL

UHWURY L UD@GGWKDW RlI SHRSOH RRQWKRXW 8 DRMSEZHEIWIDLQVW WKH &' FHOO FRX:
ZRXOG IDLO DQG QHHG VHFRQG OLDKLBK %57 HRNOG\NWIMD UW DOWRWKH IUHTXHQF\ RI
LQFRUSRUDWHG DYDLODEOH GDWDUWBXAHW W LAQHVW KW WD RR V WINJ HRIWD +DY HD DGROHVFI
WHVWLQJ UDQJH IURP "t RI WKBGHUW S8 HARKIG "QN WGOWRHEH WHVWHG DW OHDVW
$57 FRVWV DQG "t " Rl WKH VHNRPA W HGHRES B5RYMWHWQ WKHLU &' FRXQW LV JUH
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$OWKRXJIJK WKHVH RWKHU VWUDWHJLH
HEHFW RQ WUDQVPLVVLRQ PRUELGLW
LQ DIJUHHPHQW ZLWK SUMKHR XZR XNGX C
EH VX3FLHQW WR RJWGXYWHWKDQ DQGC
HSLGHPLF WRZDUGV HOLPLQDWLRQ
VKRZV WKDW WHVWLQJ DOO DGROHV
\HDUV ROG RQFH D \HDU RQ DYt}
LQGLYLGXDOV RQ $57 DV VRRQ DV WK
010 010 ZRXOG UHEX®PEHREZ DQG HYHQWXDOO\

— Mortality of HIV in people
not yet started on ART
Prevalence of people on ART
—— Mortality of people on ART
7KH PRGHO DOORZV IRU D KLJK OHYHC
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Figure 5: Time trends resulting from application of universal voluntary HIV testing and immediate ART PHGLD Q & FRX Q W ZKH Q L Q GLYLGXDC

strategy for people who test HIV positive, in combination with other adult prevention interventions that PXFK ORZHU WKDQ FIHHXOW SHUKR/Z
reduce incidence by 40% WKH GHWHUPLQLVWLF WUDQVPLVVLF
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+,9 LQFLGHQFH SUHYDOHQFH DQG P
FDVH SHU "YH WKRXVDQG DGROHVFHC(

&' FRXQW LV OHVV WKDQ FHOOV
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. prevention, are, and treatment E\ URXJKO\  EXW FRXOG JLYH D PXF

- —— 17% of the UNAIDS estimate of funds .
neededtoachigvguniversalaccessby LQ PRUWDOLW\ JXUH & VLQFH HYHL
2010 and sustain tto 2015 ZKR UHIXVH WUHDWPHQW FRXOG V\

Universal voluntary HIV testing and ,

64 immediate ART & FHOO FRXQW UHDFKHG WKLV OHYF
g ART when CD4+ count <350 cells per pL 7KH UDWH DW ZKLFK DGROHVFHQWYV
‘é‘. FRXOG LQFUHDVH WR DERXW ” S
8 "IJXUH ' WKH SUHYDOHQW QXPEHU |

2000 2010 2020 2030 2040 2050

Year VLQFH E\ PRVW LQIHFWHG SHRSOH

"JXUH 7TKH QXPEHU RI SHRSOH VW

Figure 6: Yearly cost of the two strategies compared with available and projected funding for HIV/AIDS for QXPEHU DOUHDG\ UHFHLYLQJ $57 FRX
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IHZHU SHRSOH FRXOG EH UHFHLYLQ.

FHO@/ SHU6RXWK $IULFD WKH DYWUDWHYDRNXNVRD WKIHQJ $57 ZKHQ &'

&' FRXQW LPPHGLDWHO\ DIWHU VHURFR®QW BHVYLRQ WUKWDHERXWRUWDOLMW

FHOQY SWRPRVW DGROHVFHQWY DRHGIR G XQRWNK ZRKWIBNHILHY XQWLO

QHHG WR VWDUW $57 DV VRRQ DV WKBWXYH SHW M RVHBRXIONEK IDOO UDSL

WR HQVXUWWNDKRD W FBORZ JLIXUH \WOWRWHKIRZWRIWKIMYYHUVDO YROXQWL
DGROHVFHQWY DQG DGXOWY DUH WHAVWEH®WR $PYHUDIKMHRQFH D \HDU

VWDUWLQJ $57 DW D &' FRXGWRXOIGH HHWIOPD®HG D VXEVWDQWLDO GL

UHGXFWMR5 VWDUWLQUW/DMRXO EHOHOXBHWUWDYHG EHWZHHQ WKH VWUDWH

WR DQG VWDUWLQIFRWOG BHORNHSHWCGWRWKY EHWZHHQ DQG F

6 e e ;e A™ « S PubIBHY¥dAlIne November 26,2008 DOI:10.1016/50140-6736(08)61697-9



