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h t b e p s e o f ~ ~ t h e r a p y b e c o m e s m o r e w i d e s p r e a d ~ ~ i t i s ~ ~ ~  
M e m o l & ~ f i Q a a d s n ~ ~ o I d r n g ~ h n m m b ~ B  HW-Ih- 
f e c t i o a W e ~ m c e d a n d a n a l g z e d 3 5 r e v ~ ~ I R T ) a n d 4 3 p r o t e a s e ~ ~ s e q n ~ ~ 5 0  
therapnaive HIY-l-hfected Niprhs .  Phyhgenetic analyses of RT wdd that the predombut PSrrrses 
were CRFOZ4G (57%), mhbtgpe G (26%), m d  QWk-cpx (Ilk). Six of 35 (17%) in- harbored pri- 
mnq mrhticms for RT ~~ Wuding M4lL, V11& Yl88Ei, m and Y318F, and &o&y three 
afthe six wereid- with CRFM-ep% M o r e ,  CRFO6-cpx drag-mivehdhiduh bad ~ ~ ~ f l ~ m o r e  
dmg mistance mutations than the other @ = 0.011). By combining data on ~~ d m  
bias with the Muence of the differential genetic cost of mddom, we were able to predfct m e  mutatIms, 
which are likeIy to predominate by mbtgpe, under drug pmstm. Solne m-c p 0 l y 1 1 1 0 ~  oc- 
cwred within qitopes for H U  B7 and B36 h the RT, and BLA A2 and A*6802 in P& at positims impli- 
EBM £o immune evasion. Babced polymorphim was a h  o w  at predicted w&ne-tImmnine phagphw 
ryhtlon s b -  in the RT of subtype G v h s a ,  The d l y p q d i c  d m  usage and plymorphhm OM 
mgg& tbe involvement of d£fi&tial pathways for drng mhtmce and ha&&hn vfral e o n  fn ETV-1 
CRFWAG, srrbiype G, and CRFM-cpx, r x l m p x d  to rmbtgpe B. ~ n b w c  mpnm to 3IV therapy 
may have dgdirant conseqttences for &om to provide aectfve therapy to the popdatlms Mected 
b 3 e  m-1 mbtyp€s 

T" -ma~m ~ & ~ r d m & d h g C ~ n r  

. . ~ a t ~ ~ I W / A I D S ~ c . n l i s ~ -  
- - -&- 

the rwerse trammi* cmpc!f the rapid trmrover of viri- 
ons?.* - . . 

o f ~ , 5 a n d ~ y e i m m d o g i c  
~ b T o d a t e , 9 g a b t Y p t s a ~ i 1 6 d r c a l a t i n g ~  
f a r m ( C R F s ) h a v e b e c n b a i b d 7 X n N ~ ~ a o d b  
rope,tbtmo~tprevaltqtfarmisthe srrWppe B. Rowever,m 

w h  the distasG is the most pmw'non-B 
p' . ' '.,with Bn 9 SO- &many CRFs -'bad 
~ ? h e ~ I n w & A l k k t b e ~ ~ f ~  
i s C R R U A G . ~ y  m m  1994mKiRSirree 
fheqshadiLsimI*Nlg&msobjGctshave~~mb 

t y p ~ ( 3 8 n d v a r i 0 l l ~ f o r m p o f a ~ a f g t l b r y p t s A a u d  
G are grePalePt iP the cmq*9-12 

W ~ w e a f ~ y ~ w l m t i f f t m v i r a l d l a a p y  
~ T ) ~ g m i l y r t d u c e d ~ t y a n d m o r t a I i t y m m -  

~ - ~ I R T ) ~ d p r o t e a s e P ~ b t l o n g  
to thrae c b # + l u d e  adogne RT hll6'bitms (NRTfs), 
~ m T I s ~ ) . a q d ~ m i b i t o r s ~ ) . h l k m  
viral MV) tbqy b b m d o g l y  playing a major role in 
m ~ t k ~ c a s m m y ~ i n w h i c h i l c m - B  

a b d  haw mxntly a n m e n d  treammt po- 
~ 1 e 1 6 t R i t h m a r e ~ ~ h v i n g ~ m d m g s . T h e t e i $  
a & ~ ~ d a t a m f i t e c f b q o f A R V , e s p c c i a n y i n  
the trearme~t ofaon-B ~ O X L ~ .  

