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3. fit HIV-1 ZBAIDIIK & EJIFRR OB - & BE

vE =

= SRR FERT T A Mgt > & — BBy — 7

HIV-1BHIE W 1980 FAMBUCBERMEEOMTIENY, 20OBEFIIEEIILAL, SHER
(213 4000 W ADRERE D B LM SN TV B, HIV/AIDS OSEAAEEOE S 1985 £ zidovudine
DEFHIEE 5. DS H £ CH HIV-1 EAIBMSRBENI TR TB Y, FRITEREI 752

17 FEFEOH HIV-1 EF DRI S hER S hTw b,

ZZTHEHBLHIV-1 EBHOBERE, GEEQHIK

M, ZLTESBROREZICOWTHEICE Lo THT,

Lo

HIV/AIDS O ZEHVEE O FEHIE 1985 £ D zidovudine &
BEHIHEE AV, LS H ¥ O HIV-1 3550 B 5 2R Ay
KITORTEBY, PR LTEBES 2 5 2 17 BEOH HIV-
1EFBEWSHFEH I TWE (B1). BRI
HIV-1 RO T b IGREREOERIRA S & LCEEL
DX 1995 £EXKO T F 7 - EHEROERTH2 2, s
TT—EHEXOBERIZLY, Bk HIV-1 OFBESEY
& L7365 2 4B b 7o 2 H) B Rl AN E He iy 72 R =
ELTEREND X2k o7, BEOP HIV 3% % {4
BHELT LT, BYEENO HIV-1 858 % 37 12 3
SRR T LRI L7221 Th <, Bi0EH ORE I
LBEWER) A 7 OB & FEHTHHE ) 2 7 0T 4
bETER L. SHEHABREOEINRIIEEER IS
WAL AIDS B EBAE L KT L2 & osyeE
5TV,

LZHIGFFFEEDORINC & ) HIV/AIDS XA L5
DEBDOBACEREL 2SR LS. LA LAasoMERE
POBRESTDHEEIEL, FLAYUBETREBHEIBINAT
Wh, FTEELIOIEEBREOYETH L. mbEy
FHIA OB AER ORIFIC & A IRERH O BA T BYE D

AR
T 208-0011 WIEHEEFLITERE4 -7 -1
TEL : 042-561-0771
FAX : 042-561-7746
E-mail : wsugiura@nih.go.jp

AELEOL L, 7Fe75 2L QOL oM E S
5, ZFLTT7NET TV ADWEZLBIRD = & 12 h55 R
TittE HIV O MBI b E—EEH B e E2 o b, KkicE
B 2 LAFEHMME HIV-1 BAERIORIE TH 5. G
FOFEL FRICEHW M OBEESS 55, BAEDEXIL
F—2 9 2ADHFE TORIMMAE L7z, EEITH
TR LBZOEROBIRBEIIAEOREFoTLEY. =
DR FEHITHE B OBF NI ORI Ot R & %5
Xz LB WHEIVETHY, ZORENYEIALTHS.
P HIV-1 EHIOTIRE SR DBRICOWTEH 7 5 22
FEDHTHI.

Bt HIV EFIORK &3 - R

(1) RTILFA L P RYUEEBERES (Nucleoside
Analogue Reversetranscriptase Inhibitor : NRTI)
BRMCERLS N HIV-IEH 2 52 ThH Y, (a)
zidovudine (AZT), (b) didanosine (ddI), (c) zalcitabine
(ddC), (d) lamivudine (3TC), (e) stavudine (d4T),
(f) abacavir (ABC) # LT (g) tenofovir (TDF) D&Ef
TTREAOEHFBTENRTVE L), Znr 520
#H3 nucleoside # MM L 72 DTH Y, HERE2 AL L
TRNONEY S DNAKROBOXE L %5 2 -
Deoxyribose3 2> OH #AKIBL T 5 (R 2). PHEARE
GHRENT 3 ) Y ERE M S S NEBEEOBRIIARD 2'-
deoxynucleotide-5"-triphosphate 4% b 1= DNA (25 b 3k
IND T LIZLBMRIEDEIL (chain termination) T&
5. NRTLBZHIGERABEOR L 2 2 BEL BN OXK
ATHDHH, SHIGEAMRELRNC S BEAS L ik 2 5k
ELTHWOHNRTE 000 NRTI % 588 L 76 a8
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%E - MABEEH
Enfuvirtide