Articles

PLOOLRQ ZLWKRXW $57 DERXWWUDPNIODLRW ZMVEHWB®HZLWKLQ 81%$,'6 SURMHFW
VWUDWHJI\ RI VWDUWLQJ $57 ZKHQ &' EERXQWQLQHHOMNGWHKYDHU\ \HDU IRU XQLYHUVD
FHOOV SHU >/ DQG * PLOOLRSUHYW®WNLRK WHHRU QI HDWPHQW LQ D 6RXW
VWUDWHJI\ RI XQLYHUVDO YROXQW VUW-XDWLHRWLQJ DQG QPPKIGE LR WHUP FRVWV F
$57 FRPELQHG ZLWK WKH &' MRRX WU \OBIRY DRRRQWY DV SURJUHVV WRZDUGV H
FHOOV SHU >/ VWUDWHJ\ 7KH PRREHYHG VWUDWHJI\ FRXOG
UHGXFH WKH QXPEHU RI +,9 GHDWKV XS WR
E\ FRPSDUHG ZLWK WKH VWUDWBstUsRibiv WDUWLQJ $57 ZKHQ
&' FRXQW LV OHVV WKDQ FHOGXHS Wb \oX OBVW X KIRRZK WIKLIPM XQLYHUVDO YROXQWD !
WKH PRUWDOLW\ FRXOG EH RQO\ RQFI$HU\HDIW R GO D OPROOH ROGHU WKDQ  \HD!I
UDWKHU WKDQ ” SHU \HDU DQG WIMYKRILPPHGLDWH $57 DIWHU GLDJQRVLV FRXOG E
YLIXUH VKRZV WKH WLPH WRBKDUHPEQDWIRQQ WWH WDWXUH Rl WKH HSLGHPLF
LPSOHPHQWDWLRQ RI WKH WKBRDOWQEDIL WYX WJIOKRHFRQVUVODQW SUHVVXUH RI QF
FRPELQDWLRQ ZLWK RWKHU DGXO®HRSB¥H G RURQ QLQM HRX-OBWVERBWHDVH UDSLGO\ D
7KH LPSOHPHQWDWLRQ VWDUW GPBRWD ®IEWKH SURIHWPHEQNM D FRQFHQWUDWHG H
DUELWUDU\ DQG WKH WLPH WR HGDRLQIDAXOPQ LS\R SHEDHIVY GRI@W URIPDLQLQJ DW ULVN
DFKLHYHPHQW Rl SURJUDPPH VFROMMURD ZRWHXG WEHWFK IURP PDNLQJ $57 DYDL
DVVXPSWLRQ RI DQ LPPHGLDWHSMROOUMW ZG W HIJUHDAWHXW®WOQHHG WR SURYLGLQJ
SURJUDPPH VFDOH XS E\ +,9 WHDQWFPHW VRRQVKRXGIGZKR DUH UHFHLYLQJ $57 7U
VZLWFK IURP WKH SUHVHQW HQGHPR¥OSKEMH HEX EKGFW P RRE OHYHOV DQG WKH HSL
SHRSOH OLYLQJ ZLWK +,9 ZRXOG QAWRE D UHVFHDEL QGQHFUHDWR WRZDUGV HOLPLQDW
WKH HOLPLQDWLRQ SKDVH LQ ZKLEKFRWW@REDGIEPRI ROHGLIHUL @R G GLH
$57 DW DURXQG %\ PRUWBOMMKRXQKSRREBH OBWYHQWLRQ LQWHUYHQWLRQ
UHFHLYLQJ $57 FRXOG KDYH |DORRRELWYRWLRROXVFERWOR BXENWDQWLDOO\ UHGXFH +
WKRXVDQG DGROHVFHQWY DQG DRSXWD \WR GS$IHOUVYHIDHVWQFWKWWHRQO\ XQLYHUVDO YF
HSLGHPLF LV LQ WKH HOLPLQDWWRYWKDIVEQ® KRAPHRFXDWRILQLWLDWLRQ RI $57 F
FRQWURO HSE§RUWYV FRXOG DOVR FKDQDIE YV PLMVRIURQ WR WKHI IRFEIXWYW DW ZKLFK HOLPLQ
FRXOG EH RQ HQVXULQJ WKDW +,bH VHIVBADLHD E\LV ZIRBHD\JBREBHDOLVHG HSLGHPLF V
DQG $57 LV LPPHGLDWHO\ DYDLOIDE GRXWKVBUWLFD WKHWH)QDO\VLY OHQGV VXSSR
FRXOG EH DQ LQFUHDVLQJ QHHG WRNHQBGXU H BMKDIVH \$ HDROEDOCH VAHAR VXJJHVWLQJ WKDW
DUH QRZ UHFHLYLQJ $57 DUH IXOORIDEREGYHQWL RWKXKDW $57L WWERURDFKHY FRXOG JUHE
WR VHFRQG OLQH WKHUDS\ LV SPRESWD MQE KBNIHH@WV VIEWDWMD QWLDO HSHFW RQ
VH[XDO SDUWQHUV LQ SDUWLFXODRQFRDGHPMZHYRUHRWKHHYVBXGEHY WKDW H[DPI
RI VHFRQGDU\ +,9 LQIHFWLRQV DQEDWKRW XSR$XOR Y MRKH EIDWHE RI SUHVHQW +,9 WH
GUXJ UHVLVWDQFH LV PRQLWRUH®QG FOLQLFDO HOLJLELOLW\ FULWHULD IRU $57 G
‘H XVHG WKH PRGHO WR FRPSDUH WHKGXF RALRWR IFONHEBH WKKHRYU H WAKALLDF.K FRXOG EH VHHQ
VWUDWHJI\ RI XQLYHUVDO YROXQW DK H+ V8 KHIRW\M WQF D Q &/ WRIDHAGH.DVRH XQLYHUVDO YRO
$57 DQGVWWKIMDWHJ\ Rl VWDUWLQJ $5Q Q@ KHP® HG L DAVRIX G&/7
LV OHVV WKDQ “FHOHOV SKUWLDOOKKMW RBLFRYWWNULFWLRQV LQ WKLY PRGHOOLQJ
WKH XQLYHUVDO YROXQWDU\ +,9 WWR/WHOE DRG RPPH & HWMWHY5GDWD HVSHFLDOO\ IR
VWUDWHJI\ LV JUHDWHVWuLQ WKI$S HIRVW R WKH. . QM HBYHQWERQ %HWWHU GDW
VWUDWHJI\ LV DOPRVW WKUHH WLWRKHM PREHSWEBEQOMKDQRBI XBWHNH Rl XQLYHUVDO
VWUDWHJI\ RI VWDUWLQJ $57 ZKHQN&'VWAERXNQWEKM QBVWFWKRRVQHVY RI SHRSOH UH
FHOOV SHRZKYHU DIWHU WRIBKHDHQFIFREWK®IYLRXU FKDQJH DIWHU VWDUWL
WKH VWUDWHJI\ RI XQLYHUVDO YROWG®WLIRI\HPMUIHOAHLRIUBYGYVWDQFH $OWKRXJK
LPPHGLDWH $57 IDOOV DQG LV OBMVYUWRDRL X\ FRVW LRI MKHUFLVH D IXO0 HFRQ
VWUDWHJI\ RI VWDUWLQJ $57 ZKHQRE'W KRR SR SRVBBVVWUIDMHI\ FRXOG IXUWKHU L
FHOOV BHWHYY $V WKH \HD X@\GHRMAMWAD QRL QUKRI WKH HFRQRPLF LPSOLFDWL
VWUDWHJI\ Rl XQLYHUVDO YROXQW DMK HRY MW IVRDL@ V QG WHRH GEHDYWUDO WULDOV DUH
$57 IDOO WKH NMRWUDW HRIV RVKWHW D UPDIQR JR$ 5W KHMHQ GDWD FRXOG EHFRPH DYDLODEOH
&' FRXQW LV OHVV WKDRRXO & HR@W BE@KYHWLFDO VWUDWHJI\ LV WHFKQLFDOO\ IHDVL
WR ULVH DV PRUH SHRSOH QHHG $%ZHZ RI WKH H[SHFWHG UDSLG HS8HFW RQ LQFLGF
7KH IXQGLQJ QHHGHG WR LPSOMRHOQW WRXOWKBIRGHMALVDWKH DVVXPSWLRQV LQ
VWUDWHJ\ IRU DQ HSLGHPLF RI 6 FFRWQK HUQLRDIQ SW\BHW.HDOUIDNSHFWVY RI LPSOHPH
SHDNV LQ DW " ELOOLRQVVWHWDWMEDU UDQJH
" ELOOLRQt ” ELOOLRQ $OWKRMXJIK WWKMKNGLGION VWU DMCHI®\ ZRXOG SRVH LPSOHP
FRVW Rl WKH WKHRUHWLFDO VW U P B D\OHVQK HYK HWW RRRQOWBK H BLUMIMHIW EH FRVWO'
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LOQWHQVLYH DQG GL2FXOWLHV FRWXGLBVLVG O0DRPZLGDRE HOVHZKHI