o n c o f ~ m a j a r ~ b e f f c e t i v e ~ i s ~ d s -  
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-CIHC DRUG RESIRbMCE IN NIGERIA 

vdopmmt of m5skmc mutatioebP to v m h s  rnihirmh1 
h g s . I t  khpmafiv~ t o ~ d i f m u ~ h ~ ~ l l t o c m -  
fmerrcsiPtancetoARVdmgs insnbtypt Binfcotim  would^ 
&registancetorm-B subtyp. Various andieshave de 
s a i i  $eno!@c and phenotypic re&hce in nm-wbtyp B 
infecti~18.'~ Most of &e studh &mibad the lrtck of major 
h g ~ ~ m s , b u t a h i g h p r e v d e n c e o f  
m m d q  mntatioas, althongh a mxat xtndy16 repoxted m- 
SidmbhwerlslpbetweensubtypeBrwistm~mWi~ll~and 
Imltatiol~s associMGd with at one nor-B Sl l tQp .  

Genetic v a o n  within the RT and PR may grmtly idh- 
~ v i r a l ~ c a t i o n m d f i l n e s s , a s w e l l a s ~ W t y t o  
h m s p y a n d t h e d m e l o p m m t o f d r u g ~ . a q I t k ~  
wivable that the w i b p a d  nst of A R V s  will e x g t  
laet ive~onthRTandPRandtbtthispress l lr twin 
e x p r e s ~ i $ e l f a 3 ~ m s d i f f e l i n g b y ~ u b t y p t . I t i s ~ ~  
gible that pmhthg polymophhs may h @ways 
t o d m g ~ c e . T h u p , i i i s ~ t m ~ ~ ~  
line gm&c variabiity of thts~ gaia, q w d l y  in nm-sub 
t y p e B v i r u s a p i u o r d e r t o e l ~ t h e ~ & d p  
btw#n immbiyp polymoqhims and r n t k t m h l  drug 
stwaptLwity. 

l b i S W y w a s ~ o u t t o ~ t h e m ~ ~ -  
v d t y  of W - I  PR and RT zaqneow in a Nigesian popnIa- 
h n , t o i d e n t i f y t h e ~ d r u g ~ ~ m u h t i o n s  
@RMs) and plpnqhbs h t  exist m a popuIatim of ARV- 
naive individual& 8nd to d c h e  s-c p&cms mi& 
peatid frmetinnal- . . 

MATERIALS AND METHODS 

~ A t D s P r e v e n t i o n I n i t i a t i v e m ~ ~ , a t t h e  
~ S e h o o l d P u b l i c ~ ~ b G e n s u p p o r t i n g c c r m -  
dty-based HN-1 surveillaoct in S& and hian, a town 
and city, Xeppectdy, in Oyo State, Nigeria sumy iden- 
tisea gabppuhiollg ag@g in high-risk m m  within 

t o t h e ~ t o f t h c n a t i o a a l A R V ~ p r o g r a m i n  
N ~ r t n d ~ v d e t h i c a l a B p P o P a l f r o m t h a I n ~ t i ~ o n a l b  
vkw B o d s  of both the Hamad S c h d  of Public Hedh a d  
the Uaivmity of h&dUniversity College Hospital, badan 

m e d f o i l o w i n g ~ ' '  l ~ H f t y b i g h - *  
W-I-hfeded subjects @msly Mamind by gag and a v  
gene a m p W & n  t0.h HZV-1 positive withont b w n  prim 
mlhml idw ~ s c l e d n d f o r 0 l e g n a l y s i s ~ ~  study. 

