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Introduction

Drug resistance is the inevitable consequence of incomplete suppression of HIV replication. The
rapid replication rate of HIV and its inherent genetic variation have led to the identification of many HIV
variants that exhibit altered drug susceptibility. The growing number of drug resistance mutations listed
in this revised table stands as a testimony to the genetic flexibility of HIV. This table, updated in March
2003, lists 647 HIV-1 mutation/drug combinations, of which 179 occur in protease, 1 in integrase, 305
in RT, and 139 in Env. Although the tables are quite comprehensive, the reader should be reminded
that the mutations described are predominantly found in clade B virus and not in other HIV genotypes.
The revised table also includes drug resistance mutations that have been identified for SIV and FIV.

In the table the phrase “Enzyme resist” refers to inhibition assays done just with a mutated enzyme.
Instead of introducing the mutations into a virus and testing the susceptibility of the mutant virus to
a drug, researchers introduce the mutation(s) into the enzyme and determine their effect by running
enzyme activity assays. This type of susceptibility testing does not take into account changes in other
viral proteins (like Gag) that would also help confer resistance, which is the reason for distinguishing
enzyme resistance from whole virus resistance. In the “Amino Acid Change” column a + means amino
acids have been inserted into the sequence, whileiadicates a deletion. In the “Class of Drug”
column the abbreviation MN stands for “Multiple Nucleoside” and refers to resistance to combinations
of nucleoside RTIs. Other abbreviations used in the table are listed in a separate Abbreviations Table
on page 158.

All of the information contained in these printed tables and other useful tools are available at our
Web site:http://resdb.lanl.gov/Resist _DB
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Abbreviations used in tables 2
[}

Amino acids Drug class >

A alanine F/BI Fusion/Binding Inhibitor o

C cysteine Il Integrase Inhibitor

D aspartate MN Multiple Nucleoside

E glutamate NRTI Nucleoside Reverse Transcriptase Inhibitor

F phenyalanine NNRTI HIV-1 Specific Nonnucleoside RT Inhibitor

G glycine Pl Protease Inhibitor

H histidine PARTI Pyrophosphate Analogue RTI

I isoleucine SIV RTI SIV Nucleoside RTI

K lysine

L leucine

M methionine

N asparagine

P proline

Q glutamine

R arginine

S serine

T threonine

Y valine

W tryptophan

Y tyrosine

Compounds
Other Names Chemical Name

Compound (Company) or Description

1737 Tetrahydronapthalene lignan derivative

(-)-dOTC BCH-10652 (-)-2deoxy-3-oxa-4-thiocytidine

(-)-dOTFC (-)-2-deoxy-3-oxa-4-thio-5-fluorocytidine

(-)-FTC Emtricitabine, (-)-(2R,59)-5-fluoro-1-[2-(hydroxymethyl)-1,3-oxathiolan-5-
Coviracil (Triangle yl]cytosine
Pharmaceuticals)

(+)-dOTC (+)-2-deoxy-3-oxa-4-thiocytidine

(+)-dOTFC (+)-2-deoxy-3-oxa-4-thio-5-fluorocytidine

1592U89 Abacavir, Ziagen (Glaxo  (1S4R)-4-[2-amino-6-cyclopropyl-amino)-9H-purin-9-yl]-2-
Wellcome) cyclopentene-1-methanol succinate

3TC (-)-BCH-189, Lamivu- (-)-p-L-2’,3-dideoxy-3-thiacytidine
dine, Epivir (Glaxo
Wellcome)

8-chloro-TIBO R091767, R86183, (+)-(9-4,5,6,7-Tetrahydro-8-chloro-5-methyl-6-(3-methyl-2-
tivirapine butenyl)imidazol[4,5,1-jk][1,4]benzodiazepine

A-77003 C2 symmetry-based pro- 2PyridCH2NCH3CO-Val-NHCH(Bz)|] CHOHCHOH
tease inhibitor (Abbott)

AAP-BHAP U-104489 (Pharmacia &  1-[(5-Methanesulfonamidoindol-2-yl)carbonyl]-4-[N-ethyl-N-[3-
Upjohn) (1,1-dimethyl)amino]-2-pyridinylJamino]piperidine

ABT-378 Aluviran, Lopinavir N-[(1S,3S,4S)-4-[[2,6-dimethylphenoxy)acetyllamino]-3-
(Abbott) hydroxy-5-phenyl-1-(phenylmethyl)pentyl]tetrahydsefl-

methylethyl)-2-oxo-1(2H)-pyrimidineacetamide
ABT-538 Ritonovir, Norvir 10-Hydroxy-2-methyl-5-(1-methylethyl)-1-[2-(1-methylethyl)-

(Abbott)

4-thiazolyl]-3,6-dioxo-8,11-bis(phenylmethyl)-2,4,7,12-
tetraazatridecan-13-oic acid, 5-thiazolylmethyl ester
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ADAMII Methyl 3/,3"-dichloro-4,4"-dimethoxy-5,5"-

AG1343

ALX40-4C

AMD3100

AZT

BHAP U-87201E

BHAP U-88204E

BHAP U-90152
BHAP U-90153
BHAP U-90154

BHAP U-90155
BILA 1906 BS

BILA 2011

BILA 2185 BS

BI-RG-587

BM+51.0836
BMS 186318

BMS 232632
Calanolide A
daT
ddC

ddl

DMP-266

DMP-323

Nelfinavir, Viracept
(Agouron)

zidovudine (Glaxo
Wellcome)

Atevirdine (Pharmacia
Upjohn)

Delavirdine, Rescriptor
(Pharmacia Upjohn)

(Bio-Mega/Boehringer
Ingelheim)

Palinavir (Bio-
Mega/Boehringer
Ingelheim)

(Bio-Mega/Boehringer
Ingelheim)

Nevaripine, Viramune
(Boehringer Ingleheim)

(Bristol-Myers Squibb)

NSC675451

Stavudine, Zerit (Bristol-
Myers Squibb)
Zalcitabine, Hivid
(Roche)

Didanosine, Videx
(Bristol-Myers Squibb)
Efavirenze, Sustiva
(Dupont Merck)

XM-323 (Dupont Merck)

bis(methoxycarbonyl)-6,6-diphenyl-5-hexenoate
(354a5,8a5)-N-tert-Butyl-2-[(2R,3R)-3-(3,2-cresotamido)-
2-hydroxy-4-(phenylthio)butyl]decahydro-3-isoquinoline-
carboxamide monomethanesulfonate

a polypeptide of nine d-Arg residues

octahydrochloride dihydrate of 1,19-[1,4-phenylene-bis-
(methylene)]-bis-1,4,8,11-tetra-azacyclotetradecane
3'-azido-3-deoxythymidine

1-[(5-Methyoxyindol-2-yl)carbonyl]-4-[3-(ethylamino)-2-
pyridyl]piperazine
1-(Indolyl-2-carbonyl)-4-[3-[(1-methylethyl)amino]pyridyl-
piperazine
1-(5-Methanesulphonamido)-1H-indol-2-yl-carbonyl)-4-[3-
(isopropylamino)-2-pyridinyl]piperazine
bisheteroarylpiperidinyl derivative

bisheteroarylpiperidinyl derivative

bisheteroarylpiperidinyl derivative
N-{1S[[3-[2 S(1,1-dimethylethyl)amino]carbonylFR4
]13-pyridinylmethyl)thio]-1-piperidinyl]-R-hydroxy-1S-
(phenylmethyl)propyllamino]carbonyl]-2-methylpropy2-
quinolinecarboxamide
N-{1S[[3-[2 S(1,1-dimethylethyl)amino]carbonyl]R+
[4-pyridinylmethyl)oxy]-1-piperidinyl]-R-hydroxy-1S-
(phenylmethyl)propyllamino]carbonyl]-2-methylpropy2-
quinolinecarboxamide
N-(1,1-dimethylethyl)-1-[&[[2-2,6-dimethyphenoxy)-1-
oxoethyllamino]-R-hydroxy-4-phenylbutyl]&-pyridinylthio)-
2-piperidine-carboxamide
11-Cyclopropyl-4-methyl-5,11-dihydro-6H-dipyrido[3,2-H2-
e]-[1,4]diazepin-6-one

thiazolo-isoindolinone derivative

B1R*, 25525, 3R"]]-[3-[[3-[[(1,1-Dimethylethoxy)-
carbonyllamino]-2-hydroxy-4-[4-[2-(4-morpholinyl)-
2-oxoethoxy]phenyl]butyllamino]-2-hydroxy-1-
(phenylmethyl)propyl]carbamic Acid, 1,1-dimethylethyl-ester
azapeptide protease inhibitor

a dipyranocoumarin
2',3-didehydro-3-deoxythymidine

2',3'-dideoxycytidine
2',3'-dideoxyinosine

(-)-6-Chloro-4-cyclopropylethynyl-4-trifluoromethyl-1,4,-
dihydro-2H-3,1-benzoxazin-one
[B-(4-a,5-0,6-3,7-0)]-hexahydro-5,6-dihydroxy-1,3-bis[(4-
hydroxymethyl)phenyllmethyl]-4,7-bis(phenylmethyl)-2H-1,3-
diazepin-2-one
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Abbreviations (cont)

Compounds (cont)

DMP-450

DS

DXG
E-BPTU
EBU-dM
E-EBU
E-EPSeU
E-EPU
F-ddA
GW420867X

HBY 097

HEPT
IC9564

I-EBU

JE-2147
JM-2763
JM-3100

KNI-272

L-697,593
L-697,661

L-Chicoric acid

L-FddC

LY-300046 HCI

MK-639

MP-134
P9941

PFA

PMEA
PMPA
PNU-140690

(Avid Therapeutics)

(-)-5-dioxolane-G
NSC 648400

Lodenosine

Betulinic acid derivative

MKC-442, emivirine,
coactinon (Triangle
Pharmaceuticals)

(Johnson Matthey)
SID791 (Johnson
Matthey)
Kynostatin 272

Trovirdine
(Lilly/Medivir/Abbott)
Indinavir, Crixivan, L-
735,524 (Merck)

(Dupont Merck)
Foscarnat (Astra)
(Gilead Sciences)
(Gilead Sciences)
Tipranavir, U-140690
(Pharmacia & Upjohn)

REVEWS

R-(4-a,5-,6-8,7-5)]-hexahydro-5,6-bis(hydroxy)-1,3-bis(3
amino)phenyl]methyl)-4,7-bis(phenylmethyl)-2H-1,3-diazepi
2-onebismesylate
dextran sulfate

(-)-(R 4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-ylJguanine

1-benzyloxymethyl-5-ethyl-6-(2-pyridylthio)uracil
5-ethyl-1-ethoxymethyl-6-(3,5-dimethylbenzyl)uracil
5-ethyl-1-ethoxymethyl-6-benzyluracil
1-(ethoxymethyl)-(6-phenylselenyl)-5-ethyluracil
1-(ethoxymethyl)-(6-phenyl-thio)-5-ethyluracil
"2fluoro-2,3-dideoxyadenosine
S-3-ethyl-6-fluoro-4-isopropoxycarbonyl-3,4-dihydro-quinoxalin-
2(1H)-one
(9-4-isopropoxycarbonyl-6-methoxy-3-(methylthio-methyl)-3,4-
dihydroquinoxalin-2(1H)-thione
1-[(2-hydroxyethoxy)methyl]6-(phenylthio)thymine