UHVLVWDQFH RU DGYHUVH HYHQW\G KHD-DQFHGW\R RS 5P7H ® IQRD WH. RK® Y HWQ R
ZRXOG EH QHFHVVDU\ WR SURYLGB GRHQUHY MH @ /X O/Gl FBH) B HDEPFFHWVG LQ V
WR +,9 UDSLG WHVW NLWV DQG LUVMGETLXBWDHMHQSDWLHROWG OXRIRUW D (
DQWLUHWURYLUDO GUXJV WR HQWURK LKEHE O6W KO VHRI DGKIHHWAQ FAHK D W
DQG WR PRQLWRU WKH SURJUDPWHRK DEDAPHMAVARQ HR/IS HFUWRD OHVLVWDQ\
ZKHQ PRVW SHRSOH ZLWK +,9 DUBHVWEHEWHG $537VS1LKHH WKH UDSLG
VHQVLWLYLW\ DQG VSHFL FLW\ RISQKHHSVBUHQROXEBWBUD WL R@RYWLQ.
+,9 WHVWV DUH QHDU DQG UHNRXOOG LD DVKLBR QFRIVIIQWLBPHRXQG KXP
SUHGLFWLYH YDOXH SDUWLFXODERW ZIDI$SG URISLHDMHN WHI MWL @UH HQ
XVHG WRJHWKHU DV SDUW RI D T¥ROPWQ EFWQ VDRSO DXSH D DU RIUR @/ K/K R X C
+RZHYHU WKH VFDOH XS RI +,9 WHWDQ WR GPLEHHR@W RURP UHGXH
SHRSOH PHDQV WKDW HYHQ D VPD®RRDOY HJSRDWWOLY IRKWZBIWHK F BXGY G U
OHDG WR PDQ\ SHRSOH EHLQJ IDORGXQVGCLDVQRWHWVGYIDQJ + BDQG WUHDV
SRVLWIBYRLODU WR +,9 WHVWLQJ H§® DWVRFWDSWHGE/ N QW JPDKDQYG FRXOG
WKHRUHWLFDO VWUDWHJ\ ZLOO UHQKLGHQ/MHE RW B Q 8V UBO CODWHGH Q ILHRIDV
WKH WHVWLQJ DOJRULWKP DQG WIKIDVD L WR P DVX KK DGR VI NH
EHKDYLRXUDO LPSOLFDWLRQV RI DDQDRLM. R KWKHWS BH YSHRBIORIQ SRWH
UHFHLYLQJ $57 RQ WKH FRPPXQLW\PSBH VODQWH@DQFNRRZP SOLFDWLRQ
DQG SDUWLFXODU DWWHQWLRQ ZRXWGGFRIYFH UMDR HEHV MWW HRY HURWKHKHO R G
VH[XDO SDUWQHUV RI SHRSOH RQWWHKDW RHCHD WHPWRMFL DO ®DYH WUHD W
DVVXPHG D PRGHUDWHO\ SDFHG WFR® HFRX WWKD R IUHQ FFKFHWLR@® ZLWK C
FRYHUDJH E\ DQG ZH XVHG UDMWSHQRL YBIL OXUHP UGIVX VD@ P WR
DQG UHWHQWLRQ WKDW KDYH EHHQQBERUHYRIG Q0 WSKIH QWL RR® O FD L
SURJUDPPH LQ,0DMOKHZLQWHUYHQWIL@Q DRAZERGRBHXSDQG PLGGOH LQF
PRUH VORZO\ RU VWDUWHG DW D ODQFH U B\DINGH WKROGRQUHDIFKPQUSHF W |
ZRXOG EH WKH VDPH EXW GHOD\HGRZHYHU DFFRUGLQJ WR 81%$,'6 HYH
8QLYHUVDO DFFHVV LPSOLHV XBLYHUEDWX W) RZOEEMKRRIW R1 WKH H
VHURVWDWXV EXW HYHQ ZLWKRXWLWBUWDD O+ OF FHVWWLQB O 0®aJ W UH
+,9 LQIHFWHG SHRSOH ZLOO HYHSHWRSDMOE\QHHG WBQ@FLRO® UHVRXUFH
FOLQLFDOO\ SURJUHVVLYH XOWLPDVDIQ\XIDWD G\LP P XIQUREH FLHOQHEDFKLQ
7KH TXHVWLRQ RI ZKHQ WR VWDUW\ WUHDWPHQW LV GRPLQDWLQJ
WKHUDSHXWLF GLVFXVVLRQV ZLWKQUHANMD® YOMOYWIRW HMOUWHNW L Q
LQLWLDWLRQ ,RI ELV FIRH WH(MWR BRRXIOFD®IQWDLO D VXEVWDQWLDO IU]
VWUDWBLYRIUVDO YROXQWDU\ +,9 WXO/QV IHFRD®® LLP PHELOWMHY LV EH\RQ
$57KDV VRPH SURJUDPPDWLF DGYBQWDRFIOWH ,BXWYRLEKDQRPHI WKH IXQ
RI WKH PDMRU RSHUDWLRQDO GL2FMKIOWHBVGHPIS7 KRXRIJSDROHRLQDU\ FR
LQ ZKLFK HYHU\ SDWLHQW QHHGV WRDEM WKWHWHY FBXQG HGIL YIXELNOL VQ W L
ZLWK &' FHOO FRXQWV DQG SRVWLEOYLQUYDEHWRBIBQ QRZ DQG
PHDVXUHPHQWY WR HVWDEOLVK 9 ZRHMAMILRQGH RXGG EH UHGXFH
LPPXQRORJLFDO RU FOLQLFDO WK PH\QORI®I®E OR{UDEPRRW IQ W R U 2\W DRIRVA KA O
WUHDWPHQW KDYH EHHQ DFKLHYHGR VA% ORHP HRDSWDHWPLHRIOWVR QS5 WKW QHZ L
VLPSOHU EDVHG VROHO\ RQ D SRWIWVYWHFBHWFHRX\WQ WKHQ VW PXWK OHVV
LQIHFWHG SHRSOH DUH ZHOO ZLSWKRMEEWMG ZIROOX GUHVHWYGI ®FFHVV
LPPXQH V\VWHPV DQG EHIRUH PD@WWUHROWPVMQW DUH ORVW WR
IROORZ KIS EHVW SRVVLEOH GUXJ2UHJRPRBEOLQYXMWKNWY WKDW PDVVLY
WKHRUHWLFDO VWUDWHJ\ VKRXOG RIOXSKDNUV H, W MPHB\OLEQW \Z LWRZLP P H C
WR[LF HS8HFWV DQG HDVH RI D GARMMHE FH DTUKCHUMWRLSO @V LEHQ VP LV VLR
HFRQRPLHV Rl VFDOH DOORZLQJ ®WH RDPRIUGDM[SR@VEKBVEXWLQ D KL
PRUH FRQYHQLHQW UHJLPHQV WKDIQVEU® XtVHGIRQV$IRILADHDMKLQJ
SUHVRIQMW VXSSO\ FKDLQ IRU GUXJ\FRERKXOIE EHQW ILWKRPOO SUHYHQWLR
WKH SUHGLFWDEOH VFDOH XS W K DWK IUH MISHW RIF K WMKRKIDEG Q R WWEGIL 9 H
DQG VHFRQG OLQH WKHUDS\ ZLWKR@WHKEKU PHNWIKREQ VRW ISUM YIHDHV LR Q  (
VLPSOH WR XVH 6LQFH LQFUHDVLEGRQXRPEWDW RR G R S/EHDOIOY VD NHKR C
ZLWK +,9 DFFHVV $57 WKH VXEWMWSQWVBHQ WDHNGXFHWVLRQUHQ QHHGHG \
PRUELGLW\ LV OLNHO\ WR UHGXF N KHKRIUBWULEHQ RKSWKBIFKHDDWWR GH
VIVWHP IUHHLQJ KXPDQ UHVRXUF ISV DQHQRMOLRIF DWG FRQWURO RI +,9 $,°
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:+2 7RZDUGV XQLYHUVDO DFFHVV VFDOLQJ@{%SMHBL&LW)LmQ&,gG WWRE-EXW HW IHDW DEXWH +,9
LOQWHUYHQWLRQV LQ WKH KHDOWK VHFWRU * %U}Qﬁa*\/\ﬁ@@ K[XDOQWHEVWQ VIPLVVLRQ RI +,9
2UJDQL]DWLRQ KWWS ZZZ ZKR LQW KLo: XEtWRZ UGVB
XQLYHUVDOBDFFHVVBUHSRUWB SGI DFFHYYH R¥ :DZHU 0- 6HZDQNDPER 1 HW DO 9LUDO ORDG DQC
81%,'6 UHSRUW RQ WKH JOREDO $,'6 HSLGHPLERIHIXDO WUDQVPLVVLRQ RI KXPDQ LPPXQRGH "FLHQF\
5HSRUW KWWS GDWD XQDLGV RUJ JORWwWOHW H SRR L 3RV BV XBHGBURX S