CCREFRE #I
TAK-652

XY LF T FRUEEEHEEA
Zidovudine (AZT)
Didanosine (ddi)
Zalcitabine (ddC)
Lamivudine (3TC)
Stavudine (d4T)
Tenofovir (TDF)

ER Y LY FRYEERREER
Efavirenz (EFV)
Nevirapine (NVP)
Delavirdine

AK602/0N04128/GW873140%
Maraviroc, UK427857%

(VAW A 554K H1F,

JoF7—HEEH

Saquinavir (SQV)
Ritonavir (RTV)
Indinavir (1DV)
Nelfinavir (NFV)
Amprenavir (APY)
Lopinavir (LPV)
Atazanavir (ATV)

(7-20)

IS RIS
-

p=Y oo PA-457
P el
d N ot e
//' 1', HAHRAH RIS ‘\\ o FIFRRL
_________________________________ ’ /\/\/D—D\/\/‘ ‘
1
1T 55— LB \ N @;\/@
Diketo acid derivative AN / A3

L-708, 906
L-731, 988

__________

%

RLREEH]

L-870, 810«

5CITEP

S-1360%
V-165

1 HIV—1 OFEEY A 7 EH HIV-1 EFOERK

* BREBRATHOATINS - fThh =255

ERMCTHENIZ Ky 7 ANOFEFIBIFER IR TV B b0, B THEINLK Yy 7 ANOERIREMBETOLDOTH 5,

ZHED LN T VD, FHIZ AZT I ER 2 HEE L TV A
BIOEHEIRL L, TOL) BERZHIET 5 -0 IR
HOEAIFERBEIRD LN TEL, FOBRKIZBENT
2004 422380 S 72 TDF 134> NRTI & —# % )9 5548
o THY, HEShAHETHS. TDF I 2~
Deoxyribose %% acyclic nucleoside phosphonate (ANP) I21&
Ban/-EErRo (H2-(g). ANPHESE R/ A
W ARIOBESIEES L <, 1980 EAEITIE T Tl EB
XY A HEMREIHER SN TS O, 2B I olEr
FoEBILE Y% O Herpes virus 3 & U retrovirus
R L TORRERT 2 EHES &N W, B[R
9-[2-phosphonylmethoxypropyl]adenine (PMPA) &
retrovirus & hepadnavirus (VB4 2108 E L TRIE X
N7z %12 PMPA I3 SIV % F\27 in vitro SEERCHENIH
ERRARILL DB W TIEEF R RS LIRS L
BAE DR THY, PMPA ITEWEORINE OO F AL
SNBFCICREEMIBELENT, ZO%K, BOBRINEE KR
¥ L /27 Tk 57 bis (isopropyloxycarbonyloxymethyl) -
PMPA (bis[POC}-PMPA) #»5EEiL, 7HHD NRTI & L
TEHLTEZ (B2-(h)™1), TDF 1213 o> NRTI & £
% BRD & %> Twa . @O nucleotidase & 5 \»
it esterase 2k D SN2 Y, EFEACBVWTER

-

W geaE Lo iR & MRS 5 2 LTI RE L 2 o 72 18,
@ NRTI L B2 58 FE CHBRANICEYAENS.
Dipyridamole THIFEPI ) AADHE I N LW &2 5,
TDF {3 nucleoside carrier pathway & 3£ 55DV — b T
A A END EHRENE 1920 @F Tz »
Bl ot G sn/-HEL LTEBY (TDFIZERICI
nucleotide analogue T& 4 ), ffiod NRTI T3 35558
HOBREE Lo TWEERADOY YBILEIEE AF vy 7T
20 YBRONGLZTTHEEEZET A LFHEL. @
SHIZVoARY AT N/ TDF i3 AZT IFHEROERT
ELTHSNT WD excision DIEM L D122 & A
L3N TWAE, ZHUE TDRE 28 AZT I L I3 LI
VT EFRFERLTWA M, ®EGIZHHBERI L
TDF CiFE S 1AM EA R K65R 13 AZT W2 R T215Y
LRI BRI H B Z L BEE SR TWE P,
DI &M H TDF I first line D#FH| & LT TR <,
AZT THAEEREFR O VY = — VEEOEIDALE LTHH
FENTWE,