24[8-(28 betuliniyl) aminooctanoylamino]RBhydroxy-6-
methylheptanoic acid
6-benzyl-1-ethoxymethyl-5-isopropyluracil (I-EBU, Triangle
Pharmaceuticals/

an allophenylnorstatine-containing dipeptide protease inhibitor
1,10-(1,3-propanediyl)-bis-1,4,8,11-tetraazacyclo-tetradecane
1,10-[1,4-phenylenebis-(methylene)]bis-(1,4,8,11-
tetraazacyclotetradecane)octahydrochloride dihydrate
(8,39-3-amino-2-hydroxy-4-phenylbutyric acid-containing
tripeptide
5-ethyl-6-methyl-3-(2-phthalimido-ethyl)pyridin-2(1H)-one
3-[(-4,7-dichloro-1,3-benzoxazol-2-yl)ymethyllamino-5-ethyl-6-
methylpyridin-2(1H)-one
[S-R*, RY)]-2,3-Bis[[3-(3,4-dihydroxyphenyl)-1-ox0-2-
propenyl]oxy]butanedioic acid
(-)8-L-5-fluoro-2,3 -dideoxy-cytidine
N-[2-(2-pyridylethyl)-N-[2-(5-bromopyridyl)thiourea,hydro-
chloride
[1(1S2R),5(9]-2,3,5-Trideoxy-N-(2,3-dihydro-2-hydroxy-1H-
inden-1-yl)-5-[2-[[(1,1-dimethylethyl)amino]carbonyl]-4-(3-
pyridinylmethyl)-1-piperazinyl]-2-(phenylmethyl)-D-erythro-
pentonamide sulfate
C2 symmetry-based protease inhibitor
[2-pyridylacetyl-llePheAla-y(CHOH)]
phosphonoformate
9-(2 phosphonylmethoxyethyl)adenine
Rj-9-(2-phosphonyl-methoxypropyl)adenine
(6R)-3-(1R)-1-[3-([Trifluoromethyl)(2-pyridyl)]sulfonylamino)-
phenyl]propyl-4-hydroxy-6-(2-phenylethyl)-6-propyl-5,6-
dihydro-2H-pyran-2-one
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* QM96521 1,1,3-trioxo-2H,4H-thieno[2,4-3][1,2,4]thiadiazine derivative
(TTD)
QYL-685 methylenecyclopropane nucleoside analog with a phenylphos-
phoralaninate moiety
Ro 31-8959 Saquinavir, Invirase, For- N(1)-[3-[3-[[(1,1-dimethylethyl)amino]carbonyl]octahydro-
tovase (Roche) 2(1H)-isoquinolinyl]-2-hydroxy-1-(phenylmethyl)propyl]-2-[(2-

quinolinylcarbonyl)amino]-,[$[2[1R*(R*),2S"],3 «,483,8a5]]-,
monomethanesulfonate

RPI-312 1-[(¥)-3-(n-alpha-benzyloxycarbonyl)-l-asparginyl)-amino-2-
hydroxy-4-phenyl-butyryl]-n-tert-butyl-I-proline amide (peptidyl
protease inhibitor)

RPR103611 a triterpene betulinic acid derivative

S-1153 5-(3,5-dichlorophenyl)thio-4-isopropyl-1-(4-pyridyl)methyl-
1Himidazol-2-yl methyl carbamate

S-2720 6-chloro-3,3-dimethyl-4-(isopropenyl-oxycarbonyl)-3,4-
dihydroquinoxalin-2(1H)thione

SC-52151 Telinavir N-tert-butyl-Nisobutyl-N-[2(R)-hydroxy-4-phenyl-3%)-

[4-amino-1,4-dioxo-29)-(2-quinolinylcarboxamido)butyl-
amino]butyllurea

SC-55389A (Searle) hydroxyethyl-urea isostere protease inhibitor
SDF-1 Stromal derived factor 1
SDF-1u Stromal cell-derived factord
Siamycin | 21-residue tricyclic peptide
SKF108842 protease inhibitor
T134 [Tyr5,12, Lys7]-polyphemusin II-derivative with amino acid
sequence R-R-W-C-Y-R-K-DK-P-Y-R-Ci-C-R-COOH
T140 [Tyr5,12, Lys7]-polyphemusin II-derivative
T20 DP-178, Pentafuside Ac-YTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWF-
(Trimeris) NH2
TIBO R82150  (Janssen) (+)$p4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-butenyl)-
imidazo[4,5,1-jk][1,4]-benzodiazepin-2(1H)-thione
TIBO R82913 (Janssen) (+)8p4,5,6,7,-tetrahydro-9-chloro-5-methyl-6-(3-methyl-2-
butenyl)-imidazo-[4,5,1-jk]-[1,4]benzo-diazepin-2(1it H)-thione
TSAO [2,5'-bis-O-(tert-butyldimethylsilyl)-3-spiro-5’-(4”-amino-
1”,2"-oxathiole-2',2"-dioxide)]-3-D-pentofuranosyl derivative
ucC-10 NSC 645129 (Uniroyal thiocarboxanilide derivative
Chemical Co)
UC-16 (Uniroyal Chemical Co) thiocarboxanilide derivative
UC-32 NSC 645542 (Uniroyal thiocarboxanilide derivative
Chemical Co)
uC-38 NSC 629243 (Uniroyal 4-chloro-3-(isopropoxycarbonyl)phenylcarbamothioic acid, O-
Chemical Co) isopropyl ester
ucC-42 (Uniroyal Chemical Co) thiocarboxanilide derivative
UC-57 NSC 647014 (Uniroyal thiocarboxanilide derivative

Chemical Co)
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Abbreviations (cont)

Compounds (cont)

uUC-68 NSC 638532 (Uniroyal
Chemical Co)

uC-69 NSC 646989 (Uniroyal
Chemical Co)

UC-70 NSC 638534 (Uniroyal
Chemical Co)

ucC-781 (Uniroyal Chemical Co)

uC-80 NSC 639475 (Uniroyal
Chemical Co)

ucC-81 NSC 615727 (Uniroyal
Chemical Co)

ucC-82 (Uniroyal Chemical Co)

uC-84 NSC 615985 (Uniroyal
Chemical Co)

VB 11,328  (Vertex)

vMIP-I|
VX-478 141W94, Amprenavir,
Agenerase

a-APA R18893, loviride analog

REVEWS

thiocarboxanilide derivative
thiocarboxanilide derivative
thiocarboxanilide derivative

N-[4-chloro-3-(3-methyl-2-butenyloxy)phenyl]-2-methyl-3-
furancarbothioamide
thiocarboxanilide derivative

thiocarboxanilide derivative

N-[4-chloro-3-(3-methyl-2-butenyloxy)phenyl]-2-methyl-3-
thiophenecarbothioamide
thiocarboxanilide derivative

Carbamic acid, [3-[[(4-methoxyphenyl)sulfonyl](cyclopentyl-
methyl)amino]-2-hydroxy-1-(phenylmethyl)propyl]-,tetrahydro-
3-furanyl ester
viral macrophage inflammatory protein I
Carbamic acid, ((32R)-3-(((4-aminophenyl)sulfonyl)(2-
methylpropyl)amino)-2-hydroxy-1-(phenylmethyl)propyl)-$3
tetrahydro-3-furanyl ester

(+)-2,6-Dichlore-[(2-acetyl-5-methylphenyl)amino]benzamide




2]
=
2
S
)
[0 d

170 References

BachelerO0 Bacheler LT, Anton ED, Kudish P, Baker D, Bunville J, Krakowski K, Bolling L, Aujay
M, Wang XV, Ellis D, Becker MF, Lasut AL, George HJ, Spalding DR, Hollis G, Abremski K.,
Human immunodeficiency virus type 1 mutations selected in patients failing efavirenz combination
therapy. Antimicrobial Agents and Chemotheragy, 2475-2484, 2000, Medline: 10952598

Balzarini93 J. Balzarini, A. Karlsson, E. De Clercq, Human immunodeficiency virus type 1 drug-
resistance patterns with different 1-[(2-hydroxyethoxy)methyl]-6-(phenylthio)thymine derivatives.,
Mol Pharmaco) 44, 694—701, 1993, Medline: 94049697

Balzarini93a J. Balzarini, S. Velazquez, A. San-Felix, A. Karlsson, M. J. Perez-Perez, M. J.
Camarasa, E. De Clercq, Human immunodeficiency virus type 1-specific [2’,5-bis-O-(tert-
butyldimethylsilyl)-beta-D-ribofuranosyl]-3’-spiro-5-(4-amino-1,2- oxathiole-2,2-dioxide)-purine
analogues show a resistance spectrum that is different from that of the human immunodeficiency
virus type 1- specific non-nucleoside analogud$o] Pharmaco] 43, 109-14, 1993, Medline:
93140699

Balzarini93b J. Balzarini, A. Karlsson, E. De Clercq, J. Balzarini, A. Karlsson, A. M. Vandamme, M.
J. Perez-Perez, H. Zhang, L. Vrang, B. Oberg, K. Backbro, T. Unge, A. San-Felix, et al, Human im-
munodeficiency virustype 1 (HIV-1) strains selected for resistance against the HIV-1-specific [2",5'-
bis-O-(tert- butyldimethylsilyl)-3’-spiro- 5"-(4"-amino-1",2"-oxathiole-2",2"- dioxide)]-beta-D-
pentofurano syl (TSAO) nucleoside analogues retain sensitivity to HIV-1-specific nonnucleoside
inhibitors.,Proc Natl Acad SidJ S A 90, 69526, 1993, Medline: 93348190

Balzarini93c J. Balzarini, A. Karlsson, M. J. Perez-Perez, L. Vrang, J. Walbers, H. Zhang, B. Oberg,
A. M. Vandamme, M. J. Camarasa, E. De Clercq, HIV-1-specific reverse transcriptase inhibitors
show differential activity against HIV-1 mutant strains containing different amino acid substitutions
in the reverse transcriptas¥irology, 192, 246-53, 1993, Medline: 93297111

Balzarini93d J.Balzarini, A. Karlsson, M. J. Perez-Perez, M. J. Camarasa, W. G. Tarpley, E. De Clercq,
Treatment of human immunodeficiency virus type 1 (HIV-1)-infected cells with combinations of
HIV-1-specific inhibitors results in a different resistance pattern than does treatment with single-
drug therapy.J Virol, 67, 5353-9, 1993, Medline: 93353611

Balzarini94 J.Balzarini, A. Karlsson, V. V. Sardana, E. A. Emini, M. J. Camarasa, E. De Clercq, Human
immunodeficiency virus 1 (HIV-1)-specific reverse transcriptase (RT) inhibitors may suppress
the replication of specific drug-resistant (E138K)RT HIV-1 mutants or select for highly resistant
(Y181C—- >C181I)RT HIV-1 mutantsRroc Natl Acad SicU S A 91, 6599-603, 1994, Medline:
94294426

Balzarini95 J. Balzarini, M. J. Perez-Perez, S. Velazquez, A. San-Felix, M. J. Camarasa, E. De Clercq,
A. Karlsson, Suppression of the breakthrough of human immunodeficiency virus type 1 (HIV-1) in
cell culture by thiocarboxanilide derivatives when used individually or in combination with other
HIV-1-specific inhibitors (i.e., TSAO derivativesProc Natl Acad SicU S A 92, 5470-4, 1995,
Medline: 95296332

Balzarini95a J. Balzarini, W. G. Brouwer, E. E. Felauer, E. De Clercq, A. Karlsson, Activity of various
thiocarboxanilide derivatives against wild-type and several mutant human immunodeficiency virus
type 1 strains.Antiviral Res 27, 219-36, 1995, Medline: 96145332

Balzarini95b J.Balzarini, H. Jonckheere, W.A. Harrison, D.C. Dao, J. Anne, E. De Clercq, A. Karlsson,
Oxathiin carboxanilide derivatives: a class of hon-nucleoside HIV-1-specific reverse transcriptase
inhibitors (NNRTIs) that are active against mutant HIV-1 strains resistant to other NN&R¥igiral
Chemistry and Chemotherap; 169-78

Balzarini96a J. Balzarini, H. Pelemans, S. Aquaro, C. F. Perno, M. Witvrouw, D. Schols, E. De Clercq,
A. Karlsson, Highly favorable antiviral activity and resistance profile of the novel thiocarboxanilide
pentenyloxy ether derivatives UC-781 and UC-82 as inhibitors of human immunodeficiency virus
type 1 replication.Mol Pharmacol, 50, 394—401, 1996, Medline: 96319790