*OREDOUHSRIMFBING HIGS1R Y 342t
81%,'6 ([HFXWLYH VXPPDU\ UHSRUW RQ Wg#QAQRi%OOl%\AﬁLRQDo +,9 DQG V\SKLOLVY DQWHQDWDO VHUR
HSLGHPLF *HQHYD 81%,'6 KWWS GDWDRX@PH\GVQ 6RXWK $IULFD 3UHWRULD 'LUHFWRUDWH +HDO
RUJ SXE *OREDO5HSRUW -& B*5 B ([HFXghWMHHAXP DIHBHDUFK &RRUGLQDWLRQ DQG (SLGHPLRORJ\
HQ SBFFHVVHG 1RY Z2ZZ GRK J®FFBVVHG 1RY

$FKLHYHPHQWYV LQ SXEOLF KHDOWK SHGXFWILRG LQ SHYERPWBARVRXUFHY UHTXLUHG WR DFKLHYH XQLYH
WUDQVPLVVLRQ RI +,9 LQIHFWLRQU8BQLWHGWWPWH\UHYHQWLRQ WUHDWPHQW FDUH DQG VXSSRUW *HQF
00:5 ORUE ORNWD®H S 55: t 81%,'6 KWWS GDWD XQDLGV RUJ SXE 5HSRUW B
%XQQHOO 5 OHUPLQ - 'H &RFN .0 +,9 SUHYBHQWRRIFIBUUDH BHQ SGI DFFHVVHG 1RY

WKUHDWHQHG FRQWLQHQW LPSOHPIEQWLQ)J SRV L Vel SeeH ¥ B @YY kR RWADERBIHY IRU SDWLHQWYV RQ

-$08$ 296: t DQWLUHWURYLUDO WKHUDS\ ZKR DUH qORVW WR IROORZ XSr L
:+2 (VVHQWLDO SUHYHQWLRQ DQG FDUH LQWX®O HRWLB GV DB R @YOWY DQG

DGROHVFHQWYV OLYLQJ ZLWK +,9 LQ UHVRXU R ®WRLWH& p/dVOWMLRIY DFRHEBOHPHQWDWLRQ RI UDSLG +,9 "

‘RUOG +HDOWK 2UJDQL]DWLRQ KWWwWs érZLKBHIQ@ K&Y S LB s® V RXQVBBMHWR Y LUXVHV
SUHYBFDUH 206B(33B$))BHQ SGI DFFHVVHG 5! ¢
:+2 *XLGDQFH RQ 3URYLGHU ,QLWLDWHG + 9U7LHJ\<\0(/L§JJ @\QQL JHU -6 5DSLG WHVWLQJ VWUDWHJILHV IRU +,
&RXQVHOLQJ LQ +HDOWK )DFLOLWLHV *HQH\YQURF&;Lm@ KLJK SUHHPDOBIQWH GHBLFDQ VHWWLQJIV
2UJDQL]DWLRQ KWWS ZKTOLEGRF ZKR LQJ¥. sto FD WL v

BHQJ SGI DFFHVVHG 1RY QRQ\PR BRXWKHUQ $IULFDQ &OLQLFLDQV 6RFLHW\ JXLGHC
*LONV &) &URZOH\ 6 (NSLQL 5 HW DO 7KHpbHavp¥RHW '?UQ@(WFWWHKJBSU L G, DIDKBEBW V
DSSURDFK WR DQWLUHWURYLUDO WUHDWPH% LDQ]\H‘?% V¥ XoEDRLRO $QWLUHWURYLUDO $59 3ULFH /LVW
UHVRXUFH OLP LDVHRH Vi368y W LLIQ I V Z7Z FOLOWRQIRXQGDWLRQ RUJ GRZQORDG "JXLG H ¢

-DKQ $ )OR\G 6 &UDPSLQ $& HW DO 3RSXODd\H_RQEq:_H_|YH HSH FWER| FFEHVVHG 1RY

RQ DGXOW PRUWDOLW\ DQG HDUO\ HYLGHQFH R YHYHAPYBG\P JLW PWHRWHTCEEWDRY0L QI WKH ZHE RI $59 s
RI DQWLUHWURYLUDCDWRHWDIS\ LQ 0DODZL UHGXFWLRQV GHF LQV 6DQV JURQWLAUHV UHSRUW KWV
9HODVFR +HUQDQGH] -; *HUVKHQJRUQ +% %QREZ#"FLHQS/ \Fg O XVHUBXSORDG GLVHDVHV KLY DLGV

H
ZLGHVSUHDG XVH RI FRPELQDWLRQMHD @WLUHWHMRYbYB KRB\ H‘EU@ LIBBEWHSBKRUL]JRQWDO SGI DFFHVVH
HSLGHPDBWHW ,QIHEW 'LV 1RY
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3(3)$5 7KH SRZHU RI SDUWQHUVKLSY WKH 3DBHWQMQWPV:RREWBIHEEQVWHLQ 0& HW DO ¢
SODQ IRU $,'6 5SHOLHI 7KLUG $QQXDO 5HSRUWQMR ERW VRV YD @2AWKHUDS\ LQ 6RXWK $IULFD
WKH *OREDO $,'6 &RRUGLQDWRU UHSRUW VXKW WD OZRE I9%S D U

JRY GRFXPHQWYV RUJDQIDPMHMMHG 1RIGI +DOOHWW 7% *DUQHWW *3 OXSDPEHUL\L = *I
&RKHQ - +,9%,'6 7KH JUHBWLHK@RH. QJ VXUJHMSEHFWLYHQHVYV LQ FRPPXQLW\ UDQGRPL]HG W
321t QW - (SLGHFLROD

*UD\ 5+ /L ; :DZHU 0- HW DO 6WRFKDVWLF ¥Y¥RORGDWLRR RKMWKH 2P SDEWHWW *3 $SSURS
RI DQWLUHWURYLUDO WKHUDS\ DQGQ,9 YDFBUGINY RQLRQ WQUWRYVPHQWIRQV IURP H[SHULF
5DNDL 8BQ@®@GD 17: t LPSOHPHQBMDWURQVP ,@IHFWSSD t

$EX 5DGGDG /- /RQJLQL ,0 -U 1R +,9 VWDJH #IMJ BRIR 0@ D QW WQDAWILYL FKHUDS\ ZKHQ WR V
WKH +,9 HSLGHPLF LQ V3E®GDKIRUDQt$SIULFD - ,QIHFW '9¥ VXS56 t

1DVK ' /RQJ WHUP &' UHVSRQVH WR SRWHQWROPEBBRGI BDOGDIOB )- -U /LFKWHQVWHLQ
SDWLHQWY LQ VHYHUDO ORZ LQFRPH FRXQWIRILHMD BQOH W H QWHD B/'\R&EQVW) RQ HHEFWQLNFWLRQ
WK &RQIHUHQFH RQ 5HWURYLUXVHV DQG 2®SRUWXQLVWLF ,QIHFWLRQV

&52, %RVWRQ 86$ SEVWUDFW KWWe§U LEHAZKRI 0: 'DELV ) O\HU / HW DO (DUO\ OF
UHWURFRQIHUHQFH RUJ SEVWUDFWYV FOMPL HRAVF Y \RUH S RMRN QW DQWLUHWURYLUDO Wi