DNA mnpI1&atim rued sqwncirpg by PCR 

OJQ: S ' C A m A A l T I T A m G G - 3 ' .  OJS: 5'- 
mTGATAGGGWAAl 'TGG-3 ' ,  and 016: S'CCT- 
TCGTG-ACCCATG-3'. 

l%mm OJ1 and OJ2 waeused f o r f i r s t d  ampI5cation 
ofapmtionofthcplgeneencadingbothPRdthcp51RT 
regions. Primers OJ3 and OH were wed fop second m d  am- 
pljkation of the PR region, while OJ5 and OY6 were & to 
amplify the pS1RT region. Polymemc chain d o n  (KFt) 
d m  were d e d  out in a 100-pl volume &on mixture 
~ [ ~ ~ t m i q  1 pg of DNA, I X  PCR buffer II (Roche D i  
tics, Ah&, CA), 25 unit8 06 Tap polymerase (Applied 
B h y a m s ,  Foster City, CA), 03 mM of m h  a, 25mM 
M a .  Fa& d m  was subjead to 30 cycles of denam- 
tim (1 min at 94"C), annealing (1 min at 46°C and 4SaC, for 
the first and second round, m p d v d y ) ,  a d  exteasion (1 min 
at 72°C) followed by a W extension (10 min at 72°C). Won- 
i z a d w a t e a w a s 0 8 B d a s l b n e g a t i ~ ~ ~ 0 n t r O I f o r a l l ~  

~ ~ ~ m p m X B d b y 1 5 % a g a m e g d e l e c -  

wereso~ycloncdintothepCRZ.1 v a d a r ( T l A U ~ ,  
Invikogen, San Diego, CA). 'Zhe plasmid pqmdw for the 
doabbshmdd DNA qwn&g was p u f d  by allraliee 
ly& with silica calm (SNAP. Mini-Atp kc Invitmgen). 
' I h e ~ d ~ d p W d d R T @ w m S ~ ? -  
wd by dye - c y b  saqutndng osing Taq Ply- - (Petkin-- AppW Biosystem Divisim, Fmkr City. 
CA) and aa autamated s c q t m ~ e b  (ABI 377; --Elmer Ap- 
plies Biosystwn Ihiyhiop, F b h  City, CA). 

. Sequence analysis 

FOP an g d  RT and PR commus seqaences. a multi- 
ple aligmnent was mormad using Clustal X2$ Ref- se- 
quencesfromthtHIV~databageoftheLosAIamo5 
National Labmbry w m  included. We used the Moddiest 3.6 
prop@ to determine tbe qpmprkk likeliboodmodel by 
EomptrtiPgrheWreliboods~oreofa~mdervarioas~ 
l l g i p g t h e b i ~ ~ i a t i o t e s t s a l l d ~ ~ I n -  
formstion Crit&on (AIC). Of dl 56 dstiRttion mod& eval- 
utd, K8lnf + I + G was idcntifitd as the beprt fitting me for 
~PR~wWeTR+T+GwasthektmodelfortbeRT 
dab The ~ ~ o n  (Tin) d o s  and &tide 
substitution rate m & h  (Table 1) wac a h  evaluatd T ~ E  
parametersderived were t lm~inPAW*toobca in tkop  

- k?Qf 
- x h Z m  -&2ZEZE 
i ~ a s ~ o o t g p w g . ~ v a l ~ h m l o O i e s m p l i a g s  
n & g b e u M c ~ w i l h g i m p l e ~ s d d i t i o n z 8 w e r t c a E  
~ f c r r t h t d a E a T h t ~ w e r e ~ p s h i p p a d ~ ~  
m -01~8. 

The aligned Godrms were v h d l y  m q a d  amm subtypa 
t o i d e n t i f y b t h ~ m a n d n m w m n ~ ~ ~  
al wmy d o n  podion in h h  p51RT and PK genes. Nuclm 
t i d e ~ w g e ~ t o a m i n o a c i d ~ u s k g  
the MaChde 3.08~1 mfkwm.@ Dnrg d s t m e  &ans 
~RMs)midGnt i f idasdesa i in theS~ordHIVDrug  
Rcsishm h t a b w  ~I/biv3b.mofcde#). The whole 

andpS1RT were andm to identify p k n U  DRMs. 
polymwphisms at DICM ti&, and s n b t y p m c  -- 
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OJBSINA El' AL. 