Balzarini96b J. Balzarini, W. G. Brouwer, D. C. Dao, E. M. Osika, E. De Clercq, Identification of
novel thiocarboxanilide derivatives that suppress a variety of drug-resistant mutant human immun-
odeficiency virus type 1 strains at a potency similar to that for wild-type viArgimicrob Agents
Chemother, 40, 1454-66, 1996, Medline: 96338367

Balzarini96c Balzarini J, Pelemans H, Perez-Perez MJ, San-Felix A, Camarasa MJ, De Clercq E,
Karlsson A, Marked inhibitory activity of non-nucleoside reverse transcriptase inhibitors against



References 171

human immunodeficiency virus type 1 when combined with (-)2’,3’-dideoxy-3'-thiacytidvel
Pharmacol, 4%5), 882-90, 1996, Medline: 96212950

Balzarini98 Balzarini J, Pelemans H, Esnouf R, De Clercq E., A novel mutation (F227L) arises in the
reverse transcriptase of human immunodeficiency virus type 1 on dose-escalating treatment of HIV
type 1-infected cell cultures with the nonnucleoside reverse transcriptase inhibitor thiocarbozanilide
UC-781.,AIDS Res Hum RetroviruseB4(3), 255-260, 1998, Medline: 98150880

Borman95 A.M. Borman, S. Paulous, Clavel F, Continued accumulation of protease inhibitor resis-
tance mutations in culture in the absence of the dragrth International Workshop on HIV Drug
Resistance Sardinia, Italy

BorrotoEsoda97 Borroto-K. Esoda, D.S. Noel, C.P. Moxham, Furman P.A., Preliminary genotypic
analysis of HIV-1 in plasma from volunteers receiving repeated multiple doses of MKGS#48,
International Workshop on HIV Drug Resistance St. Petersburg, FL, USA

Brenner02 Brenner B, Turner D, Oliveira M, Moisi D, Detorio M, Carobene M, Marlink RG, Schapiro
J, Roger M, Wainberg MA, A V106M mutation in HIV-1 clade C viruses exposed to efavirenz
confers cross-resistance to non-nucleoside reverse transcriptase inhibifo®s,17(1), F1-5,
2002, Medline: 12478089

Brown00 Brown AJ, Precious HM, Whitcomb JM, Wong JK, Quigg M, Huang W, Daar ES, D’Aquila
RT, Keiser PH, Connick E, Hellmann NS, Petropoulos CJ, Richman DD, Little SJ., Reduced
susceptibility of human immunodeficiency virus type 1 (HIV-1)from patients with primary HIV
infection to nonnucleoside reverse transcriptase inhibitors is associated with variation at novel
amino acid sitesJournal of Virology 74, 10269-10273, 2000, Medline: 11044070

Buckheit95a R.W.Buckheit, T. L. Kinjerski, V. Fliakas-Boltz, J. D. Russell, T. L. Stup, L. A. Pallansch,
W. G. Brouwer, D. C. Dao, W. A. Harrison, R. J. Schultz, etal, Structure-activity and cross-resistance
evaluations of a series of human immunodeficiency virus type-1-specific compounds related to
oxathiin carboxanilide Antimicrob Agents Chemothe39, 2718-27, 1995, Medline: 96161287

Buckheit95b R. W. Buckheit, V. Fliakas-Boltz, W. D. Decker, J. L. Roberson, T. L. Stup, C. A. Pyle,
E. L. White, J. B. McMahon, M. J. Currens, M. R. Boyd, et al, Comparative anti-HIV evaluation
of diverse HIV-1-specific reverse transcriptase inhibitor-resistant virus isolates demonstrates the
existence of distinct phenotypic subgroupgstiviral Res 26, 117-32, 1995, Medline: 95328856

Buckheit95c Buckheit RW Jr, Fliakas-Boltz V, Yeagy-Bargo S, Weislow O, Mayers DL, Boyer
PL, Hughes SH, Pan BC, Chu SH, Bader JP, Resistance to 1-[(2-hydroxyethoxy)methyl]-6-
(phenylthio)thymine derivatives is generated by mutations at multiple sites in the HIV-1 reverse
transcriptaseyirology, 210 186-193, 1995, Medline: 95313352

Buckheit97 Buckheit RW Jr, Snow MJ, Fliakas-Boltz V, Kinjerski TL, Russell JD, Pallansch LA,
Brouwer WG, Yang SS, Highly potent oxathiin carboxanilide derivatives with efficacy against
nonnucleoside reverse transcriptase inhibitor-resistant human immunodeficiency virus isolates. ,
Antimicrob Agents Chemothetl, 831-837, 1997, Medline: 97242500

Byrnes93 V. W. Byrnes, V. V. Sardana, W. A. Schleif, J. H. Condra, J. A. Waterbury, J. A. Wolfgang,
W. J. Long, C. L. Schneider, A. J. Schlabach, B. S. Wolanskii, Comprehensive mutant enzyme and
viral variant assessment of human immunodeficiency virus type 1 reverse transcriptase resistance
to nonnucleoside inhibitorsintimicrob Agents Chemoth&7, 1576-9, 1993, Medline: 94028780

Byrnes93a V. Byrnes, O. Blahy, J. Condra, L. Gotlib, D. Graham, W. Long, J. Quintero, A. Rhodes,
E. Roth, V. Sardana, A. Schlabach, W. Schleif, C. Schneider, D. Titus, B. Wolanski, J. Wolfgang,
E. Emini, Phenotypic susceptibility of human immunodeficiency virus type 1 RT containing sub-
stitutions which engender resistance to nucleoside and non-nucleoside inhiliticds/Vorkshop
on Viral Resistance Gaithersburg, MD, USA

Caride00 Caride E, Brindeiro R, Hertogs K, Larder B, Dehertogh P, Machado E, de Sa CA, Eyer-Silva
WA, Sion FS, Passioni LF,Menezes JA, Calazans AR, Tanuri A., Drug-resistant reverse transcriptase
genotyping and phenotyping of B and non-B subtypes (F and A) of human immunodeficiency
virus type | found in Brazilian patients failing HAARTVirology, 275 107-115, 2000, Medline:
11017792

Carrillo98 Carrillo A, Stewart KD, Norbeck DW, Kohlbrenner WE, Leonard JM, Kempf DJ, Molla
A., In vitro selection and characterization of human immunodeficiency virus type 1 variants with

REVEWS



2]
=
2
S
)
[0 d

172 References

increased resistance to ABT-378, a novel protease inhibiivérol, 72, 7532-7541, 1998, Medline:
98362159

Cherrington96 J. M. Cherrington, A. S. Mulato, M. D. Fuller, M. S. Chen, Novel mutation (K70E)
in human immunodeficiency virus type 1 reverse transcriptase confers decreased susceptibility
to 9-[2- (phosphonomethoxy)ethylJadenine in vitrAntimicrob Agents ChemothetO, 22126,
1996, Medline: 97032863

Cherrington96a  J.M. Cherrington, K.K.A. Van Rompay, A.S. Mulato, M.L. Marthas, C.J. Berardi,
S. Telm, N. Bischofberger, N.C. Pedersen, Phenotypic and genotypic characterization of simian
immunodeficiency viruses (SIV) with reduced susceptibility to PMPA isolated after PMPA therapy,
Fifth International Workshop on HIV Drug Resistance Whistler, BC, Canada

Cherrington97 J.M. Cherrington, R. Chandok, A.S. Mulato, P.D. Lamy, H. Mitsuya, M. Wainberg, In
vitro selection and characterization of HIV-1 variants with reduced susceptibility to PEiRE
International Workshop on HIV Drug Resistance, St. Petersburg, FL, USA

Condra95 J. H. Condra, W. A. Schleif, O. M. Blahy, L. J. Gabryelski, D. J. Graham, J. C. Quintero,
A. Rhodes, H. L. Robbins, E. Roth, M. Shivaprakash, et al, In vivo emergence of HIV-1 variants
resistant to multiple protease inhibitoMature 374, 569—71, 1995, Medline: 95214785

Condra96 Condra JH, Holder DJ, Schleif WA, Blahy OM, Danovich RM, Gabryelski LJ, Graham DJ,
Laird D, Quintero JC, Rhodes A, Robbins HL, Roth E, Shivaprakash M, Yang T, Chodakewitz JA,
Deutsch PJ, Leavitt RY, Massari FE, Mellors JW, Squires KE, Steigbigel RT, Teppler H, Emini EA,
Genetic correlates of in vivo viral resistance to indinavir, a human immunodeficiency virus type 1
protease inhibitor] Virol, 70(12), 8270-6, 1996, Medline: 97126022

Croteau97 G. Croteau, L. Doyon, D. Thibeault, G. McKercher, L. Pilote, D. Lamarre, Impaired fithess
of human immunodeficiency virus type 1 variants with high-level resistance to protease inhibitors.,
J Virol, 71, 1089-96, 1997, Medline: 97151093

Cushman98 Cushman M, Casimiro-Barcia A, Hejchman E, Ruell JA, Huang M, Schaeffer CA,
Williamson K, Rice WG, Buckheit Jr. RW., New alkenyldiarylmethanes with enhanced poten-
cies as anti-HIV agents which act as non-nucleoside reverse transcriptase inhibkted.Chem
41, 2076-2089, 1998, Medline: 98285673

DeAntoni97 A. De Antoni, A. Foli, J. Lisziewicz, F. Lori, Mutations in the pol gene of human immun-
odeficiency virus type 1 in infected patients receiving didanosine and hydroxyurea combination
therapy,J Infect Dis 176, 899-903, 97, Medline: 97472322

deBethune93 M-P.de Bethune, R. Pauwels, K. Andries, A.M. Vandamme, M. Peeters, R. Colebunders,
P. Stoffels, E. De Clercq, J. Desmyter, AZT resistance reversal by the non-nucleoside reverse
transcriptase inhibitorv-APA R18893 in a symptomatic HIV-infected individugecond HIV
Drug Resistance Workshop, Noordwijk, The Netherlands

Demeter95 L.M. Demeter, R.W. Shafer, M. Para, G. Morse, W. Freimuth, T.C. Merigan, R.C. Re-
ichman, Delavirdine (DLV) susceptibility of HIV-1 isolates obtained from patients receiving DLV
monotherapy (ACTG 260} Acquir Immune Defic Syndrom Hum Retro#i®(S3), 23

Demeter98 L. M. Demeter, P. M. Meehan, G. Morse, M. A. Fischl, M. Para, W. Powderly, J. Leedom,
J. Holden-Wiltse, C. Greisberger, K. Wood, J. Timpone, L. K. Wathen, T. Nevin, L. Resnick, D. H.
Batts, R. C. Reichman, Phase | study of atevirdine mesylate (U-87201E) monotherapy in HIV-1-
infected patients] Acquir Immune Defic Syndr Hum Retrovjib®, 135-44, 98, Medline: 98439558

DeVreese96 K. De Vreese, D. Reymen, P. Griffin, A. Steinkasserer, G. Werner, G. J. Bridger, J.
Este, W. James, G. W. Henson, J. Desmyter, J. Anne, |. De Clercq, The bicyclams, a new class of
potent human immunodeficiency virus inhibitors, block viral entry after bindigtiviral Res
29, 209-19, 1996, Medline: 96315998

DeVreese96a de Vreese K, Kofler-Mongold V, Leutgeb C, Weber V, Vermeire K, Schacht S, Anne J,
de Clercq E, Datema R, Werner G, The molecular target of bicyclams, potent inhibitors of human
immunodeficiency virus replicatiod, Virol, 70(2), 689-96, 1996, Medline: 96135175