-

(2) EXT7LF Y FREHESEFEMES (Non-Nucleoside
Reverse Transcriptase Inhibitor : NNRTI)
NNRTI b 2 D&M RT LB ) EmEEREHET 5 E
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(a) o by o
CHy N
HN | HN 1 \>
NP
o] N N
HO—@ HO‘@
‘/ A
/ .
(%)
Zidovudine (ZDV) Didanosine (ddl)
3'-azido-2',3'- 2',3"-dideoxyinosine

dideoxythymidine

87
(c) NH, (d) NH,
A
HO
0 HO—L

‘g 7 ) \

S

Zalcitabine Lamivudine (3TC)
2',3'-dideoxycytidine (-)-2',3-dideoxy-2"-thiacytidine

" Y

(e) o ) normal nucleoside /5/%3 ® NH
HN Ha (ex. deoxythymidine) HN 1 HN/E[N\
ﬁ A I

o N

o N
HO Ho o
o o
FAW A
kv I/OH &\_,
Stavudine (d4T) —/‘\ hydroxy residue necessary i
for DNA elongation Abacavir
2',3'-didehydro-2',3'- (ABC)
dideoxythymidine NH, NH,
® ) () i
= =
g8 TS
Y N Xy N
‘ e R
\ P >\ )J\ /\ /o
e NH
o <P \/ \/
Tenofovir (TDF) &, \[( cn, Tenofovir disoproxyl fumarate

[R]-9-(2-phosphonylmethoxyoropyl) adenine

Bis(POC) -PMPA

2 RI7LFY FRUGEEEFAER

HTHDH., B (a) nevirapine (NVP), (b) efavirenz
(EFV), (c) delavirdine (DLV) @ 3 SEH[A W & LA
ENTWDLAH, bAETIH efavirenz DTEE TN T fE
&N T2 B2 NNRTI Of#E % A5 & EICEEL /-
NRTI & 3@ £ a2HE4 LTBY (K3), #EEHE
ORERFE D RS (R > TWwWa. NNRTI & E RS
DIEEFCEREEIZHA L, BREETLTH S Aspllo,
Aspl83 & Aspl85 OfViERTHL L, O TAREYNHTIE
LB AESETLED D). BEFHINT
WAREFROMLEWIEHEX TR Y B> TWAED, &
ALAZRECIRELLTBY, B3Rt LT L) 2k
K2 E 2N TwE D, A LLBRIENLTwA L
&, BEFFO 3 FEAMORZXIHENE L W &2 ERL T
5. 20320 NNRTLIZZD#EAHAPORE RO
DDF A TIHTHZ LD KA . D tight-binding
inhibitor | FEHIDP RTIIHETH LN WEHTHY,

efavirenz 78 Z OFIRNIZE%249 4. Tight-binding inhibitor
&, HIVORBEFHICHWLRERNE LTOFERTLZ L
MHET s T3 2 @ rapid -equilibrium inhibitor | ZE#|

AR RTICREALTEBY, RT LHEHADHEL TS
BB AR > TW A O HIV-1 R 52 21 5
5, BEEE L CIER L WK TdH B, nevirapine &
delavirdine 2D ¥ A T2 5.

NNRTI b MBI 2 MBS Th T 5 4%, BEfFE
EORAMMMExFIRET AT LRI LEETH S, NNRTI
BHEATHER LSS, BACEEMETEET 572010
ﬁmén%Wtémi%ﬁ@ﬁw%%t%ﬁénfwt#,
EBIIHERHINL L Tk b E, RomdpEi s KEE
NREESREFEEL, 7077 —YHEAIMDY 5 5
SHRIRAREORE L 22T 5,

(3) 7OF77 —tREEH (Protease Inhibitor © PI)
Tu7 7 —EHEAL 195 FERICEH L TPL4HET
12 (a) sagquinavir (SQV) , (b) ritonavir (RTV) , (c)
indinavir (IDV) , (d) nelfinavir (NFV) , (e) amprenavir
(APV) , (f) lopinavir (LPV) # LT (g) atazanavir
(ATV) O 7THEEI;RT SWER S hTn5p 250 (R4).
BACESE L3207 u s 7 —YIHER SQV, RTV,
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83 (VAR #55% %1%,