-ww 
C m X u G  20 (57.1%) 21 (48.9%) 
Snbtypt G 9 (25.7%) 16 (371%) =-= 4 (11.4%) 5 (11.6%) 

2 (5.7%) 1 0.3%) 
P h y w m c e  

T m u s i l i ~ m i i a  43763 3.9352 
Best& ndclC OTRe1-t-G KSluf+I+G 
N ~ ~ ~ m a t d x  

A-C 21301 1.0000 
A-G 11.0303 4.8929 
A-T 1 . O M  03479 
C G  3 - 3 4  1 03479 
GT 14.1003 4.8929 
G-T 1.0000 1.0000 

= M a x h n m ~ ~ b y P A U P * .  
d dedvad nsing M d c b s t  3.6 p p m  
OGTR, ~ t i m t ~ K S l u f ,  nn8qual-hqnmy-*pamem L i u ~ ~ ~ ;  G , ~ ~ b U f i o D "  

-s m 11. The seqrtewmP 
l ~ a e q A m e a - - ( h e a v s r a g e m  
~ o f R T a n d P R ~ 4 . 3 8 r t n d 3 . % , ~ v e l y J T h e ~  
o f ~ m ~ o n w r a e C r r > C U A > > A I C > G I C >  
m > m f o r R T ~ C i l A = C r T ~ > A I C = w > > C i l C =  
AIT foe PR Crable I). 

T b t ~ P R a n d t h e X i z s t 1 3 2 0 b p d R T w m ~  
d d y m d T w o l ~ o f ~ a d d d i Y a % i q w m e x a m -  
M W o n  of & sPbtypt with- to W-I subtype 
B &'the level of dai iou within tacb spbtgpc. 

~ 2 ~ t h e a l i g m n s n t g o f ~ ~ a n d p 5 l R T  
smino &d a- for m G ,  G, aad 
cFm&cpx. m p u i ~ d y ,  w&bl wrr cohorZ CQmpma with 
s n b t y p t B ~ ~ . W l ~ t b t r n , h ~  
~ f o r ~ G , ~ G , ~ ~ - e p X d i f f e t c d  

Genetic divemity and subtrpe 

& n s o b t y p c ~ ~ i ~ i 2 ? ~ 3 2 , a n d 2 9 p i t i & ~  
M y .  w m  the PR. - seqmlm foa m A G ,  

G, & CRRX-cpx difi6ered h m  subtype B in 7.10. . . W I a d h m a S m k -  
m t h e ~ Q b a d t b t a m i n o a c i d P Q K , B ~ I s t p i -  
~35.57,67.d&2.~prrttemwasmt8eminanyotba - 

T h e d t ~ ~ ~ a d d ~ o n w i r h i n a c h s o b t g p e ~ a s  
a l s o ~ b y i ~ p s i t i o n s ~ w h i c h t h e c w t s e n r w s  
amino aEidfmtfiesubtppewanmtconswvedWithhp51RT, 
them m 121 W3%1 sgd 76 (173%) pdiw3 
a m o o g t h e c R m A O a r r d ~ G ~ ~ .  
Tbis dimeam ce w a s 7  si"*nt (two.- p <  
ornu. wm PR abexe t ~ a e  22 m m ~  - w- 
~ ~ d x ~ C i ~ w h i l e t h e s n b t y p e C f ~ ~ -  

had 14 (14.1%) m. IIhis di&sr- 
--not- -(twpmiI&p= 0.197). 
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SvB-c DRUG REsm!ANa IN NIGERIA 

PTG.1. ~ ~ o o d i ~ m f w r e v e r s e ~  ( a ) ~ ~ @ ) ~ ~ 3 5 R T a u d 4 3 P R s e q o e n c e s  
wwe each aligned witb a set of 32 &mice q m n m  from A-J a d  CRFsOl. M, and 06. The alignments were done 
by UUSTAL X and the M d e h i t  3.6 p r o p  and PAUP (S- 2001) wea used in tandem ta d e k r m b  appropri- 
e t e ~ ~ m o d e l b y ~ t h e ~ a ~ o r e o f a ~ o n d e r v a r i o o 8 ~ ~ t h e ~ I ~ l i h d ~ t t s t s  
and the Ahke Infondion -on (AIC). Of all mbsriootion models maluakd, Kgluf + I + G was idmaad as the best B- 
tiagc~lefmthePR~wbiltGTR+I+Gwastbeb&~for~RTdataThe~~-~~onrati~were " '.I 
as4.38and3~fforRTand~~vely.Baats~v~from100~lrsing~ssareheswIth~etaxm 
&tion were calculated for the only vahs  of >80 ue i p d i d  -2 was the mtgmq. Tim study scpmes arc in 
bowa&c. 