Doyon96 L. Doyon, G. Croteau, D. Thibeault, F. Poulin, L. Pilote, D. Lamarre, Second locus involved
in human immunodeficiency virus type 1 resistance to protease inhibifov&ol, 70, 3763-9,
1996, Medline: 96211509

Dueweke93 T. J. Dueweke, T. Pushkarskaya, S. M. Poppe, S. M. Swaney, J. Q. Zhao, I. S. Chen, M.
Stevenson, W. G. Tarpley, A mutation in reverse transcriptase of bis(heteroaryl)piperazine- resistant



References 173

human immunodeficiency virus type 1 that confers increased sensitivity to other nonnucleoside
inhibitors.,Proc Natl Acad SidJ S A 90, 4713-7, 1993, Medline: 93281649

Dulioust97 A. Dulioust, S. Paulous, L. Guillemot, F. Boue, P. Galanaud, Clavel F, Selection of
saquinavir-resistant mutants by indinavir following a switch from saquin&uxth International
Workshop on HIV Drug Resistance St. Petersburg, FL, USA

Eastman97 P.S.Eastman, |.B. Duncan, C. Gee, Race E, Acquisition of genotypic mutations associated
with reduced susceptibility to protease inhibitors during saquinavir monotheBagiy, Interna-
tional Workshop on HIV Drug Resistance St. Petersburg, FL, USA

Eberle95 J. Eberle, B. Bechowsky, D. Rose, U. Hauser, K. von der Helm, L. Gurtler, H. Nitschko,
Resistance of HIV type 1 to proteinase inhibitor Ro 31-8988DS Res Hum Retrovirusekl,
671-6, 1995, Medline: 96078227

el-Farrash94 M. A. el-Farrash, M. J. Kuroda, T. Kitazaki, T. Masuda, K. Kato, M. Hatanaka, S. Harada,
Generation and characterization of a human immunodeficiency virus type 1 (HIV-1) mutant resistant
to an HIV-1 protease inhibitord Virol, 68, 233-9, 1994, Medline: 94076412

Este96 J.A.Este, K.De Vreese, M. Witvrouw, J. C. Schmit, A. M. Vandamme, J. Anne, J. Desmyter, G.
W. Henson, G. Bridger, E. De Clercq, Antiviral activity of the bicyclam derivative JIM3100 against
drug- resistant strains of human immunodeficiency virus typarttiyiral Res 29, 297-307, 1996,
Medline: 96316006

Este96a J.A.Este, K. Van Laethem, A.M. Vandamme, J. Desmyter, E. De Clercq, Resistant phenotype
of human immunodeficiency virus type 1 to dextran sulfate is conferred by specific amino acid
substitutions in the gp120 molecukgfth International Workshop on HIV Drug Resistance Whistler,
BC, Canada

Este97 J.A. Este, D. Schols, K. De Vreese, D. Van Laethem, A.M. Vandamme, J. Desmyter, E.
De Clercq, Development of resistance of human immunodeficiency virus type 1 to dextran sulfate
associated with the emergence of specific mutations in the envelope gp120 glycoptoteaular
Pharmacology52, 98-104 , 1997 1997, Medline: 97368051

Fitzgibbon01 Fitzgibbon JE, Gaur S, Walsman SM, Janahi M, Whitley-Williams P, John JF Jr., Emer-
gence of drug resistance mutations in a group of HIV-infected children taking nelfinavir-containing
regimens.AIDS Res Hum Retrovirusekr(14), 1321-8, 2001, Medline: 11602042

Fitzgibbon92 J. E. Fitzgibbon, R. M. Howell, C. A. Haberzettl, S. J. Sperber, D. J. Gocke, D. T. Dubin,
Human immunodeficiency virus type 1 pol gene mutations which cause decreased susceptibility to
2',3'-dideoxycytidine. Antimicrob Agents Chemothe36, 153-7, 1992, Medline: 92272541

Foli96 A. Foli, K. M. Sogocio, B. Anderson, M. Kavlick, M. W. Saville, M. A. Wainberg, Z. Gu, J. M.
Cherrington, H. Mitsuya, R. Yarchoan, In vitro selection and molecular characterization of human
immunodeficiency virus type 1 with reduced sensitivity to 9-[2- (phosphonomethoxy)ethylladenine
(PMEA)., Antiviral Res 32, 91-8, 1996, Medline: 97046247

Fujiwara98 T. Fujiwara, A. Sato, M. el-Farrash, S. Miki, K. Abe, Y. Isaka, M. Kodama, Y. Wu, L.
B. Chen, H. Harada, H. Sugimoto, M. Hatanaka, Y. Hinuma, S-1153 inhibits replication of known
drug-resistant strains of human immunodeficiency virus tygefimicrob Agents Chemothet2,
1340-5, 98, Medline: 98287568

Gao92 Q. Gao, Z. X. Gu, M. A. Parniak, X. G. Li, M. A. Wainberg, In vitro selection of vari-
ants of human immunodeficiency virus type 1 resistant to 3'-azido-3’-deoxythymidine and 2’,3’-
dideoxyinosine.J Virol, 66, 12-9, 1992, Medline: 92085373

Gao93 Q. Gao, Z. Gu, M. A. Parniak, J. Cameron, N. Cammack, C. Boucher, M. A. Wainberg,
The same mutation that encodes low-level human immunodeficiency virus type 1 resistance to
2’,3'-dideoxyinosine and 2’,3’-dideoxycytidine confers high-level resistance to the (-) enantiomer
of 2’,3'-dideoxy-3’- thiacytidine.,Antimicrob Agents Chemothe87, 1390-2, 1993, Medline:
93319281

Gatanaga02 Gatanaga H, Suzuki Y, Tsang H, Yoshimura K, Kavlick MF, Nagashima K, Gorelick
RJ, Mardy S, Tang C, Summers MF, Mitsuya H, Amino acid substitutions in Gag protein at non-
cleavage sites are indispensable for the development of a high multitude of HIV-1 resistance against
protease inhibitors] Biol Chem2778), 5952—-61, 2002, Medline: 11741936

REVEWS



2]
=
2
S
)
[0 d

174 References

Gong00 Gong YF, Robinson BS, Rose RE, Deminie C, Spicer TP, Stock D, Colonno RJ, Lin PF.,
In vitro resistance profile of the human immunodeficiency virus type 1 protease inhibitor BMS-
232632. Antimicrobial Agents and Chemotheragy, 2319-2326, 2000, Medline: 10952574

Gong99 Y. Gong, B. Robinson, R. Rose, K. Riccardi, C. Deminie, D. Stock, T. Spicer, F. Djang, J.
Cross, R. Colonno, P-F. Lin. , Resistance profile and drug combination studies of an HIV-1 protease
inhibitor BMS-232632.6th Conference on Retroviruses and Opportunistic Infections Chicago, IL,
USA Abstract 603

Gu92 Z.Gu,Q.Gao, X.Li, M. A. Parniak, M. A. Wainberg, Novel mutation in the human immunodefi-
ciency virus type 1 reverse transcriptase gene that encodes cross-resistance to 2’,3'- dideoxyinosine
and 2',3’-dideoxycytidine.J Virol, 66, 7128-35, 1992, Medline: 93059660

Gu94 Z. Gu, Q. Gao, H. Fang, H. Salomon, M. A. Parniak, E. Goldberg, J. Cameron, M. A. Wain-
berg, Identification of a mutation at codon 65 in the IKKK motif of reverse transcriptase that
encodes human immunodeficiency virus resistance to 2’,3’-dideoxycytidine and 2’,3’-dideoxy-3'-
thiacytidine.,Antimicrob Agents Chemothed8, 275-81, 1994, Medline: 94250000

Gu95 Z. Gu, H. Salomon, J. M. Cherrington, A. S. Mulato, M. S. Chen, R. Yarchoan, A. Foli, K. M.
Sogocio, M. A. Wainberg, K65R mutation of human immunodeficiency virus type 1 reverse tran-
scriptase encodes cross-resistance to 9-(2- phosphonylmethoxyethyl)ademntingicrob Agents
Chemother39, 1888-91, 1995, Medline: 96100773

Gulnik95 S. V. Gulnik, L. I. Suvorov, B. Liu, B. Yu, B. Anderson, H. Mitsuya, J. W. Erickson,
Kinetic characterization and cross-resistance patterns of HIV-1 protease mutants selected under
drug pressureBiochemistry34, 9282—7, 1995, Medline: 95352609

Gurusinghe95 A. D. Gurusinghe, S. A. Land, C. Birch, C. McGavin, D. J. Hooker, G. Tachedjian, R.
Doherty, N. J. Deacon, Reverse transcriptase mutations in sequential HIV-1 isolates in a patient
with AIDS., J Med Virol 46, 238—-43, 1995, Medline: 96028714

Hara97 Hara H, Fujihashi T, Sakata T, Kaji A, Kaji H, Tetrahydronaphthalene lignan compounds as
potent anti-HIV type 1 agent8|DS Res Hum Retrovirusgs3, 695-705, 1997, Medline: 97311521

Harrigan96 P. R. Harrigan, I. Kinghorn, S. Bloor, S. D. Kemp, I. Najera, A. Kohli, B. A. Larder,
Significance of amino acid variation at human immunodeficiency virus type 1 reverse transcriptase
residue 210 for zidovudine susceptibility.Virol, 70, 5930-4, 1996, Medline: 96323108

HertogsO0 Hertogs K, Bloor S, De Vroey V, van Den Eynde C, Dehertogh P, van Cauwenberge A,
Sturmer M, Alcorn T, Wegner S, van Houtte M, Miller V, Larder BA., A novel human immun-
odeficiency virus type 1 reverse transcriptase mutational pattern confers phenotypic lamivudine
resistance in the absence of mutation 18#itimicrobial Agents and Chemotherapld, 568—

573, 2000, Medline: 10681319

Ho94 D. D. Ho, T. Toyoshima, H. Mo, D. J. Kempf, D. Norbeck, C. M. Chen, N. E. Wideburg, S.
K. Burt, J. W. Erickson, M. K. Singh, Characterization of human immunodeficiency virus type
1 variants with increased resistance to a C2-symmetric protease inhibitérol, 68, 2016—20,

1994, Medline: 94149902

Holz-Smith01 Holz-Smith SL, Sun IC, Jin L, Matthews TJ, Lee KH, Chen CH., Role of Human
Immunodeficiency Virus (HIV) Type 1 Envelope in the Anti-HIV Activity of the Betulinic Acid
Derivative IC9564.Antimicrobial Agents and Chemotherag, 60—66, 2001, Medline: 11120945

Hooker96 D. J. Hooker, G. Tachedjian, A. E. Solomon, A. D. Gurusinghe, S. Land, C. Birch, J. L.
Anderson, B. M. Roy, E. Arnold, N. J. Deacon, An in vivo mutation from leucine to tryptophan
at position 210 in human immunodeficiency virus type 1 reverse transcriptase contributes to high-
level resistance to 3’-azido-3’-deoxythymiding.Virol, 70, 8010-8, 1996, Medline: 97048084

ImamichiOOa Imamichi T, Sinha T, Imamichi H, Zhang YM, Metcalf JA, Falloon J, Lane HC., High-
level resistance to 3’-azido-3’-deoxythimidine due to a deletion in the reverse transcriptase gene
of human immunodeficiency virus type Igurnal of Virology 74, 1023-1028, 2000, Medline:
10623768

ImamichiOOb Imamichi T, Berg SC, Imamichi H, Lopez JC, Metcalf JA, Falloon J, Lane HC., Relative
replication fitness of a high-level 3'-azido-3'-deoxythymidine-resistant variant of human immun-
odeficiency virus type 1 possessing an amino acid deletion at codon 67 and a novel substitution
(Thr—>Gly) at codon 69.Journal of Virology 74, 10958—-10964, 2000, Medline: 11069990