(a) (b) (c)
HyC Wy T“ﬁ HiC CHy
N S0,
G WA o
. —

(] S N P N N

A

H

Delavirdine (DLV)
U-90152

Efavirenz (EFV)
DMP 266

Nevirapine (NVP)
BI-RG-587

3 XV LAY FREGETRREMAES

Hydroxyethylamine isosteres % Symmetrical inhibitor %

(a)

(b)
AP

Ritonavir (RTV)

o A
IO PSS J
HN N \A‘/\NH
0 E OH
K) e

Saquinavir (SQV)

EYAVM‘

Lopinavir (LPV) N
Indinavir (IDV) I
S
(d) )
oH ’ o OH o
HO NM\E/\/N Ha‘?o)]\NH NH\;/k/N\NH NHW/OCHJ
°© / =} / o
Phs oh
Nelfinavir (NFV) Atazanavir (ATV)
(e)

o (k
@ NH\/\/N\S NH
s} o

Amprenavir (APV)

4 FOF7—HEEN

IDV i #h 2N R L FHRERE ) S A S %), SQV WMICTEZWIEZIBHLAEODTHD Y, ThizxtL<

{3 phenilalanine-proline % #{i L 7= hydroxyethylamine
isosteres HE % ORI TH A, Thid Gag pl7-p24, Pol
p6*-protease, proease-RT ] D YIETEBIZ KL 5 Tyrtyrosine/
Phenilalanine-Proline %4 HIV-1 79 57 7 — BIZERD
T, WHABHOT AN T4 v s 7as7—E¥TI3E#E - 4

IDV FHERIFEREDOFEB L % o702, FH LTX/\7—;4 w2
TAFT7T—ETHHL = KT AEA AR THL. L
:‘/Kﬂiﬁuf'aﬁ%f“bizmmﬁﬁHﬁﬁﬁu&ﬂ%%%Kﬁiﬁu
DEREL72AHY, HIV-1 7057 7 —¥I2BWTh R

DEHTHD Gag 5’//\7@@3&5@5%%*ﬁfﬁﬁtf_m{:}%ﬁ’
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(a)
o) (@]
diketo acid moiety! |
(©
F
(e)

(d)

89

®

$-1360

NO,
OH OH
N ’ ANV
/M/ & ‘
HS N 0 N SH
V-165

5 HEFTEREIhTWE AL FI5—FIAEHBE

By EiFshns:. %0k R hydroxyethylamine isosteres ¥
EEFLEY IDV AR SN2 2ok 5121995
ERP L 196 FIPT TRF LT T 7 —EHEH D
H SQV & IDV @ 2 L& WIS TR 2 5 TWv/zi b
PAb 59, Wi b hydroxyethylamine isosteres i1
O OMEEMICENHF LI LIHERENZETH B,
ZHUTH LT RTV iZH A ERT B o Ta 57
—YiEER O ORE  TICEET S R ESTH B, S
77— Y OREEEET S SI-SUAEME AL L TR
HEE%E L o TWB I L s, YMFE RS PP ML+
BEMIAHIC 2 B & 9 BRI OBE SO, Th
Do 7a77—EHERMEIKIMTSQV - IDV D
hydroxyethylamine isosteres & & RTV @ symmetrical

inhibitor RO DT AZ EWTE S, O 3IF D
BBLURE, il 777 —-YHERORREIZIROEHVE
ORI, @FVIREEY, vy v 7 EaR, =
L TORI D 2 WEHE T 7 7 1 LhRoO 5N 5
L% o7z, 1997 FIZ B L7z NFV X SQV & C 4l
P53t ds R LR b OFAITH S, SQV L DEVEN
KUOWEE NS L2 ETHY, THICE D EORIX
MOYFIZEI L. T Tor7 —PHEEX L IR
%5 NFV ICHE O HZE D30ON & N88D #5842 2
&7 o723 APV % ¥ 7= hydroxyethylamine isostere
% FARHE & 12D hydroxyethylamine isosteres 35 o 3
HICd 5. 1999 410 BT & 17 2 C AR IR |2 B2
BhHN,HFEDHEHSI 0o 7295 2004 4F127% ) ORI
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% o X472 pro-drug @ fosamprenavir AYEEN] S L7z,
Fosamprenaivr (3% L 12 3 W alkaline phosphatase
& D APV IZEBR S TRINE N2 3. LPV id RTV 2578
kﬁofﬁbﬁéht%ﬁfﬁé FASSICY /2 o TIE RTV
DTHHERTH 5 82 FOEEFR L MM RIS
7o, FOERLPV IR 2 HEER £ FEET, THEE
BOEBHFMME LA T 522 — 7 ZEARE T2 7
FTANEFESTWE O, BRER L TELOMFATV Th
h, AL RTV, LPV E#kIC P1-PLOxFE* &5HIC
R INLERTH 5. ATV ITREEN ROV 2 R
L, MAoFEALHILEENT L6 —H—RBIORADT
RLEHTHDL., FEMMEHIV-IOTT T 7 4V HEE
T@ PI Li3EL D, MENGHFICERM L 22EF T I50L 28
100% OME TERO BNz, I50L 13 ATV I L ERT
B0, MOPLIH L TIFREEE LW LAFHLNATY
5, F21~2HOPLIT L 2 EE L2 A NVAT
HIE+5 ATV OREVFEIFFE N 4142,