ORZHU LQFRP HAFRX QRUUQGE WHDO88K 2tUJDQ

%HQQHWW '( 0O\DWW 0 %HUWDJQROLR 6 6XVWRRHIENNNG (7 HONMVERIQ % &KXUFK\DUG *- 'H &
5HFRPPHQGDWLRQV IRU VXUYHLOODQFH RI WODWQMP EWMEUDH . $3160UKB RSSRUWXQLWLHV Fk

UHVLVWDQFH LQ FRXQWULHV VFDOLQJ XS D@WPURWRHERWY LY R W Y GERWEBHRWHDWPHQW
$QWLYLU 7TIBRHUXSSOt
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Can antiretroviral therapy eliminate HIV transmission? w
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Treating our way out of the HIV pandemic: could we,

would we, should we?
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Supporting on-line information

Universal HIV Testing with Immediate Antiretroviral Therapy as a Strategy for
Eliminating HIV Transmission

Granich RM, Gilks CF, Dye C, De Cock KM, Williams BG

Initial distribution of CD4™" cell counts

The initial distribution of CD# cell counts, shown in Figure 1, is taken from a random
sample of young adult men in Orange Farm, Gauteng, South Affige.fitted curve is log-
normal with a median at 1118/ and a standard deviation of 0.303.
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Figure 1. The observed distribution of CD4ells in HIV-negative
men in South Africa.
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Figure 2. The Weibull survival curve used in the model based on data
from the CASCADE studg.
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Survival distribution

The models are not age structured. We therefore assume that survival follows a Weibull
distributior? with a median of 11.0 years and a shape parameter df &2#lustrated in
Figure 2.

Stochastic model for estimating R,

Variation in infectivity with time

For a person with a given survival time, we allow the infectivity to vary with time as
illustrated in Figure 3. We consider three phases which we will call acute, chronic and final.
The infectivity can be varied in each of three phases as indicated by thedléttelis Figure

3, and the duration of the acute and final phaseshe varied as indicated by the letttesd

e in Figure 3.
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Figure 3. Schematic diagram of the change in infectivity with time in a person who

survives for ten years. There is an initial acute phase with high infectivity, a chronic

phase when the infectivity is lower andfimal phase when the infectivity increases

again. The infectivity during each of the three phasés)(ean be varied, as can the

duration of the acute and final phases (d and e).

The parameter values in Figure 3 are not known precisely. In a study in Uganda the HIV
transmission probability per coital act was measured directly between discordant°@ouples
and the transmission probability during the firge months after infection and the last three
years before death was compared to the transmission probability during the chronic phase.
Two other studies used the same dataobtained slightly different raté$.in a study in the
USA viral load in plasma and in semen was measured as a function of time since infection
with HIV and the transmission rates during the acute and final phases were compared to the
rates during the chronic phase among men who have sex witf mea.study in San
Francisco, USA, the transmission probabilities from men with known dates of sero-
conversion to their female paers were compared 20 and 54 days after sero-convétsion.
The results of these studies are given in Figure 4. For our base-line calculations we assume
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that the acute phase lasts for two months dusihigh time the probability of transmission is
ten times greater than during the chronic phase and that the final phase lasts for 10% of the
survival time (1.1 years when survival is eleven years) and during this time the probability of
transmission is five times greater than it is during the chronic phase.

We adjust the chronic phase infeitfivto give the appropriate value &f, the mean
number of secondary infectiotigat arise from one primary infection, per year. The infectivity
in the acute and chronic phases is then calculated as described above.

100 + I

Infectivity ratio

i f--

1

Acute/chronic stage  Final/chronic stage

Figure 4. Estimates of the ratio of the infectivity per sexual contact in
the acute and final phases to the chronic phase. Red, blue and green
points are three different analyses using data from Rakai, U§dnda,
the brown points give the values used in this paper, the pink point is
for transmission to the female partners of men with known dates of
sero-conversion in the United Stafeand the orange points are for
receptive anal intercourse irsaudy of men in San Francisto.

Partners and concurrency

For the baseline calculations the number of concurrent partners is four and the mean duration
of partnerships is six months so that pedpd®e an average of eight partners per year. At
each time step any one of the current partners may be changed with a probability calculated to
give the preset mean duration of a partnership.

Model structure

The model runs as follows. L&(C) be the log-normal distribution of initial CD4cell
counts;P(S) be the Weibull survival distributiop(a), p(c) andp(f) be the probabilities, per
unit time step, that the index case infects ang partner during the acute, chronic or final
phase of infection, respectively(:) andp(h) be the probabilities, per unit time step, that the
index case changes any one partnas tested for HIV, respectively.
1 Choose a starting CD4 cell count randomly frB¢@).
2 Choose a survival time randomly frapgs).
3 During each step:

1.3 Check if the person is in the acute, chronic or final phase of infection;

2.3 Infect another person with probabilipfa), p(c) or p(f) depending on the phase of

infection;
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3.3 Change one or more partners, each with probability;
4.3 Test the person for HIV with probabilip(#);
3.4.1 |If the person is, or has previously been, tested (and is, by definition, HIV-
positive) check the persons CD4 cell count.
3.4.1.1 If it is below the CD4 threshold Stop
3.4.1.2 If it is above the CD4 threshold increase time, calculate a new CD4
count# 3.
3.4.2 If the person has not been tested check if the CD4 cell count is greater than
zero.
3.4.2.1 If the CD4 cell count is less than or equal to zer&top
3.4.2.2 If the CD4 count is greater than zero increase time, calculate new CD4
count# 3.

Illustration of the model

The baseline parameter values are given in€fablThe model, which runs in Excel using
Visual Basic, is available from the senior author on request. The model runs with a time step
of one month. At each time step other people may be infected, any of the partners may be
changed, and the index case may be testeldIfrEach of these Poisson processes happens
with a fixed probability chosen so that the mean rate of infection, duration of partnerships or
rate of testing match the values definedhmy parameters in Table 1 and the initial C24ll

count and the survival are chosen from thstributions specified. Random numbers are
generated using a Mersenne-Twistor’

Model output

The output of the model is illustrated in Figure 5 to Figure 7. Figure 5 shows the distribution
of the number of secondary cases which ranges from 0 to 25 with a mean of 7.4. Figure 6
shows the distribution of the tim& between the primary infection and each secondary
infection. The mean value @& is 7.54 years but note that many more people are infected
during the acute phase in months 1 and 2 than in any other month although the acute phase
infections are still only 8.9% of all infections. The chronic phase infectivity was chosen to
give a doubling time oRj of 7.4 and a mean time to each secondary infection of 7.54 years
so that the epidemic doubling time&g' $/QR0" 1¢( 1.2 years, close to the observed value

for South Africa® (see Figure 4B in the main text). Figure 7 provides a check that, if ART is
not provided, the stochastic model produces the preset Weibull survival distribution.
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Table 1. Parameter values for the log-ndrthstribution of the initial CD4 cell count
(Figure 1); the Weibull survival (Figure 2); the chronic phase is defined in terms of the
number of people who are infected each year (on average); the acute phase which is a
step function with a defined mean duration and the infectivity set relative to that in the
chronic phase; the final phase which is a step function with a preset infectivity and
duration set to a fixed proportion of the survival in a particular run; the number of
concurrent partners in a given simulation is fixed as is the mean duration of each
partnership. Infection is a Poisson process as is the probability of changing any partner
with rates set to match the preset mean values. The CD4 count at which ART begins, if
the person has been tested is fixed. Tast row sets the number of Monte Carlo
repeats.