References 175

ImamichiO1 Imamichi, T., Murphy, M.A., Imamichi, H., Lane, H.C., Amino Acid Deletion at Codon
67 and Thr-to-Gly Change at Codon 69 of Human Immunodeficiency Virus Type 1 Reverse Tran-
scriptase Confer Novel Drug Resistance Profillesirnal of Virology 75, 3988—-3992

Ingate95 S. Ingate, M. J. Perez-Perez, E. De Clercq, J. Balzarini, M. J. Camarasa, Synthesis and
anti-HIV-1 activity of novel TSAO-T derivatives modified at the 2'- and 5'-positions of the sugar
moiety.,Antiviral Res 27, 281-99, 1995, Medline: 96145337

Iversen96 A.K.Iversen, R.W. Shafer, K. Wehrly, M. A. Winters, J. |. Mullins, B. Chesebro, T. C. Meri-
gan, Multidrug-resistant human immunodeficiency virus type 1 strains resulting from combination
antiretroviral therapy.J Virol, 70, 1086—90, 1996, Medline: 96135222

Jacobsen94 H. Jacobsen, Brun-F. Vezinet, I. Duncan, M. Hanggi, M. Ott, S. Vella, J. Weber, Mous
J, Genotypic characterization of HIV-1 from patients after prolonged treatment with proteinase
inhibitor saquinivir,Third International Workshop on HIV Drug Resistance Kauai, HI, USA

KanbaraO0l KanbaraK, Sato S, Tanuma J, Tamamura H, Gotoh K, Yoshimori M, Kanamoto T, Kitano
M, Fujii N, Nakashima H., Biological and genetic characterization of a human immunodeficiency
virus strain resistant to CXCR4 antagonist T13¥DS Res Hum Retroviruse$7(7), 61522,
2001, Medline: 11375057

Kaplan94 A.H.Kaplan, S. F. Michael, R. S. Wehbie, M. F. Knigge, D. A. Paul, L. Everitt, D. J. Kempf,
D. W. Norbeck, J. W. Erickson, R. Swanstrom, Selection of multiple human immunodeficiency
virus type 1 variants that encode viral proteases with decreased sensitivity to an inhibitor of the
viral protease.Proc Natl Acad SidJ S A 91, 5597-601, 1994, Medline: 94261633

Kellam92 P. Kellam, C. A. Boucher, B. A. Larder, Fifth mutation in human immunodeficiency virus
type 1 reverse transcriptase contributes to the development of high-level resistance to zidovudine.,
Proc Natl Acad SidJ S A 89, 19348, 1992, Medline: 92179296

Kemp98 S. D. Kemp, C. Shi, S. Bloor, P. R. Harrigan, J. W. Mellors, B. A. Larder, A novel polymor-
phism at codon 333 of human immunodeficiency virus type 1 reverse transcriptase can facilitate dual
resistance to zidovudine and L-2’,3’-dideoxy-3'-thiacytidink\Virol, 72, 5093-8, 1998, Medline:
98241751

Kempf01 KempfDJ, Isaacson JD, King MS, Brun SC, Xu Y, Real K, Bernstein BM, Japour AJ, Sun
E, Rode RA., Identification of genotypic changes in human immunodeficiency virus protease that
correlate with reduced susceptibility to the protease inhibitor lopinavir among viral isolates from
protease inhibitor-experienced patienfisvirol., 75(16), 7462-9, 2001, Medline: 11462018

Keulen96 W. Keulen, A. van Wijk, C. Boucher, B. Berkhout, Initial appearance of 184lle variant
in 3TC-treated patients can be explained by the mutation bias of the HIV-1 RT enHfithe,
International Workshop on HIV Drug Resistance Whistler, BC, Canada

King95 R.W. King, S. Garber, D.L. Winslow, C. Reid, L.T. Bacheler, E. Anton, M.J. Otto, Multi-
ple mutations in the human immunodeficiency virus protease gene are responsible for decreased
susceptibility to protease inhibitorgntiviral Chemistry and Chemothera699), 80-88

King98 P.J. King, W. E. Robinson Jr. , Resistance to the anti-human immunodeficiency virus type 1
compound L-chicoric acid results from a single mutation at amino acid 140 of integfasmal
of Virology, 72, 8420-8424

Kleim93 J. P. Kleim, R. Bender, U. M. Billhardt, C. Meichsner, G. Riess, M. Rosner, |. Winkler, A.
Paessens, Activity of a novel quinoxaline derivative against human immunodeficiency virus type
1 reverse transcriptase and viral replicaticdkntimicrob Agents Chemothe37, 1659—64, 1993,
Medline: 94028795

Kleim95 J. P. Kleim, R. Bender, R. Kirsch, C. Meichsner, A. Paessens, M. Rosner, H. Rubsamen-
Waigmann, R. Kaiser, M. Wichers, K. E. Schneweis, et al, Preclinical evaluation of HBY 097, a new
nonnucleoside reverse transcriptase inhibitor of human immunodeficiency virus type 1 replication.,
Antimicrob Agents Chemothed9, 2253-7, 1995, Medline: 96109422

Kleim96 J. P. Kleim, M. Rosner, I. Winkler, A. Paessens, R. Kirsch, Y. Hsiou, E. Arnold, G. Riess,
Selective pressure of a quinoxaline nonnucleoside inhibitor of human immunodeficiency virus type
1 (HIV-1) reverse transcriptase (RT) on HIV- 1 replication results in the emergence of nucleoside
RT-inhibitor- specific (RT Leu-74—>Val or lle and Val-75—>Leu or lle) HIV-1 mutari®sqc Natl
Acad ScU S A 93, 34-8, 1996, Medline: 96133872

REVEWS



2]
=
2
S
)
[0 d

176 References

Kleim97 J. P. Kleim, I. Winkler, M. Rosner, R. Kirsch, H. Rubsamen-Waigmann, A. Paessens, G.
Riess, In vitro selection for different mutational patterns in the HIV-1 reverse transcriptase using
high and low selective pressure of the nonnucleoside reverse transcriptase inhibitor HBY 097.,
Virology, 231, 112-8, 1997, Medline: 97288331

Kleim99 J-P. Kleim, V. Burt, M. Maguire, R. Ferris, R.J. Hazen, G. Roberts, M. St. Clair. , NNRTI
GW420867X: Comparative evaluation of the in vitro resistance profiigh Conference on Retro-
viruses and Opportunistic Infections, Chicago, IL, USAbstract 600

Labrosse00 Labrosse B, Treboute C, Alizon M., Sensitivity to a nonpeptidic compound (RPR103611)
blocking human immunodeficiency virus type 1 Env-mediated fusion depends on sequence and ac-
cessibility of the gp41 loop regionlpurnal of Virology 74(5), 2142-50, 2000, Medline: 10666243

Labrosse97 B. Labrosse, O. Pleskoff, N. Sol, C. Jones, Y. Henin, M. Alizon, Antiviral and resistance
studies of RPR103611, an inhibitor of HIV replicati@®ixth International Workshop on HIV Drug
Resistance, St. Petershurg, FL, USA

Lacey94 S.F. Lacey, B. A. Larder, Novel mutation (V75T) in human immunodeficiency virus type 1
reverse transcriptase confers resistance to 2’,3'-didehydro-2’,3'- dideoxythymidine in cell culture.,
Antimicrob Agents Chemothe38, 1428-32, 1994, Medline: 94379807

Lamarre94 D. Lamarre, G. Croteau, L. Pilote, P. Rousseau, Doyon L, Molecular characterization of
HIV-1 variants resistant to specific viral protease inhibitdtsyd International Workshop on HIV
Drug Resistance Kauai, HI, USA

Lamarre95 D. Lamarre, L. Doyon, G. Croteau, L. Pilote, Thibeault D, Molecular basis of HIV-1
resistance to protease inhibitors Structural flexibility of the protease and second-site compensatory
mutations in cleavage sitédyurth International Workshop on HIV Drug Resistance Sardinia, Italy

Larder89 B. A. Larder, S. D. Kemp, Multiple mutations in HIV-1 reverse transcriptase confer high-
level resistance to zidovudine (AZTpcience 246, 1155-8, 1989, Medline: 90069587

Larder91 B. A. Larder, K. E. Coates, S. D. Kemp, Zidovudine-resistant human immunodeficiency
virus selected by passage in cell cultudeVjrol, 65, 5232—6, 1991, Medline: 91374572

Larder92 B. A. Larder, 3'-Azido-3’-deoxythymidine resistance suppressed by a mutation conferring
human immunodeficiency virus type 1 resistance to nonnucleoside reverse transcriptase inhibitors.,
Antimicrob Agents Chemothe36, 2664—9, 1992, Medline: 93128874

Larder95 B. A. Larder, S. D. Kemp, P. R. Harrigan, Potential mechanism for sustained antiretroviral
efficacy of AZT-3TC combination therapyscience269 696-9, 1995, Medline: 95350663

Larder99 Larder BA, Bloor S, Kemp SD, Hertogs K, Desmet RL, Miller V, Sturmer M, Staszewski S,
Ren J, Stammers DK, Stuart DI, Pauwels R., A family of insertion mutations between codons 67 and
70 of human immunodeficiency virus type 1 reverse transcriptase confer multinucleoside analog
resistance Antimicrobial Agents and Chemothergg, 1961-1967, 1999, Medline: 10428920

Lawrence99 J. Lawrence, J. Schapiro, M. Winters, J. Montoya, A. Zolopa, R. Pesano, B. Efron, D.
Winslow, T. C. Merigan, Clinical resistance patterns and responses to two sequential protease
inhibitor regimens in saquinavir and reverse transcriptase inhibitor- experienced pdrbufest
Dis, 179 1356-64, 99, Medline: 99246335

Lin96 P. F. Lin, H. Samanta, C. M. Bechtold, C. A. Deminie, A. K. Patick, M. Alam, K. Riccardi, R.

E. Rose, R. J. White, R. J. Colonno, Characterization of siamycin |, a human immunodeficiency
virus fusion inhibitor. Antimicrob Agents Chemothet0, 133-8, 1996, Medline: 96379881

Lobato02 Lobato RL, Kim EY, Kagan RM, Merigan TC, Genotypic and phenotypic analysis of a
novel 15-base insertion occurring between codons 69 and 70 of HIV type 1 reverse transcriptase,
AIDS Res Hum Retrovirus&8(10), 733—-6, 2002, Medline: 12167282

Maass93 G. Maass, U. Immendoerfer, B. Koenig, U. Leser, B. Mueller, R. Goody, E. Pfaff, Viral
resistance to the thiazolo-iso-indolinones, a new class of nonnucleoside inhibitors of human im-
munodeficiency virus type 1 reverse transcriptadetimicrob Agents Chemothe87, 2612-7,

1993, Medline: 94153035

Medlin96 H. K. Medlin, Y. Q. Zhu, K. M. Remington, T. R. Phillips, T. W. North , Selection and
characterization of a mutant of feline immunodeficiency virus resistant to 2’,3’-dideoxycytidine.,
Antimicrob Agents Chemothergpip, 953—7, 1996, Medline: 96254566

Mellors92 J. W. Mellors, G. E. Dutschman, G. J. Im, E. Tramontano, S. R. Winkler, Y. C. Cheng,
In vitro selection and molecular characterization of human immunodeficiency virus-1 resistant to



References 177

non-nucleoside inhibitors of reverse transcriptase [published erratum appears in Mol Pharmacol
1992 Jul;42(1):174]Mol Pharmaco) 41, 446-51, 1992, Medline: 92186808

Mellors93 J. W. Mellors, G. J. Im, E. Tramontano, S. R. Winkler, D. J. Medina, G. E. Dutschman, H.
Z. Bazmi, G. Piras, C. J. Gonzalez, Y. C. Cheng , A single conservative amino acid substitution
in the reverse transcriptase of human immunodeficiency virus-1 confers resistance to (+)-(5S)-
4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-butenyl)imidazo[4,5, 1- jk][1,4]benzodiazepin-2(1H)-
thione (TIBO R82150). Mol Pharmaco) 43 192, 11-6 246-53 , 1993 1993 1993, Medline:
93140700