SHRESHPRAENHHLVESN

HEFHAINTWAEINOBENTH A HEREREEL 7
FT—BUHADTANAE R BHDLVEBEOL LTS
— 2B L ERE S EB T TS, M 1R
L7249 I HIV-1 BEER O TOR T v 70D
By h b, 2o TdERLITEWTRERICOW
THHLIZER T
(1) BIEREEH

HIV-1 envelope @ gp4l %2/ L 7z T-20 (enfuvirtide)
PRETRBTEATH S BY, Z OB gpdl
leucine zipper like domain T# 4 heptad repeat 2 (HR2)
DCE3 7 I /BEFEHERORTF FThHN, HR2D
HETHSHRLISHEET LI LICE D VA VAR FLfEF
MEOBAELHET L, WAETRELZET I TN
EHTHEH., T20@XRTF FOLOREEEIHS 2\
L, BilichHs I, FLORBERTRENETHLZE
BEOERZWHITTNA
@) 1775 —EHEEH (H5)

A7 77— EHEERR, Tur 7 -z HIV-1
DOWNE - HRICHWHOBEETH Y, FEFABOFELREN
EEINERLREMTOILCEL., BEL DA -2
FHfTh - CiRAICHIV-1 4 7 77— BILERN L
L&Y & L THE S /-0 2 diketo acid &S b 2{LE
WTdH b (B5(a)). Diketo acid i3 R Al 2 BERIHMEIC
WEOMZTOXL— e LT Z L itk YRGS
KESEDLEZEZLNTYA D, 2000 HICHE SNz L
708,906 & L-731,988 O =Dt L HIV-1 SR &2 2 L7248
BRIEBRICE TICIRES =d o7 (B 5-(b) (). 20
%, diketo HEZT IO S1360BBH L, 2D 7 5 ATIIW
O TERRRERICF THEED -2, ZOBEMRIZIZE-

(VAL 8565 HlF,

Tz (B5-(e))*”. S-1360 D, L-870,810 ASHRMR &
BRI Ao Tw5 (R5(d)%. Diketo acid 2 13 R% 5 ¥
4704 77T —¥HER L L Tt pyrano dipyrimidine
(V-165) ##EshTwad (B5(0)Y. 22 124, &
IR E CRET A4 v 77T — CHERERHIL &Y
ZRTWA, O LIFEARBLLIIA VT II—ED
B L R~ OB 0, (LEYWORERH /-4
BEICANDDOHLEZEEZRMLTWAEDTHA), W
BkA 779 —BHEAMNELH LTSI EARWIZEH
REINARRTHS.

(3) ¥EHI1> Lt T2 —HEH (CXCR4 FHEEI, CCR5
REEH)

HIV-1 O % V87 5 5 VIEBETIR R <, FEMaor
EHAL LTI - U BATHE, CXCRL H 5
ViE CCRG M L2 b OFERINTWS, HIEES
H1 ) CCR5 LEH 1213 TAK-652, AK602/0N04128/
GW873140 7 ¥4%% 5. CCRS FHEXNIIBEEE ST bR
TV B4 SRR OF T, Kb ERIIGEWEAT
&)Z} 50, 51).