Parameter definition Value Dimensions
Initial CD4 Mu 6.98 Log normal location parameter
Sigma 0.34 Log-normal shape parameter
Survival Median 10.0 Years
Shape 2.25 Dimensionless
Acute phase Duration 2 Integer months
Infectivity 4,50 Numberl/year
Chronic phase Infectivity 0.45 Numberlyear
Final phase Infectivity 2.25 Numberlyear
Duration 0.15 Proportion of expected life
Concurrency Number 4 Number
Partnership Duration 6 Months
Start ART CD4 0 /micro-litre
Proportion tested Rate 0 lyear
Monte Carlo Repeats 10,000 Number
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Figure 5. The frequency distribution of the number of secondary cases

generated by one primary case. The mean number of secondary cases
is 7.4.
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Figure 6. The frequency distribution of the time between the infection

of the index case and the infection of each secondary case.

Transmission is highest during the first two months but only
contributes 8.9% of all secondary infections.
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Figure 7. The frequency distribution of the time to death from the
simulation (blue dots) compared to the distribution obtained from the
Weibull curve if no one is started on ART, as confirmation of the
model.
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Figure 8. Proportion of the variance in the average valugyaxplained by the variation in

each parameter. Considering the individual terms, 80% of the variance is explained by the
chronic and final phase parameters and 11% by the concurrency number, the partnership
duration and the acute phase parameters. Considering the interaction terms 5.7% of the variance
is explained by the chronic and final phaseap#eters and 1.5% by the concurrency number,

the partnership duration and the acute phase parameters.

Sensitivity analysis

In order to explore the sensitivity of the estimated value®ydb the various parameters in

the model we ran one thousand simulations with the base line set of parameters from which
we calculatedry and the intrinsic doubling tim&. We repeated this ten thousand times and

on each repeat each parameter was kept the same or multiplied or divided by 2 with equal
probability. The ten thousand results were then importedSiate and a multivariate analysis

of variance was done with IR§) as the dependent variable and the full set of parameters as
the independent variables (Figure 7). (A similar analysis was done f®); Inésults not
shown).

We examined the role of the high levels of infectivity during the acute phase when
people have several concurrent partners because the dynamic model, with which we explore
trends in prevalence, incidence and mortalityvasapproach the elimination phase of HIV,
does not include a separate acute phase. Thesanaf-variance (Figur®@) shows that the
tems in the model involving the chronic phase and the final phase account for 80% of the
variance (86% including their interactiong)he terms involving concurrency, partnership
duration and the acute phase account fo% 14f the variance (13% including their
interactions). The model output is therefore relatively insensitive to the acute phase
parameters as compared to the chronic phase parameters for similar proportional changes in
the parameters.
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Table 2. The coefficients of the regression oR{)(and In(&) against the various
independent variables. The table gives the constant term, the regression coefficients
and the change iRg or &) if the parameter is doubled or halved from the based line
values given in Table 1. The standard d#&wns of the estimates of each co-efficient
(arising from the Monte Carlo simulation) are all less than 0.002. The base-line
value ofRg is €-058( 7.84 and of%)is &-073( 1.08 yrs.

Variable Coeff.Rg) * Rg(%) Coeff. §g) * % (%)
Constant 2.058 + 0.073 +
Chronic phase infectivity 0.303 35 "0.420 " 34
Final phase infectivity 0.226 25 "0.160 "15
Final phase duration 0.192 21 "0.152 "14
Concurrency number 0.108 11 "0.134 "10
Duration of partnerships "0.082 "8 "0.117 "8
Acute phase infectivity 0.063 6 "0.109 "13
Acute phase duration 0.054 6 0.073 "11

Table 2 shows the proportional chang&gwhen each of the parameters is increased
by a factor of two. The value & is about two to three times less sensitive to changes in the
parameters defining the number and duration ahpaships and about four to five times less
sensitive to changes in the parameters defining the acute phase than it is to the parameters
defining the chronic and final stages of infection. If we were to eliminate the acute phase from
the model, by setting the infectivity during this phase and during the chronic phase to be the
same, we would have to reduce the acute phasdiuif by a factor of ten. To maintain the
value ofRj, we would need to balance this ten-fold reduction in the relative infectivity of the
acute phase by the increasing chronic-phase infectivity by a factor of 1.6. These results show
that the overall level of transmission is dominated by the chronic and, to a lesser extent, the
final phase, rather than by the acute phase. In a subsequent publication we intend to explore in
more detail the affect of each of the parameters in the model to transmission.

We carried out a similar analysis to explore the sensitivity of the doubling time to each
of the parameters. The results, also giireTable 2, are similar to those ®g except that the
result is less sensitive to the final phase infectivity and more sensitive to the acute phase
infectivity, as one would expect given the long time scale over which the latter is effective
and the short time scale over which the former is effective.

Summary

The stochastic model suggests that the ltesdepend mainly on the overall level of
transmission rather than transmission duting acute phase or the number of concurrent
partners. In essence, if each HIV-positivespe infects one person every one to two years,
on average, then even allowing for a ten-fold increase in infectivity during the acute phase
they will only infect one person every one to two months during the acute phase no matter
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how many concurrent partners they haverttiermore, if the acute phase was mainly
responsible for driving the epidemic then the doubling time would be of the order of months,
not years.

Dynamical model to assess impact of interventions

The dynamical model is illustrated and described in Figure 3 in the main text. Here we
discuss the assumptions underlying the structure of the model and give details of the
estimation of some of the parameters.

Survival on and off ART

The model has four infected classes so that the survival is a gamma-funcligdf - A
Weibull function with shape parameter 2.25 and mean survival equal to 11 years has a median
survival of 10.6 years. The best fit gamma-function fias 2.8 years so that people move
between classes at a ratg.01% ( 0.36/year-’ If people are tested and found to be positive
they move to the equivalent ART stage, at a thtand continue to progress from there
(Figure 2 in the main text). If people are non-compliant they move back from the ART boxes
to the equivalent non-ART boxes at a rate

The survival on ART after being found to be HIV-positive in each of the four
compartments is important to the model but difficult to determine precisely. A recentpaper
suggests that survival on HAART is about 6 to 8 years if people start when they are
symptomatic and their CD4ell count is less than 10®/, and about 15 to 18 years if people
start HAART when they are asymptomatic and their CE&ll count is > 3501L. Here we let
3 ( 2$%. Since the mean survival time without AiSTeleven years the mean duration in each
of the four compartments for infectedopée is 2.8 years. Since the mean CB4ll count in
Figure 1 is 1179/L and there is an initial decline of 25% immediately after
seroconversioi®™® the mean CD# cell count in each of the compartments is 74/
553/ L, 332/ L and 111YL. When HIV-positive people are started on treatment they move
from one of the four compartmensto the corresponding compartmeiit The average life-
expectancies of people who are detected in sigted, and who start ART immediately, are
therefore 21, 18, 15 and 12 years, respectively.

Adherence to ART

The conditions for eliminating HIV are sensitive to the level of adherence. We stop
transmission by putting everyone who is HIVsjiive on ART so that there are a very large
number of people living on ART and if a alinproportion of them stop taking their drugs
they will contribute a significant numbef infectious cases to the population.

Field data under programme conditions arailable from Malawi (A.J. Harries, person
communication). Here we use the resultstied Malawi cohort analyses that have been
reported for each quarter for the last two years. In these analyses reports were made 6, 12, 18,
24 and 36 months after people started ART (although not all of these time periods were
reported in each report). Irmeh quarter we start with the number of people who started
treatment the appropriate number of months earlier which ranges from three thousand to
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thirteen thousand, the total number of reporisll the cohorts combined being 163 thousand.
The possible outcomes were: Alive and on ARTansferred out; Dead; Lost to follow up;
and Stopped treatment.