Mellors95 J. W. Mellors, H. Z. Bazmi, R. F. Schinazi, B. M. Roy, Y. Hsiou, E. Arnold, J. Weir, D. L.
Mayers, Novel mutations in reverse transcriptase of human immunodeficiency virus type 1 reduce
susceptibility to foscarnet in laboratory and clinical isolatesntimicrob Agents Chemothe39,
1087-92, 1995, Medline: 95351747

Mellors96 J.W. Mellors, H. Bazmi, C.K. Chu, Schinazi R.F., K65R mutation in HIV-1 reverse tran-
scriptase causes resistance tad-p-dioxolane-guanine and reverses AZT resistaRdth Inter-
national Workshop on HIV Drug Resistance Whistler, BC, Canada

Mo96 H. Mo, M. Markowitz, P. Majer, S. K. Burt, S. V. Gulnik, L. I. Suvorov, J. W. Erickson, D.
D. Ho, Design, synthesis, and resistance patterns of MP-134 and MP-167, two novel inhibitors of
HIV type 1 protease AIDS Res Hum Retrovirusel2, 55-61, 1996, Medline: 96423018

Moeremans95 M. Moeremans, M. De Raeymaeker, R. Van den Broeck, P. Stoffels, M. De Brabander,
J. De Cree, K. Hertogs, R. Pauwels, S. Staszewski, K. Andries, Virological analysis of HIV-1
isolates in patients treated with the non-nucleoside reverse transcriptase inhibitor RO91767, 8-
chloro-TIBO.,Fourth International Workshop on HIV Drug Resistance Sardinia, Italy

Moeremans95a M. Moeremans, M. De Raeymaeker, R. Van den Broeck, P. Stoffels, K. Andries,
Genotypic analysis of HIV-1 isolates from patients receiving loviride alone or in combination with
nucleoside reverse transcriptase inhibikayrth International Workshop on HIV Drug Resistance
Sardinia, Italy

Molla96 A. Molla, M. Korneyeva, Q. Gao, S. Vasavanonda, P. J. Schipper, H. M. Mo, M. Markowitz,
T. Chernyavskiy, P. Niu, N. Lyons, A. Hsu, G. R. Granneman, D. D. Ho, C. A. Boucher, J. M.
Leonard, D. W. Norbeck, D. J. Kempf, Ordered accumulation of mutations in HIV protease confers
resistance to ritonavilflat Med 2, 760—6, 1996, Medline: 96266327

Montes02 Montes B, Segondy M., Prevalence of the mutational pattern E44D/A and/or V118l in
the reverse transcriptase (RT) gene of HIV-1 in relation to treatment with nucleoside analogue RT
inhibitors.,J Med Virol, 66(3), 299-303, 2002, Medline: 11793380

Mulato97 A.S. Mulato, P.L. Lamy, W. Li, M.D. Miller, J.M. Cherrington, Genotypic characterization
of HIV-1 variants isolated from AIDS patients treated with adefovir dipivoxil (bis-POM PMEA).,
Sixth International Workshop on HIV Drug Resistance St. Petersburg, FL, USA

Nguyen94 M. H. Nguyen, R. F. Schinazi, C. Shi, N. M. Goudgaon, P. M. McKenna, J. W. Mel-
lors, Resistance of human immunodeficiency virus type 1 to acyclic 6- phenylselenenyl- and 6-
phenylthiopyrimidines.Antimicrob Agents Chemothe38, 2409-14, 1994, Medline: 95142586

Nunberg91 J. H. Nunberg, W. A. Schleif, E. J. Boots, J. A. O'Brien, J. C. Quintero, J. M. Hoffman,
E. A. Emini, M. E. Goldman, Viral resistance to human immunodeficiency virus type 1-specific
pyridinone reverse transcriptase inhibitods\irol, 65, 4887-92, 1991, Medline: 91333034

Olmsted96 R.A.Olmsted, D.E. Slade, L. A. Kopta, S. M. Poppe, T. J. Poel, S. W. Newport, K. B. Rank,
C. Biles, R. A. Morge, T. J. Dueweke, Y. Yagi, D. L. Romero, R. C. Thomas, S. K. Sharma, W. G.
Tarpley, (Alkylamino) piperidine bis(heteroaryl)piperizine analogs are potent, broad-spectrum non-
nucleoside reverse transcriptase inhibitors of drug- resistant isolates of human immunodeficiency
virus type 1 (HIV-1) and select for drug-resistant variants of HIV-111I1B with reduced replication
phenotypes.J Virol, 70, 3698-705, 1996, Medline: 96211502

Otto93 M. J. Otto, S. Garber, D. L. Winslow, C. D. Reid, P. Aldrich, P. K. Jadhav, C. E. Patterson,
C. N. Hodge, Y. S. Cheng, In vitro isolation and identification of human immunodeficiency virus
(HIV) variants with reduced sensitivity to C-2 symmetrical inhibitors of HIV type 1 proteRsec,
Natl Acad StU S A 90, 7543-7, 1993, Medline: 93361483

Otto95 M.J. Otto, C.D. Reid, R.W. King, S. Garber, D.B. Baker, E. Anton, Winslow D.L., Exposure
of chronically infected PBMCs to DMP 450 can completely suppress virus replication or select

REVEWS



2]
=
2
S
)
[0 d

178 References

resistant variants depending upon the dose of compd&echnd National Conference on Human
Retroviruses and Related Infections Washington, DC, USA

Partaledis94 J.A. Partaledis, K. Yamaguchi, Byrn R.A., In vitro selection and characterization of HIV-
1 viral isolates with reduced sensitivity to inhibitors of HIV proteda&drd International Workshop
on HIV Drug Resistance Kauai, HI, USA

Partaledis95 Partaledis JA, Yamaguchi K, Tisdale M, Blair EE, Falcione C, Maschera B, Myers RE,
Pazhanisamy S, Futer O, Cullinan AB, Stuver CM, Byrn RA, Livingston DJ., In vitro selection and
characterization of humanimmunodeficiency viru type 1 (HIV-1) isolates with reduced sensitivity to
hydroxyethylamino sulfonamide inhibitors of HIV-1 aspartyl proteas®irol, 699), 5228-5235,
1995, Medline: 95363927

Patick95 A. K. Patick, R. Rose, J. Greytok, C. M. Bechtold, M. A. Hermsmeier, P. T. Chen, J. C.
Barrish, R. Zahler, R. J. Colonno, P. F. Lin, Characterization of a human immunodeficiency virus
type 1 variant with reduced sensitivity to an aminodiol protease inhibitorirol, 69, 2148-52,
1995, Medline: 95190985

Patick96 A. K. Patick, H. Mo, M. Markowitz, K. Appelt, B. Wu, L. Musick, V. Kalish, S. Kaldor,
S. Reich, D. Ho, S. Webber, Antiviral and resistance studies of AG1343, an orally bioavailable
inhibitor of human immunodeficiency virus protease [published erratum appears in Antimicrob
Agents Chemother 1996 Jun;40(6):157&htimicrob Agents Chemothet0, 2927, 1996, Med-
line: 96431786

Patick97 A.K. Patick, D. Kuritzkes, V.A. Johnson, D. Shugarts, M. Bakhtiari, K.E. Potts, A.
Farnsworth, R. Anderson, J.L. Koel, J.D. Hazelwood, C.D. Nail, M. Duran, M. Markowitz, Ho
D. Richman D, Genotypic and phenotypic analyses of HIV-1 variants isolated from patients treated
with nelfinavir and other HIV-1 protease inhibitoiSixth International Workshop on HIV Drug
Resistance St. Petersburg, FL, USA

Patick98 Patick AK, Duran M, Cao Y, Shugarts D, Keller MR, Mazabel E, Knowles M, Chapman
S, Kuritzkes DR, Markowitz M, Genotypic and phenotypic characterization of human immunod-
eficiency virus type 1 variants isolated from patients treated with the protease inhibitor nelfinavir,
Antimicrob Agents Chemothet2(10), 2637—44, 1998, Medline: 98443459

Pelemans01 PelemansH, Esnouf R, Min KL, Parniak M, De Clercq E, Balzarini J., Mutations at amino
acid positions 63, 189, and 396 of human immunodeficiency virus type 1 reverse transcriptase (RT)
partially restore the DNA polymerase activity of a Trp229Tyr mutant Wiology., 287(1), 143-50,
2001, Medline: 11504549

Pelemans97 H. Pelemans, R. Esnouf, A. Dunkler, M.A. Parniak, A-M. Vandamme, A. Karlsson,
E. De Clercq, J-P. Kleim, J. Balzarini. , Characteristics of the Pro225His mutation in human
immunodeficiency virus type 1 (HIV-1) reverse transcriptase that appears under selective pressure
of dose-escalating quinoxaline treatment of HIV<1Virol, 71(11), 8195-8203, 1997, Medline:
98001335

Pelemans98 Pelemans H, Esnouf RM, Parniak MA, Vandamme AM, De Clercq E, Balzarini J., A
proline-to-hisitidine substitution at position 225 of human immunodeficiency virus type 1 (HIV-1)
reverse transcriptase (RT) sensitizes HIV-1 RT to BHAP U-901Esirnal of General Virology
796), 1347-52, 1998, Medline: 98295831

Pillay96 D. Pillay, M.L. Smidt, K.E. Potts, M.L. Bryant, D.D. Richman, In vitro selection of pro-
tease inhibitors resistant human immunodeficiency virus type 1 (HIV-1) strdihsty fourth
Interscience Conference on Antimicrobial Agents and Chemotherapy, Orlando, FL, USA

Potts94 Potts KE, Smidt ML, Stallings WC, Clare M, Pillay D, Richman DD, and Bryant ML, In vitro
selection and characterization of human immunodeficiency virus type 1 (HIV-1) variants with de-
creased sensitivity to hydroxyethylurea isostere containing protease inhibhars|nternational
Workshop on HIV Drug Resistance, Kauai, Hawaii, USA, 2-5 August, 1994. Abstract 4

Prasad91 V.R. Prasad, |. Lowy, T. de los Santos, L. Chiang, S. P. Goff, Isolation and characterization
of a dideoxyguanosine triphosphate- resistant mutant of human immunodeficiency virus reverse
transcriptaseRProc Natl Acad SidJ S A 88, 11363-7, 1991, Medline: 92107950

Rando99 R.F. Rando, D.L. Taylor, L.A. Kelly, L.A. Wood, A.S. Tyms, J.M. McCune, C.A. Stoddart,
and J. Dedard. , Anti-HIV activity, drug combination, and resistance studies of dOTC (BCH-10652).
, Second International Workshop on Salvage Therapy for HIV Infection, Toronto, Canada



References 179

Rao096 B.G.Rao, M.D. Dwyer, J.A. Thomson, C.T. Baker, D.D. Deininger, M.A. Murcko, R.D. Tung,
M.A. Navia, Kim E.E., Structural and modelling analysis of the basis of viral resistance to VX-478,
Fifth International Workshop on HIV Drug Resistance, Whistler, BC, Cana@@), 5228-5235

Richard00 Richard N, Salomon H, Rando R, Mansour T, Bowlin TL, Wainberg MA., Selection and
characterization of human immunodeficiency virus type 1 variants resistant to the (+) and (-) enan-
tiomers of 2’-deoxy-3'-oxa-4'-thio-5-fluorocytidineAntimicrobial Agents and Chemotherag¥,
1127-1131, 2000, Medline: 10770740

Richman91 D. Richman, C. K. Shih, I. Lowy, J. Rose, P. Prodanovich, S. Goff, J. Griffin, Human
immunodeficiency virus type 1 mutants resistant to nonnucleoside inhibitors of reverse transcriptase
arise in tissue cultureRroc Natl Acad SidJ S A 88, 11241-5, 1991, Medline: 92107925