(4) RRFABREH

2003 4£12 PA-457 £\~ 5 HIV-1 FEEN % B4 5 3507
WmESN, FOEHERTIES T THRHEMTDRTE N
THhOZFAZBETCEESHEVHLVDIDTHE. EF
SR X AT, AWM MELEEOHRBRET»S Gag @
CA-pl DEEBEBIZHE L, 7077 =YL X Bk
RMHET B L E 2 5 TWh, BUE Phasel/II BiRSERAS
fThhTwa %,

% W

FEHEFEENC BT B S HIP AL OB HIV BGAE 12
“BMBEE" WO HMNESEZAI LR LL
HIV/AIDS 2SHEI0% Hitd T B F 8 1 E CII AR A~
DT 7AW DI, WEDRICEARBEETH A,
HRREEESHE L ED CTE -3 by SO R L LT
FERAELEICO P HIV-IER S ER Lo0oH 50, F12F
PHREELAICIEE> Tnhwn, ZZTHERRTELLIIC
PUHIV-1 FEARNIERITESRE L Twa, K5z, &1
M, X hR&R, FLTIYRMAEEE B LEH
RS 5N TV, Z0BRE L EEHEE T Tkl
CRBELEOBREE L L HP AV DTH A,

X B
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Progress in antiretroviral drugs

Wataru Sugiura

AIDS Research Center, National Institue of Infectious Diseaseas
E-mail; wsugiura@nih.go.jp

HIV-1, causative agent of acquired immunodeficiency syndrome, was identified in the early 1980s . The
plague quickly spread throughout the world and today 40 million people are living with HIV/AIDS.
The first anti-HIV drug "zidovudine", was discovered in 1985, and many other inhibitory compounds have
been developed successfully in the last decade. Today, three classes 17 antiretroviral drugs are
available in Japan. This article overviews the history of anti-HIV drug discovery, present HIV-1
treatment, and on-going drug discovery.
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TLTIT»HMEN2-H b, H2D Little H & #H3 D i3, JER 7 LA v FRNGERERIEESEE Ve T —
Simon EOHBTH b, CD2 >OHFEERICKIF23E  CIHERIE TREZTRE &SR E TIT - oA
TSRS & ZURBOERA LR L TG 2< 0 BHRRE—HLTLIDIHLT, X7 L4 v FRUILE

R 1 HAEC S 5 ERIMHEIC & 2 HRURIMER O Wi

prevalence
Author and Group country year test N ref
Total NRTI NNRTI PI
Novak RM
1 Terry Berin Community Programs for cli- us 1999-2001 Genotyping n=491 11.6% 7.8% 3.0% 0.7% 10

nical Research on AIDS_058 study team

Little SJ 1995-1998 Genotyping n=213 8.0% 8.5% 1.7% 09% 4
5 Richmann DD USA Phenotyping n=264 3.4% 2.3% 1.9% 0.4%
1699-2000 Genotyping n=88 22.7% 15.9% 7.3% 10.2%
Phenotyping n=114 12.4% 8.5% 7.1% 8.0%
Simon V & Markowitz M 19952001 Genotyping n=76 13.2% 11.8% 2.6% 1.3% 9
3 USA Phenotyping n=60 10.0% 8.3% 3.0% 1.7%
1999-2001 Genotyping n=78 19.7% 14.5% 6.6% 5.1%
Phenotyping n=74 10.8% 2.7% 8.1% 5.4%
4 Wegn‘er. S USA 1997-1998 Genotypi.ng n=95 22.1% 4.0% 15.0% 10.0% 6
US military Phenotyping n=91 29.7% 8.0% 26.0% 1.0%
5 Weinstock HS USA  1997-2001 Genotyping n—=1082 8.3% 6.4% 1.7% 1.9% 12
H GI
6 D?:ni T UsA 1999  Genotyping n=88 18.0% 14.0% 5.0% 2.0% 11
qila
Boden D
g coden® USA 1999  Genotyping n=80 16.3% 12.5% 17.5% 3.8% 14
Markowiz M
8 Alexander CS Canada  1997-1998 Genotyping n=479 6.3% ----- 3.4% ----- 3.8% 2
Al der CS Canad
g rerancer A% 19961998 Genotyping n=57 19.2% 14.0% 7.0% 1.9% 3
Vancouver
10 Routy JP Canada  1997-2000 Genotyping n=127 13.0% 11.0% 2.4% 5.5% 15
Montreal 2001-2003 Genotyping n=53 4.0% 0.0% 1.9% 1.9%
Salomon H Genotyping n=156 NR* ----- 22.0% ----- 12.0% 18
11 i R Canada 1997-1999 .
Quebec Primary Infection Study Genotyping n=21** NR- ----- 24.0% ----- 24.0%