In the quarterly reports for Malawi 19% of those who started treatment were
Otransferred out® and, in the reports, are presumed to be still alive. Here, we remove them
from the numerator and denominator which is equivalent to assuming, more conservatively,
that their outcomes are the same as the outcomes for those who remain in the cohort. A
substantial proportion of people die, 16% oftatdse that started treatment, in part because
most people in Malawi start ART with fairly advanced infections. Those who die reduce the
total number of people who are on ART so that leaving them out of the model makes the
model more conservative. However, in all of the cohorts 11% of people were lost to follow up
and 0.7% stopped treatment and we need taléachat proportion of people who were lost
to follow up also stopped treatment; they mayehdied or they may have started treatment
elsewhere.

Table 3. Cohort analyses from the ART programme in Malawi. For each quarter the table
gives the number of months before that quarter when people started ART. It then gives the
number of people who started treatment angtbportion of these that were lost to follow-

up the appropriate number of months later.

2007 Q4 2007 Q3 2007 Q2 2007 Q1 2006 Q4 2006 Q3 2006 Q2

Start. Lost Start. Lost Start. Lost Start. Lost Start. Lost Start. Lost Start. Lost
Mnth. (k) (%) (k) (%) () () (k) () K ) (K () K (%)

6 11.8 86 11.0 84 98 73 83 79 7.1 99
12 112 116 11.0 100 9.7 86 80 109 7.1 130 71 9.2 46 8.6
18 6.6 11.5 6.7 10.7 4.7 10.6 4.0 10.1 25 116

o4 6.8 141 6.6 109 45 109 3.9 13.1 26 13.7
36 19 16.6 2.0 13.4

The data in Table 3 are plotted in FigureT@e fitted line is an off-set exponential of
the form:

Lty (57%" 5 B &% 1

It is difficult to be certain about the rate of loss in the first six months but the fit in Figure 9
suggests that the initial loss to follow-up is about 7%. After the initial drop-out the loss to
follow-up is 2.9% per year falling to 2.2% per year after three years. A recent study in
Malawi?® traced 737 who had transferred out and found that 92% of them had transferred in
to another programme with a median delay of 1.3 months. If these numbers apply broadly
then the loss to follow up, after the first six months, is about 0.2% per year. To this we need to
add the 0.7% per year who are known to have stopped treatment. The initial drop-out rate
from ART, excluding those that die, may be agas 8% and the subsequent drop-out rate is
likely to be between 1% and 3% per yearréH&ve assume a long-term drop out rate
(excluding deaths) of 1.5% per year.
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Figure 9. Cumulative loss to follow-up for the Malawi cohort
(Anthony Harries, personal communication). Dots are data from
particular cohorts. Orange diamonds give average values with 95%
error bars. The solid line is an off-set exponential (Equation 1) with
5(7.2,6.( 43.1,4( 8.1/yr.

Transmission on ART

We need to consider the residual transraissvhen people are on ART. We assume people
are either completely compliant with their treatment or, if they fail, they return to the
untreated state. While people who are fully compliant with respect to their drugs are unlikely
to infect others, there may be some residual transmission. A recent study of the reduction in
viral load” suggests that there is a two-log declineitial load over the first twenty days after
starting ART treatment and a further two- to four-log decline over the next 150 days after
starting treatment. The reduction seems to be the same for those starting treatment relatively
early, with a median CD4cell count of 444/L, as it is for those starting late, with a median
CD4t cell count of 13/L. However, adherence is important and there is viral rebound among
those who do not fully comply with their treatment.

Data on the relationship between viral load and transmission are limited. However, a
study in Uganda suggests that transmission declines as the viral load to the powérsof 0.4
that that reducing viral load by betweerf Hhd 1@ times would reduce transmission to
between 0.4% and 2.5% of its value when peapenot on ART. Direct data are also limited
and the few published studies generally involvepte in the late stages of infection or on
mono-therapy>* In a study of discordant couples in Ugafideansmission was reduced to
2% (0.05%11%) of it pre-ART level. Here we assa for our base-line calculations that
ART reduces transmission to 1% of the value when people are not on treatment. The extent of
residual transmission among people who are o BRf great importancand this is subject
to a sensitivity analysis in Figure 10g (below).
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Rate of spread of programme coverage

We assume that coverage increases lagi$ti as shown in Figure 10. In 2007 UNAIDS
estimates were that about 5% of all those living with HIV were on ART (250k out of 5.3M).
We also assume that coverage reaches 50% in 2011 and that it reaches 95% in 2016.

1.0 1
0.8 -
0.6 -
0.4 -

0.2

Proportion of total

0.0 +—— —
2000 2010 2020

Number of secondary cases

Figure 10. The coverage or extent of the intervention as a function of
time. We assume that at full coverage 90% of the population is
reached.

Comparison with other control methods

We compare the impact of the proposed strategy with the impact of other methods of reducing
transmission which might include partner reduction, condom use, treatment of curable
sexually transmitted infections, male circumcision and so on.

Figure 11 shows the impact on the epidemic if transmission is reduced by 20%, 40%,
80% and 95%. If transmission is reduced by 4884r the next ten years this will only reduce
the incidence in 2030 to 1.2% per year (Figure)1TB achieve a reduction equivalent to that
of the proposed strategy (Figure 4A in the maixt) would need a reduction in transmission
of 95% over the next ten years (Figure 11D).

Sensitivity analysis
It is important to examine the sensitivity of tlesults to the various parameters in the model.
Since we are concerned mainly with the conditions under which we can eliminate

transmission we focus the sensitivity analysis on the effect that varying the model parameter
has on the incidence, prevalence and mortality among people not on ART in 2030.
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Figure 11. The impact of interventions that reduce transmission on the prevalence (red), incidence
(green) and mortality (black) of HIV in South Africa. The reduction in transmission follows the curve
shown in Figure 10 and the final reduction is A 20%, B 40%, C 80% and D 95%. The 95% reduction in
transmission shown in D is the reduction neettednatch the impact of the proposed strategy on
incidence in 2030 as shown in Figure 4A of the main text.

Figure 12 shows a univariate sensitivity gsa in which the parameter values are
varied about their default values given in Table 4. We plot the prevalence, incidence and
mortality among those that are not on ART in 2030 against each parameter. Among adults, at
the default values, the prevalence is 0.10%, the incidence is 0.042% per year, and the
mortality is 0.002% per year as indicated by the large dots in Figure 12.

Figure 12A shows that the impact is insensitive to the rate at which the intervention is
implemented bearing in mind that we assuna the intervention reaches halfway at the
same year so that if it takes longer it also starts earlier. Starting the intervention later would
simply delay the impact.

Figure 12B shows that if we also ensure that people with lowt@e# counts are
identified and started on ART, then we reduce mortality by a further factor of ten but have
little additional impact on incidence or prevalence, as expected on the basis of the Monte
Carlo model.

Figure 12C shows that the results are very sensitive to the average testing interval. To
keep the incidence of new infection below 0.1% per year we need to ensure that people are
tested at least once a year, on average.

Figure 12D shows that the results are insensitive to the proportion refusing treatment
essentially because they do not start ART and do not contribute to the build up of people on
ART whose breakdown leads to the residual trassion in 2030. Once the elimination phase
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has been reached there are few new incident cases and the refusal rate does not have a major
impact on transmission.