an ave~agt m n ~  mrmber of 1.32 (mnge: &3). Iu-, 
~ - ~ p x s e q m w b a d a b i g b e s u v q p n u m b e a a f ~ -  
tiom (2.25 mms 0.6 and 0.63) than and 
G , ~ v d y ( ~ t a i l d p < O . O O l  withBo&mni- 
timt), 

lPrimary drug =&om am found at five 
RT gitGs (M41L, VII8I. YI88H. P236L. Y3lSF), sewdary 
mutations at two sites Cy179E. RZllK), and plymorpbisms 
at thrce pmi.msy c b a e r i d  for drug reskmce 
vble 2). T b  d o n  M41L was found m fhm s m p h  
while &e ' b n h y  NRII muMan, R211K was observed 
in 1 7 o f 3 5 q u a m .  Wefotmdtwopolynmphmm (LalOQ 

i - 
k 

and T215A) at lmown drug mistance positions. 
lbmc are distinct from d b b e d  resistance mpcatitms at 
h e  sites. Xn all, 6 (17.1%) of 35 RT samples harbnred 

mutations for NfiTXs and NNRTts. No- 
rn W . q f  *=indivl.fi&..B!+! - with *.. 
th& dusked with CWiE-cpx in th RT. Interestingly, three 
of the fom CFSO-cpx RT s a q h  harbored 
DRMs, campad w i ~  11% of the other mknts combined 
cp = 0.011) 

~ m w e r e ~ i n a l l o f t h e P R ~ , w i h h a n  
average muwion mnnber of 272 (range: 24) .  No @ary 
D R M s w m o b g e r v a d H ~ , ~ D W w ~ o B  
~ i n a I l 4 3 P R q u e n e a s . ~ ~ P K ~  
mumimi (LIIIUV, M36L U3P) w e  detected pale 2). A 
plymoaphismatshawn@mq "' fsitcW8Wwas 
f o m a d i n a J I ~ Q m m p h w h i l e s p o ~ a t a  
k n o w n ~ d a r y m u t a t i ~ ~ ~ ~ a l s o f o r m d i n a l l  
gampI.e8* 
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HSPH No. - Mutation' 

DDJ 166 
DDJ 013 
DDJ 025 
DDJ (68 
DDJ 071 
DDJ 072 
DDJ 075 
DD3 078 
DDJ 102 
DDJ 118 
DDJ 125 
DDJ 133 
DDJ 1% 
DDJ 164 
DDJ 171 
DDJ 174 
DDJ 177 
DDJ 192 
DDJ 267 
DDJ 274 
DDJ 277 

Dnr Iy 
DDJ 135 
DDJ I37 
DDJ 140 
DDS 168 
Dm 172 
DDJ 179 
DDI 190 
DDI 278 

rmd s u b ~ - s p @ ~  d o n  usage 

W e ~ t h a t ~ c c o d o p ~ w o u l d  - . d i v w g t r u m ~ d ~ a y s f m d r u g ~  and 

h t l m t h ~ ~ G a n d ~ C i w o o l d h a v e n n i q u e ~  
t y@epht  synonymous mutations that would id- 
p & w a y s o f d m l o @ g r e s i s t r m c a ~ w a p a o ~  
~ o f ~ y n ~ n ~ m u t a t i o n s ~ D ~ ~ b y &  
QF 