Richman93 D. D. Richman, Resistance of clinical isolates of human immunodeficiency virus to
antiretroviral agentsAntimicrob Agents Chemothe37, 1207-13, 1993, Medline: 93319246

Richman94 D. D. Richman, D. Havlir, J. Corbeil, D. Looney, C. Ignacio, S. A. Spector, J. Sullivan,
S. Cheeseman, K. Barringer, D. Pauletti, et al, Nevirapine resistance mutations of human immun-
odeficiency virus type 1 selected during therapwjrol, 68, 1660—6, 1994, Medline: 94149857

Rimsky98 Rimsky LT, Shugars DC, Matthews TJ., Determinants of human immunodeficiency virus
type 1 resistance to gp41-derived inhibitor peptiddsVirol, 72(2), 986—993, 1998, Medline:
98105736

Rose94 B. Rose, J. Greytok, C. Bechtold, M. Alam, B. Terry, Gong Y.F. DeK. Vore, A. Patrick, R.
Colono, Lin P, Combination therapy with two protease inhibitors as an approach to antiviral therapy,
Third International Workshop on HIV Drug Resistance Kauai, HI, USA

RusconiO0 Rusconi S, La Seta Catamancio S, Citterio P, Kurtagic S, Violin M, Balotta C, Moroni M,
Galli M, d’Arminio-Monforte A., Susceptibility to PNU-140690 (Tipranavir) of human immun-
odeficiency virus type 1 isolates derived from patients with multidrug resistance to other protease
inhibitors.,Antimicrobial Agents and Chemotheragyl, 1328-1332, 2000, Medline: 10770770

Saag93 M. S. Saag, E. A. Emini, O. L. Laskin, J. Douglas, W. I. Lapidus, W. A. Schleif, R. J. Whitley,
C. Hildebrand, V. W. Byrnes, J. C. Kappes, et al, A short-term clinical evaluation of L-697,661,
a non-nucleoside inhibitor of HIV-1 reverse transcriptase. L-697,661 Working Grupngl J
Med 329 1065-72, 1993, Medline: 93382466

Schapiro96 J.M. Schapiro, Winters M.A. M. Vierra, H. Jacobsen, J. Mous, Merigan T.C., Resistance
mutations in patients receiving saquinavir: simultaneous appearance in lymph nodes, peripheral
blood mononuclears (PBM) and plasniéth International Workshop on HIV Drug Resistance
Whistler, BC, Canada

Schapiro97 J.M. Schapiro, M. Winters, J. Lawrence, J. Norris, T.C. Merigan, Clinical and geno-
typic cross-resistance between the protease inhibitors saquinavir and indanahilnternational
Workshop on HIV Drug Resistance, St. Petersburg, FL, USA

Schinazi93 R. F. Schinazi, R. M. Lloyd, M. H. Nguyen, D. L. Cannon, A. McMillan, N. llksoy, C.

K. Chu, D. C. Liotta, H. Z. Bazmi, J. W. Mellors, Characterization of human immunodeficiency
viruses resistant to oxathiolane-cytosine nucleosidegimicrob Agents Chemothe37, 875-81,
1993, Medline: 93263665

Schinazi95 R.F. Schinazi, R.M. Lloyd, McA. Millan, G. Gosselin, J.L. Imbach, Sommadossi J-P, De-
velopment of HIV-1 and SIV resistant f8L-2',3' -dideoxycytidine analogueBourth International
Workshop on HIV Drug Resistance Sardinia, Italy

Schinazi96 R.F. Schinazi, L. Stuyver, A. Wyseur, R.M. Lloyd, L. Hough, A. Rombout, R. Rossau, D.
Rimland, Proviral and plasma virus genotyping using a line probe assay in nucleoside treated HIV
infected Veterans Affairs patientSifth International Workshop on HIV Drug Resistance, Whistler,
BC, Canada

Schinazi97 R.F. Schinazi, L. Stuyver, A. Wyseur, R.M. Lloyd, Hough L. A. Rombout, R. Rossau, and
Rimland D, Genotypic characterization of HIV-1 variants isolated from AIDS patients treated with
adefovir dipivoxil (bis-POM PMEA) Sixth International Workshop on HIV Drug Resistance St.
Petersburg, FL, USA

REVEWS



2]
=
2
S
)
[0 d

180 References

Schmit96 J.C. Schmit, I. Vanderlinden, L. Ruiz, B. Clotet, P. Hermans, S. Sprecher, Arendt V. W.
Peetermans, T. Harrer, D. Vaira, J. Desmyter, E. De Clercq, A.M. Vandamme, Prevalence of multi-
drug resistance to dideoxynucleoside (ddN) analogues in patients on ddN combination therapy,
Fifth International Workshop on HIV Drug Resistance Whistler, BC, Canada

Schmit98 J. C. Schmit, K. Van Laethem, L. Ruiz, P. Hermans, S. Sprecher, A. Sonnerborg, M. Leal, T.
Harrer, B. Clotet, V. Arendt, E. Lissen, M. Witvrouw, J. Desmyter, E. De Clercq, A. M. Vandamme,
Multiple dideoxynucleoside analogue-resistant (MddNR) HIV-1 strains isolated from patients from
different European countrie8JDS, 12, 2007-15, 98, Medline: 99030034

Schols98 Schols D, Este JA, Cabrera C, Cabrera C, De Clercq E., T-cell-line-tropic human immun-
odeficiency virus type 1 that is made resistant to stromal cell derived factor 1a contains mutations
in envelope gp120 but does not show a switch in coreceptorisql, 72(5), 4032—-4037, 1998,
Medline: 98216769

Seki95 M. Seki, Y. Sadakata, S. Yuasa, M. Baba , Isolation and characterization of human immun-
odeficiency virus type-1 mutants resistant to the non-nucleoside reverse transcriptase inhibitor
MKC-442, Antiviral Chemistry and Chemotherap; 73-9

Shao95 Shao W, Smith T, Swanstrom R., Selection and analysis of HIV-1 variants with increased
resistance to SKF108842 and SKF108922, two protease inhibFotsth International Workshop
on HIV Drug Resistance, Sardinia, Italy, 6-9 July

Shaw94 G. Shaw, X. Wei, Johnson V, M. Taylor, J. Decker, M. Kilby, J. Lifson, B. Hahn, Saag
M, Nucleotide sequence analysis of HIV-1 RNA and DNA from plasma and PBMCs of patients
treated with ZDV, ddI and nevirapine: rapid turnover and resistance development ifrivd,
International Workshop on HIV Drug Resistance Kauai, HI, USA

Shirasaka95 T. Shirasaka, M. F. Kavlick, T. Ueno, W. Y. Gao, E. Kojima, M. L. Alcaide, S. Chokek-
ijchai, B. M. Roy, E. Arnold, R. Yarchoan, et al, Emergence of human immunodeficiency virus
type 1 variants with resistance to multiple dideoxynucleosides in patients receiving therapy with
dideoxynucleosidesRroc Natl Acad SidJ S A 92, 2398-402, 1995, Medline: 95199357

Slade93 D.E. Slade, C.L. Vavro, J.T. Stapelton, N. Swack, St Clair M.H., A cysteine at codon 215
of HIV RT confers resistance to ddGecond HIV Drug Resistance Workshop Noordwijk, The
Netherlands

Smidt97 M. L. Smidt, K. E. Potts, S. P. Tucker, L. Blystone, T. R. Stiebel, W. C. Stallings, J. J. McDon-
ald, D. Pillay, D. D. Richman, M. L. Bryant, A mutation in human immunodeficiency virus type 1
protease at position 88, located outside the active site, confers resistance to the hydroxyethylurea
inhibitor SC-55389A.Antimicrob Agents Chemothetl, 515-22, 1997, Medline: 97209043

Smith96 R. Smith, K. Remington, R. Lloyd, R. Schinazi, North T, Mutants of feline immunodeficiency
virus resistant to FTC and 3Third International Feline Retrovirus Research Symposium Ft.
Collins, CO, USA

Smith97 R. A. Smith, K. M. Remington, R. M. Lloyd, R. F. Schinazi, T. W. North, A novel Met-to-Thr
mutation in the YMDD motif of reverse transcriptase from feline immunodeficiency virus confers
resistance to oxathiolane nucleosiddsvjrol, 71, 2357-62, 1997, Medline: 97184570

Smith98 R.A.Smith, K. M. Remington, B. D. Preston, R. F. Schinazi, T. W. North, A novel point muta-
tion at position 156 of reverse transcriptase from feline immunodeficiency virus confers resistance
to the combination of (-)-beta-2’,3’-dideoxy-3'-thiacytidine and 3’-azido-3'-deoxythymidie.,
Virol, 72, 2335-40, 1998, Medline: 97184570

Smith99 Smith RA, Klarmann GJ, Stray KM, von Schwedler UK, Schinazi RF, Preston BD, North
TW., A new point mutation (P157S) in the reverse transcriptase of human immunodeficiency virus
type 1 confers low-level resistance to (-)-beta-2’,3’-dideoxy-3’-thiacytididetimicrobial Agents
and Chemotherapyt3, 2077-2080, 1999, Medline: 10428942

Staszewski96 S. Staszewski, V. Miller, S. Rehmet, T. Stark, J. De Cree, M. De Brabander, M. Peeters,
K. Andries, M. Moeremans, M. De Raeymaeker, G. Pearce, R. Van den Broeck, W. Verbiest, P.
Stoffels, Virological and immunological analysis of a triple combination pilot study with loviride,
lamivudine and zidovudine in HIV-1-infected patien&slDS 10, F1-7, 1996, Medline: 96314090

Staszewski96a S.Staszewski, V. Miller, A. Kober, R. Colebunders, B. Vandercam, J. Delescluse, N.
Clumeck, F. Van Wanzeele, M. De Brabander, J De Cree, M. Moeremans, K. Andries, C. Boucher,



References 181

P. Stoffels, P.A.J. Janssen, Evaluation of the efficacy and tolerance of RO18893, RO89439 (loviride)
and placebo in asymptomatic HIV-1-infected patieAtstiviral Therapy 1, 42-50

StClair9l M. H. St Clair, J. L. Martin, G. Tudor-Williams, M. C. Bach, C. L. Vavro, D. M. King, P.
Kellam, S. D. Kemp, B. A. Larder, Resistance to ddl and sensitivity to AZT induced by a mutation
in HIV-1 reverse transcriptaseScience253 1557-9, 1991, Medline: 91376665

Stuyver97 L. Stuyver, A. Wyseur, A. Rombout, J. Louwagie, T. Scarcez, C. Verhofstede, D. Rimland,
R. F. Schinazi, R. Rossau, Line probe assay for rapid detection of drug-selected mutations in the
human immunodeficiency virus type 1 reverse transcriptase gem@nicrob Agents Chemother
41, 284-91, 1997, Medline: 97173275

Swanstrom94 R. Swanstrom, T. Smith, S. Petit, D. Irlbeck, W. Shao, Wehbie R. R. Sawhney, L.
Everitt, Erickson I, Multiple sequence changes within HIV-1 protease confer reduced sensitivity to
a symmetric protease inhibitorhird International Workshop on HIV Drug Resistance Kauai, HI,
USA

Tachedjian95 G. Tachedjian, D. J. Hooker, A. D. Gurusinghe, H. Bazmi, N. J. Deacon, J. Mellors, C.
Birch, J. Mills, Characterisation of foscarnet-resistant strains of human immunodeficiency virus
type 1.,Virology, 212, 58-68, 1995, Medline: 95407116

Tachedjian96 G. Tachedjian, J. Mellors, H. Bazmi, C. Birch, J. Mills, Zidovudine resistance is sup-
pressed by mutations conferring resistance of human immunodeficiency virus type 1 to foscarnet.,
J Virol, 70, 7171-81, 1996, Medline: 96386614