Table 4. Base-line parametalues. The demographicansmission, progression,
drop-out and testing rates refer to the parameters in Figure 3 of the main text. The
intervention parameters define the logistic curve which gives the rate at which the
interventions are rolled out. OTesting refusal® gives the proportion of people who
refuse testing so that the actual testing raté(i8' 8). The OD4 failure rateQ

gives the proportion of people who, havingen tested at a low CD4 cell count,

fail treatment and die. The parameter f@%& interventionsO gives the reduction

in transmission due to condom use, wétar change or any other complementary
intervention. We assume that these are rolled out following the same logistic
curve defined in the table.

Parameter Value Units
Birth rate 6 0.029 /yr
Background mortality rate 0.018 /yr
Transmission parameter Initial val@e 0.767 lyr
Location5 0.055 0
Shape: 0.996 O
Relative transmission on ART 0.010
Progression Untreated 0.303 /yr
Treated? 0.165 /yr
Intervention Timing 2011 yr
Rater 1.00 /yr
Maximumm 0.90
Testing Rate$ 1.00 /yr
Refusalg 0.08
Drop-out 2 0.015 /yr
CD4 On/Off Off
Failure rate< 0.10 /yr
Other interventions Reduction in transmissibn 0.40
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Figure 12E shows that the results are sensitive to the rate at which people drop-out of
the ART programme and return to an infectious state. To ensure that the incidence is less than
0.1% per year in 2030 fewer than 5% of people should drop-out of the ART programme each
year. The reason for this is that when the elimination phase has been reached there are very
many HIV-positive people living on ART and if only a small percentage of them drop-out this
has a big impact on transmission.

Figure 12F shows that while other complementary interventions have an impact on
prevalence and incidence they have much less impact on mortality as this depends on people
who are already infected progressingléath over a period of ten years.

Finally, Figure 12G shows that incidenaedgprevalence are sensitive to the relative
infectiousness of people on ART compared to those not on ART. To keep the incidence of
new infections below 0.1% per year the inf@esness of those on ART should be less than
5% of that of those not on ART.

Summary

The key parameters are the testing rate, the dubpate and the relative infectiousness of
people on and off ART. If the intention is to ensure that there is less than one new infection
per thousand people per year in the eliminapbase, then we need to test people at least
once a year on average, ensure that the drop-out rate from ART is less than 5% per year and
ensure that the viral-load suppression is sigfit to the infectiousss of those on ART to

less than 5% of that of people not on ART.
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AIDS RESEARCH

Treat Everyone Now? A ‘Radical’ Model to Stop HIV's Spread

Confronted with the lackluster success ologistical dilemmas. And, Garnett contends;.7 million people who badly needed the

HIV prevention efforts, researchers areliminating the epidemic is too ambitious alrugs were not receiving them. Poor coun-
increasingly pushing treatment itself as a wagoal. But even if the strategy didnOt reach #lies also typically use ARV regimens that are
to slow the spread of the AIDS epidemic. Thefected people, it might have a big impact obelow the standards of those available in
reasoning: Antiretroviral (ARV) drugs lower spread, he says. OItOs not an idea to dismissxaaithy countries, which means toxicity and

the amount of HIV in infected people, likelyof hand, but itOs really challenging,O saglsug resistance remain serious issues for
making them less able to transmit the virusGarnett. OThieancetpaper throws down the much of the world. In these countries, there
Now the World Health Organization (WHO)gauntlet to think about it.O are still staggering shortages of funds and
has published a provocative model that Other research groups received littlérained people to test and treat. (Estimates
explores the possibility of OeliminatingO thattentionNor outright derisionNwhen they suggest that by 2015, it will cost at least

HIV epidemic by annually testing everyonepublished similar models a few years agdb41 billion annually to treat the 13.7 million
on a voluntary basis and treating all infecteut now, ARVs are less toxic and cheapedIV-infected people who then will have

people, regardless of their clinical status.
WHO HIV/AIDS Director Kevin De Cock, 14
who co-authored the study that appeare|
online 26 November iThe Lancetsays,
OWhat we hope to do is stimulate discussior -
And that they have.

Testing and treatment on that scale woul
far surpass anything done today, but the pa
offs could be huge, the authors say. Accordir
to their model, each untreated infected persd
infects seven others before dying. The stu \\
compares the impact of thwarting new infec: =
tions when people start treatment at vario
stages of immune decline, and it assumes th
treatment reduces a personOs infectivity [

R\

fewer than 200 CD4+s; wealthy
countries currently donate
some $10 billion.)

De Cock and his co-
authors did a preliminary cost
analysis for South Africa that
showed by 2015, the country
would have to spend three
times as much on testing and
treatment as it does today. But
because of declining infection
rates, costs would then begin a
steady decline.

HIV/AIDS researcher Julio
Montaner of the University of

99%. Most poor countries can afford to treg™
only the people most in need, which is define

British Columbia, Vancou-
ver, Canada, says he got Ocru-

== No intervention

as anyone who has fewer than 200 CD4 2.0 ART when CDA+ count <350 cells per L cifiedO when he published a
white blood cells, the critical immune war- —— Universal voluntary HIV testing similar paper inThe Lancet
riors that HIV targets and destroys. 154 and immediate ART in 2006 and is OdelightedO to
As an example, the study focuses o see that WHOOs OfancierO
South Africa, which has an adult prevalenc 1.0 model supports his own. The

of 17% and offers treatment at the higher cu
off, common in wealthy countries, of 350
CD4+s. At that point, the study calculates, a
HIV+ person has infected three others. But 0
treatment started shortly after people becan 1980
infected, the model suggests, on average, the

person would infect less than. one pQrSOA“ together now. Although ARVs still fail to reach many people in coun-
each, and the severe South African epidemiges such as Myanmar (top), a model based on South Africa (bottom
would die out in 14 years (see graph). OIf Waows that immediate treatment of the entire HIV-infected population
really put our mind to it, we can do thingscould stop the epidemic there. earliest possible point does not
people previously didnOt think were possible,0 lead to toxicities and drug
says De Cock, noting that 3 million people ithan ever, making the idea more realistiaesistance that offset the long-term benefits.
poor countries now receive ARVs that oncé&till, many question whether it could beOHow would you like it if | say, OYou donOt
were deemed impossibly expensive for thenpulled off. Today, an estimated 80% of thejualify for treatment, but | want to treat you so
Geoffrey Garnett, an epidemiologist ainfected people in sub-Saharan Africa do ngiou donOt expose anyone else?0 O
Imperial College London, St. MaryOs, coknow their HIV status, and itOs not simply a De Cock says he would like researchers to
authored an accompanying editorial thaquestion of access to tests: In the Unitelhunch small-scale trials of voluntary testing
called the strategy Oextremely radicalO fStates, where testing is widely available, thand immediate treatment to assess the impact
pushing public health over individual beneCenters for Disease Control and Preventioon infected individuals and see whether it
fits: It remains unclear that early treatmensays about 25% of infected people ardecreases the spread of HIV in populations,
delays disease and death, and it couldnaware they are infected. Although theas the model predicts. WHO, he says, plans
increase the risk of drug resistance developrorld has made much progress in deliveringp hold a meeting early next year to discuss
ing. It also raises other ethical, financial, andRVs to poor countries, at the end of 2007the strategy in more depth. BJON COHEN

key to the strategy, he con-
tends, is cost: In the long run, it
saves money. OFront-loading
the investment on ARVs is a
very wise investment, evenin a
time of financial crisis,O says
Montaner. But he agrees that
more data are needed to prove
that starting treatment at the
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