W t p e d f w m e d a c d o & y ~ o o m p h o f i k i ~  
t i d t q u m x e s o f t h e s n b t y p G B c o n s g l s o s t o t b t ~ *  
w c e s  of ClWZAG, ~ 1 -  G, and m - c p x  samples 
o f o u r ~ i n b o t h P R a n d R T i n o r d e r t o d e t e c t ~  
~ ~ ~ . w e o b s e m d m a n y ~ k o f d i f f a m t i a l  
c o d r m u s a g e b y ~ d y a t p o s i t i ~ l ~ ~ t h a t d o m t h a v e  
a n y p m i 0 ~ s I y I y d t s c r i b e d D W . ~ 3 ~ e x a t x l p l e s o f  
h o w m d O n b i a p . b y 6 Q ~ a t D R M ~ ~ P R d R T ,  
~ a f f e c t i h c r a t e d ~ q o f d m g ~ d e v t l P p -  
mmtAtposition10inPR,lencbis~fardiff~y 
inm&ypGmdCRHKLAGbytht&CTAandITA 
H v d y .  W on h i s  d iEada l  d o n  w g e  far ltncim 
a ~ ~ d l ~ h ~ E d h g t h a t C - A & T - G ~ ~ ~ m o ~ e  
~ i h a u c G a n d T - A ~ ~ & k l ) , ~ v ~ -  

win prefercntiany dewlop Lltlw a d  LIOV muwims. re- 
@*, * dnrg prewrc. Simkiy,  at won V179 in 
RT, mbtypt G and CRFOZAG virusw ntilize the d m  GTG 
to gloode valine mdmm M y  to develop V179M and V179B 
d o n s ,  whereap subaype B m biased tmd VI791 
and V179D mukhm. Similar d%An ofcodon bias by wbtgpG 
atDRMsiteS a r e ~ a t ~ p o ~ ~ y L 7 4 a n d  
U ~ O ~ U R T ~ ~ G ~ ~ ~ P R .  

B a d o n a r e e e n t r e p o r t t b t s o m t p o t e n t i a l p h ~ ~  
& i n R T w e r e ~ i n $ u b t y p e s & & d D M ~ i n  
subtype C squen~e8?~ we p i u W d  that there wwld bc dif- 
~ m h n r r m f r e r m d ~ f o r ~ h r n g b h b y ~  
typ. WethefffortadykedthtPRandp51RTfm~'blt~a- 
h e - h w m h  phphofylatiw sites b s d  on pmrioasly 
~ ' b e d ~ o r y ~ m o c i f s f o r b r l A P k i a a s e , ~ ~ -  
n a s e l I , ~ p r o t e i n ~ A , Q a n 8 C . W e ~ p r c d i c t G d t h c  
l i k e l i h o o a o f ~ o r g ~ ~ t h e N e ~ ~ p r 0 -  

W i t h -  pllm$t@ation motifs. b ldngxy,  

~ t h e ~ d a ~ ~ l a t i m s i t e w h i l e a Q 3 9 4 R  
p o - i n a l l h q m a e a t e d a p r o t e i n -  

site (as pdkkd by N e t F b ~ q  af dmanh 397 
m. 2). UNIV
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mTW&WEQHC DRUG RESISTANCE M NIGERIA 
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a ......*................. Q.. 1.. ....*.......................*........... Dm....... .................... .....*..*. 
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for T - h d p  and an- m. H-, with tlm RT, 
wefQUgd~~leukocpteantigenIHLA)B35epitopes 
P-PLD-, r n n n Q Y ,  and IPt-x d one 
fak MA 3 7  (SPAJFQSSM), within which 
p o ) ~ h k m s m x i r a t p & b m s t h a t b a d k ~  
shorn ' ' l Iytyrnbavtimrmmcsseapt~ts~2) ,  
w1,thin &pmwe, a n A * 6 8 0 2 e p i t o p t ~ h -  
b o r e d p l ~ i n a t I m u q h , t R h i l e t f i e A 2 ~  
VLVGPTNM cDntains a V82I f lymoqhhn in all d t y p  
G m. 2). 