UK collaborative G Monitori
12 colfaborative Lroup on MOMIOTNE ;¢ 19942000 Genotyping n=69 14.5% 11.6% 4.3% 1.4% 5

the transmission of HIV Drug Resistance

13 Descamps D . . France 1998 Genotyping  n—391 3.7% 3.3% 0.8% 1.9% 8
ANRS antiretroviral Resistance Study (51.1%) (49.2%)
14 Chaix ML France 1999-2000 Genotyping n=249 10.0% 8.0% 4.0% 6.0% 7
15 Duwe Germany  1996-1999  Genotyping NR ----- 9.0% ----- 5.0% 16
16 Romano L Ttaly 1996-2000 Genotyping n=116 12.9% 12.9% 0.0% 0.9% 13
17 Martinz-Picado Spain 2004 Genotyping n—=182 3.8% 2.2% .1% 0.5% 20
18 Maljkovic 1 Sweden 1998-2001 Genotyping n=100 9.0% 7.0% 5.0% 1.0% 21
19 Jorgensen LB Denmark 2000 Genotyping NR ----- 2.0% ----- 0.0% 19
20 Ammoranond P Australia  1992-2001 Genotyping NR ----- 9.0% ----- 0.0% 17

*NR : Not reported
** : IVDU data
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To obtain more detailed information about the dynamics
and evolution of HIV in infected individuals, we have devel-
oped 3 assays to detect and quantitate virus and analyze its

genetic makeup ([¥] 6). The first of these, the single copy
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assay (SCA) allows us to detect and accurately quantitate 1
copy of HIV RNA. In routine use, we can measure as little as
0.3 copies of HIV RNA (or 0.15 virions) per ml of patient
plasma. The second assay is use of allele-specific PCR (ASP)
to detect specific point mutations such as K103N in HIV RT,
which confers resistance to NNRTIs. Using ASP, we can
detect and quantitate mutations at this codon (AAA to AAT
or AAC) comprising less than 0.1% of the total virus popula-
tion. The third assay is single-genome sequencing (SGS), in
which multiple single cDNA molecules derived from reverse
transcription of plasma virus are amplified over a region
extending from the p6 region of gag through most of RT, and
sequenced in bulk. This approach allows us to obtain a
snapshot of the genetic diversity within the virus population in
a single patient at any point in time, with minimal assay based
error, and essentially no artifacts due to resampling or assay-
based recombination. We have used these assays to study the
virus in both naive and drug-treated patients, with the follow-
ing results.

1. Inalarge set of patients with levels of plasma virus that
are “undetectable” by standard assays, we find that about 2/
3 of them have viremia in the range of 1-20 copies of RNA
per ml, with an average around 5 copies/ml. These levels are

stable over periods of a year or more ([X}7), and are likely to

E)HERY T IATBOAZTITLI TS

be the source of rebound viremia observed in all patients
following interruption of therapy. We do not yet know
whether this virus is the result of ongoing low-level replication
or is derived from cells infected before initiation of therapy,
although preliminary results are consistent with the latter
possibility.

2. In individuals who have been infected for long periods
of time and remained untreated, the virus has diversified to
about 1-2% in the gag-pol region, as determined by SGS (]
8). This diversity is remarkably stable so that samples taken
years apart can not be distinguished by phylogenetic analysis.
Similarly, virus populations retain their diversity through a
100-fold decline in viremia following initiation of therapy.
Samples taken soon after infection, by contrast, are usually
almost perfectly monomorphic, exhibiting levels of diversity
indistinguishable from background up to 70 days after infec-
tion. Thus, we can conclude that infection is usually effective-
ly clonal, and the virus population is large and subject to
strong purifying selection leading to gradual diversification up
to a point where the population is both highly diverse and
stably so, although later populations gradually become distin-
guishable from earlier ones (by subtle statistical tests), there
are no significant bottlenccks or episodes of obvious selective

sweeps over long periods of time.
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