Tachedjian98 G. Tachedjian, M. French, J. Mills, Coresistance to zidovudine and foscarnet is asso-
ciated with multiple mutations in the human immunodeficiency virus type 1 reverse transcriptase,
Antimicrob Agents Chemothet2, 3038-43, 98, Medline: 99013598

Tanaka97 M. Tanaka, R. V. Srinivas, T. Ueno, M. F. Kavlick, F. K. Hui, A. Fridland, J. S. Driscoll,
H. Mitsuya, In vitro induction of human immunodeficiency virus type 1 variants resistant to 2’-
beta-Fluoro-2’,3’-dideoxyadenosinéntimicrob Agents Chemothetl, 1313-8, 1997, Medline:
97316916

Tisdale93 M. Tisdale, S. D. Kemp, N. R. Parry, B. A. Larder, Rapid in vitro selection of human
immunodeficiency virus type 1 resistant to 3'-thiacytidine inhibitors due to a mutation in the
YMDD region of reverse transcriptas€roc Natl Acad ScU S A 90, 5653-6, 1993, Medline:
93296196

Tisdale94 M. Tisdale, R. Myers, N.R. Parry, N. Oliver, B. Machera, Blair E, Comprehensive anal-
ysis of HIV-1 variants individually selected for resistance to six HIV protease inhibildrisc
International Workshop on HIV Drug Resistance Kauai, HI, USA

Tisdale96 M. Tisdale, R. Myers, |. Najera, A. Kohli, Kemp S. and Larder B.A., Analysis of resis-
tance interactions with 141W94 (VX-478) and other HIV-1 protease inhibikdfts, International
Workshop on HIV Drug Resistance Whistler, BC, Cana8i®(9), 5228-5235

Tisdale97 M. Tisdale, T. Alnadaf, D. Cousens, Combination of mutations in human immunodeficiency
virus type 1 reverse transcriptase required for resistance to the carbocyclic nucleoside 1592U89.,
Antimicrob Agents Chemothetl, 1094-8, 1997, Medline: 97291261

Vandamme94 A. M. Vandamme, Z. Debyser, R. Pauwels, K. De Vreese, P. Goubau, M. Youle, B.
Gazzard, P. A. Stoffels, G. F. Cauwenbergh, J. Anne, et al, Characterization of HIV-1 strains isolated
from patients treated with TIBO R82912\DS Res Hum Retrovirusek), 39—-46, 1994, Medline:
94235372

Vandamme94a A.-M. Vandamme , Polymerase chain reaction (PCR) as a diagnostic tool in HIV
infection, Verhandelingen van de Koninklijke Academie voor Geneeskunde van,Bégi31—
265

Vandamme96 A-M.Vandamme, J.C. Schmit, J. Balzarini, K. Van Laethem, M. Witvrouw, P. Hermans,
S. Sprecher, J. Martinez-Picado, B. Clotet, W. Peetermans, J. Desmyter, E. De Clercq, Presence
of TSAO-resistant virus strains in non-experienced patiéiti International Workshop on HIV
Drug Resistance Whistler, BC, Canada

VanLaethem0O Van Laethem K, Schmit JC, Pelemans H, Balzarini J, Witvrouw M, Perez-Perez
MJ, Camarasa MJ, Esnouf RM, Aquaro S, Cenci A, Perno CF, Hermans P, Sprecher S,
Ruiz L, Clotet B, Van Wijngaerden E, Van Ranst M, Desmyter J, De Clercq E, Vandamme

REVEWS



2]
=
2
S
)
[0 d

182 References

AM., Presence of 2',5-Bis-O-(tert-butyldimethylsilyl)-3’-spiro-5"-(4"-amino-1",2"-oxathiole-
2",2"-dioxide) (TSAO)-resistant virus strains in TSAO-inexperienced HIV patie®tS Re-
search and Human Retrovirusds, 825-833, 2000, Medline: 10875608

VanRompay96 K. K. Van Rompay, J. M. Cherrington, M. L. Marthas, C. J. Berardi, A. S. Mu-
lato, A. Spinner, R. P. Tarara, D. R. Canfield, S. Telm, N. Bischofberger, N. C. Pedersen, 9-
[2-(Phosphonomethoxy)propylladenine therapy of established simian immunodeficiency virus in-
fection in infant rhesus macaqueéntimicrob Agents ChemothetO, 258691, 1996, Medline:
97070544

VanRompay97 Van Rompay KK, Greenier JL, Marthas ML, Otsyula MG, Tarara RP, Miller CJ, Ped-
ersen NC, A zidovudine-resistant simian immunodeficiency virus mutant with a Q151M mutation
in reverse transcriptase causes AIDS in newborn macadurisnicrob Agents Chemothetl,
278-83, 1997, Medline: 97173274

VanRompay97a K. Van Rompay, J. Cherrington, M. Marthas, E. Agatep, Z. Dehqanzada, P. Lamy,
C. Berardi, N. Bischofberger, N. Pedersen, Therapeutic efficacy of PMPA treatment for infant
macagues infected with PMPA-resistant simian immunodeficiency \Bixt International Work-
shop on HIV Drug Resistance St. Petersburg, FL, USA

Vasudevachari92 Vasudevachari MB, Battista C, Lane HC, Psallidopoulos MC, Zhao B, Cook J,
Palmer JR, Romero DL, Tarpley WG, Salzman NP, Prevention of the spread of HIV-1 infection
with nonnucleoside reverse transcriptase inhibitdiglogy, 190(1), 269-77 , 1992, Medline:
92410603

Vasudevachari96 M. B. Vasudevachari, Y. M. Zhang, H. Imamichi, T. Imamichi, J. Falloon, N. P.
Salzman, Emergence of protease inhibitor resistance mutations in human immunodeficiency virus
type 1 isolates from patients and rapid screening procedure for their dete&titimjcrob Agents
Chemother40, 2535-41, 1996, Medline: 97070533

Vrang93 L. Vrang, C. Rydergard, C. Ahgren, P. Engelhardt, M. Hogberg, N.G. Johansson, J. Kan-
gasmetsa, P. Lind, R. Noreen, C. Sahlberg, X. X. Zhou, A. Karlsson, C. Lopez, J.M. Morin, R.J.
Ternansky, F.W. Bell, C.L. Jordan, M.D. Kinnick, J.A. Palkowitz, C.A. Parrish, P. Pranc, R.T.
Vasileff, S.J. West, B.Oberg, Comparative rates of in vitro resistance development of HIV-1 to
non-nucleoside analog RT inhibitointiviral Res 20 (S1) 77

Wei02 Wei X, Decker JM, Liu H, Zhang Z, Arani RB, Kilby JM, Saag MS, Wu X, Shaw GM, Kappes
JC, Emergence of resistant human immunodeficiency virus type 1 in patients receiving fusion
inhibitor (T-20) monotherapyAntimicrob Agents Chemothet6(6), 1896—905, 2002, Medline:
12019106

Winslow95 D.L. Winslow, S. Garber, C. Reid, E. Anton, Otto M.J., DMP 450, a new cyclic urea
inhibitor of HIV protease with potent in vitro antiviral activiti£ighth International Conference
on Antiviral Research Santa Fe, NM, USA

Winslow96 D. L. Winslow, S. Garber, C. Reid, H. Scarnati, D. Baker, M. M. Rayner, E. D. Anton,
Selection conditions affect the evolution of specific mutations in the reverse transcriptase gene
associated with resistance to DMP 268DS 10, 1205-9 , 1996, Medline: 97037953

Winters97 M.A. Winters, J.M. Schapiro, J. Lawrence, Merigan T.C., Genotypic and phenotypic anal-
ysis of the protease gene in HIV-1-infected patients that failed long-term saquinavir therapy and
switched to other protease inhibito&ixth International Workshop on HIV Drug Resistance St.
Petersburg, FL, USA

Winters98 M. A. Winters, K. L. Coolley, Y. A. Girard, D. J. Levee, H. Hamdan, R. W. Shafer, D.
A. Katzenstein, T. C. Merigan, A 6-basepair insert in the reverse transcriptase gene of human
immunodeficiency virus type 1 confers resistance to multiple nucleoside inhiklt®ig) Invest
102 1769-75, 98, Medline: 99038179

Witvrouw98 Witvrouw M, Arranz ME, Pannecouque C, Declercq R, Jonckheere H, Schmit J-C,
Vandamme A-M, Diaz JA, Ingate ST, Desmyter J, Esnouf R, Van Meervelt L, Vega S, Balzarini J,
De Clercq E., 1,1,3-Trioxo-2H,4H-thieno[3,4-€][1,2,4]thiadiazine (TDD) derivatives: a new class
of nonnucleoside human immunodeficiency virus type 1 (HIV-1) reverse transcriptase inhibitors
with anti-HIV-1 activity.,Antimicrob Agents Chemothei2(3), 618—623, 1998, Medline: 98177121



References 183

Yang97 Yang SS, Pattabiraman N, Gussio R, Pallansch L, Buckheit RW Jr, Bader JP, Cross-resistance
analysis and molecular modeling of nonnucleoside reverse transcriptase inhibitors targeting drug-
resistance mutations in the reverse transcriptase of human immunodeficiencyhéwemiall
S3 89-92, 1997, Medline: 97353050

Yoshimura99 K. Yoshimura, R. Kato, K. Yusa, M. F. Kavlick, V. Maroun, A. Nguyen, T. Mimoto, T.
Ueno, M. Shintani, J. Falloon, H. Masur, H. Hayashi, J. Erickson, H. Mitsuya, JE-2147: a dipeptide
protease inhibitor (PI) that potently inhibits multi-Pl-resistant HI\Ptoc Natl Acad Sci U S A
96, 8675—80, 99, Medline: 99342077

Yoshimura99a Yoshimura K, Feldman R, Kodama E, Kavlick MF, Qiu YL, Zemlicka J, Mitsuya
H., In vitro induction of human immunodeficiency virus type 1 variants resistant to phospho-
ralaninate prodrugs of Z-methylenecyclopropane nucleoside analoganémicrobial Agents and
Chemotherapy3, 2479-2483, 1999, Medline: 10508028

Young95 S. D. Young, S. F. Britcher, L. O. Tran, L. S. Payne, W. C. Lumma, T. A. Lyle, J. R.
Huff, P. S. Anderson, D. B. Olsen, S. S. Carroll, et al, L-743, 726 (DMP-266): a novel, highly
potent nonnucleoside inhibitor of the human immunodeficiency virus type 1 reverse transcriptase.,
Antimicrob Agents Chemothed9, 2602-5, 1995, Medline: 96161265

Zhang94 D. Zhang, A. M. Caliendo, J. J. Eron, K. M. DeVore, J. C. Kaplan, M. S. Hirsch, R. T.
D’Aquila, Resistance to 2',3'-dideoxycytidine conferred by a mutation in codon 65 of the human
immunodeficiency virus type 1 reverse transcripta&atjmicrob Agents Chemothe38, 282—7,

1994, Medline: 94250001

Zhang95 H. Zhang, L. Vrang, K. Backbro, P. Lind, C. Sahlberg, T. Unge, B. Oberg, Inhibition of
human immunodeficiency virus type 1 wild-type and mutant reverse transcriptases by the phenyl
ethyl thiazolyl thiourea derivatives trovirdine and MSC-12&ntiviral Res 28, 331-42, 1995,
Medline: 96264013

Zhu96 V. Q. Zhu, K. M. Remington, T. W. North, Mutants of feline immunodeficiency virus resistant
to 2’,3'-dideoxy- 2’,3'-didehydrothymidineAntimicrob Agents Chemother983-, 1996, Medline:
97032819

Ziermann00 Ziermann R, Limoli K, Das K, Arnold E, Petropoulos CJ, Parkin NT., A mutation in
human immunodeficiency virus type 1 protease, N88S, that causes in vitro hypersensitivity to
amprenavir.,Journal of Virology 74, 4414-4419, 2000, Medline: 10756056

REVEWS