A l ~ t h e p o l g e n e i s t b e m o s t d r e g i o m o f  
w-1, with a vatiation of -10%,'3 it -possesses smcient 
variability to allow f o r p h y l o g e d c ~ ~ f l . ~ ~  mls, we 
p f o m d  phylogewk dm of wrr RT and PR 
f a r s n w y p i n g m i u g e -  m m o d e l s . W e  
obtaild uam5ti-t - ~) ra t ios fmRTdPRd 
438snd3.94. These* a r e w t h m *  a~-TiTv 
ratio of 1-42 clodbed for the en* W region,= a d  may 
b t ~ 9 s ~ ~ T b e b m d y s e s d R T a n d m t  
qma.'~he~omplexdi~tyof~l~~lvirtls~sin~ig& 
i s ~ ~ ~ ~ ~ A G i s ~ a m a -  

jar rn- in m, as previon~li reprG,lbl2  + 
0 aud CRFW-qx +s& appear to be i h r m i q  kprme- 
k 

W t f o n n d a s i ~ d c g r c c o f ~ a n d ~  
D R M s i m t b e R T a n d P R , # w d l a s ~ ~ a t p i -  
h s  d p v i m I y  &mme&d m-resimnt mntations. SK 
( 1 7 ~ ) o f 3 5 R T s a q o e m x s ~ p r i m a r y ~ ~ T X n r m -  
tatim, iddbg M41L Vllsl, Y188K P236L a d  Y3lgf. 
Thisk~afhhighfaradrug-~iwoobortbut i t i s~oatby 
& h a I f t h e ~ ~ & d m g - n a i P ~ D R M ~ ~ C R F O - ~  
O m f i a d i n g S s a g g e 3 t t h e ~ t h M ~ - ~ ~  
~ m o r e d m g ~ ~ ~ o n s ~ d m g ~ m -  
diviW. Howeyer, it k p s i &  &at idhidmb with h 
D R M s w e r t i n f c & d w i t l l d m g ~ m ~ ~ l y f r a m  
i n d i v i ~ n ~ ~ t O ~ , o r o r ~ g u b o p t i m a l V ~ g -  
~ . Indcad , theDRMso~mourCRlV-cpxsamp1Es  
w e r e m t o b s a v e d i n t h e r e f e r e n c e ~ o n ~ ~ ~  
~ I n a d d i r i c m , r h e & u g - d v e s t a m s w s s ~ ~  
d i t h ~ I J l e t h a t t h e ~ o f ~ a e l f - ~ o o n l d b e  
~ t o ~ ~ . ~ ~ ~ ~ m - q x  
a n d d r u g ~ i s ~ w t I I ~ a n d f n r t h e s m ~ t &  
tigjatcmisiraqnircd. 

Themmtmmmm inRT~L214P(83%}an d  
RZllK (4%). REV~MLP studies from tfiG west - reginn 
~ h t ~ ~ w i t h R T m u t & o m , R 2 1 1 g .  U14F, 
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OJESYNA ET AL. 

at p h m  L10 in PR (a) d ~ 1 7 6  in RT-@) are &own, 'Ihe 
w i l d - t y p e a m i a o ~ a r e ~ t R i t h i n ~ ~ 6  
m u m  amino acids are cndOged with ovals. pdic td  A- 
a t i V e a b P n d a m F e a f ~ ~ ~ b o t b s i a e Q f t h e  
w a t 7 h e ~ d m b i a s i s ~ ~ j s d j a o e P t t o ~  
~ ~ C o d D n ~ w u 3 E - '  ' l&mncmsUmu* 
~ f m m o u r ~ m d s u b Q p c B w n s t p s u s . T h e t h i c k -  
~ O f t h G ~ ~ t b ~ a f ~ t i o a T b c r m -  
cleofide wrb&uthl m&iA data h PR (WAX w >> 
A / C = ~ V > G / I : = ~ i s u t i l h d b f ~ ~ b r o a d  
~ T b e m o s l l i k d y  mbdmthm (GIAmdCfIlarerepra- 
s e a t a d b y b o l d ~ s , a a d r h t I m t ~ ~ m t i ~ ( 1 V 1 :  
a n d w c ) b y w o w s W i t h l m k n ~ . T h t '  -Wel 

. ~ o m ( A I C a u d W I ' ) ~ d e p i a e d w i t b @ ~  
~ . A * ~ i k I r G B d f o r ] R T ~ o n t h t ~  
I%C>GIA >> AIC>OIC>Nr>m. CRm-AGmd 
g u b t y p t G v i m g e s a r e @ a c d o o ~ y ~ o p L l O V  
and LlOL muMions. mqmfively. in PR (a). Both vmbb are 
p d d d  to pr8fqmUy V179Rd a@ V179E ph- 
t i o n s i n R T ( b ) , ~ s o b t r p e B ~ w i n d t v t h o p V I 7 9 1  
~ v ~ m ~ ~ ~ l g m r d e r d r o g ~  

I13!W, a d  UlOM, atso damMmkd photqpk n s k t E m L 1 7  
T b c R Z 1 1 K m  was a h  f d  in a majodty of drug-* 
~ w i t h s a b t y p c C h k t i m . p T b t ~ a n d M 3 6 1 s c c r -  
o n d a r y P X m u t 8 t i ~ w e r e f w m d i n a T 1 ~ ~ o f  
9 t l b q p e , t R h i l c a l l * ~ G * ~ * V 8 2 l p o l y -  
~ m t b e T S l T h w r e d a t a m i s c m m m f o r d f i n s  
anddvag=d=mpyregimPar,4ich~y&Ph,d-  

h d ~ g d l c p a t h t o d l u g ~ c e . D m e l ~ f  o f h g  
~ i s d e p e n d e n t l l p o a k ~ o f v i r a l ~ Q n d m -  
I n g t h e r a p y , t h e t ~ & e a f ~ a ~ ~ r n c r r p e t  
a f ~ a n $ a t r d t b e ~ o f m n t a i i ~ n ~ m d n l g ~ ~  
i @ d v i r a l ~ . ~ D u e m i h c d e ~ o f t h e g e a s t i c  
c o a t , i t i s p s i b k f o r ~ ~ w e l e o t i d e ~ o m h a ~ y  
~ c o d o n t o ~ t i n s y n ~ a r ~  
m m a t i o n s H o w c v r x , i t i s ~ p o s s i M e t h a t € m t ~ d  
p t t m y ~ w i n b t ~ b p d i f f ~ ~ n t ~ ~ i f i f ~  
e a d e t b e M m e a m i n o ~ . T b i s ~ t i ~ g l s h i p b G t w e c ~ ~ ~  
t f r a t s @ f y t b e s a m c a m i g o a e i d , b n t c a n ~ e ~  
p a a e r n o f a u t h o ~ s l l b s t i t r r t i o n b y a ~ ~ c h s n g e ,  

-w b- @ ~ y r n ~ - ~  
mous~wi t lhIhev imsmaydic ta&di f f emtmnta-  
t i d ~ w a y s , w h i d i m a y h a v e ~ m t h c ~ ~  
O f Q l l g r e g i S t a a c t a n d ~ ~ b n h e i m m r m e ~ .  
T b i s ~ m ~ b e G n d t s c r S s e d i n ~ ~ - a n d  
i s ~ ~ f o r t h e ~ t b a t d l C V 1 ~ ~  
is more COmmnIy awmkkd WiIh  dti-NNRTI * 
withsPbtypeCbotnotwitbmbtypGBiufdon- 

B y m m b h b g E o d o n W s d a t a a n d t h e ~ d t h e d i f -  
~ ~ c w t o f ~ w e w e r c a b l e t o p d i a m u -  
~ o n 8 t J l B t ~ ~ y t o ~ b y ~ l m d t r d I l i g  
~ . ~ 3 ~ t w o w a m p l e s o f m ~ p d i c  
~ d i f F c r m m i n t h i s p m d y , a n d o l ~ ~ o m o f b w v t h e y  
m a y i ~ ~ m d ~ t o d e v ~ t d h g ~  
m c e . I n P R ~ O a n d w b q p C f ~ ~ d Z f ~  
~ y ~ ~ y t p d w e l o p L l O V d L l O I b g r e g i s t a n e e  
~ ~ y J l a R T , b o t h s u b t y p e G a u d ~ G  
a r e p r P d i s p o s e a i o ~ V 1 7 9 M a n d V l T 9 E ~ i n  . _. .I 

conf to W79l and Vl79.D muaims in snbtypt B. 
~ n ~ y . r e c s n t d a t a f r o a n ~ ~ a l ? ~ ~ E G g o I t s  
h m a g l o b a l m ~ s t n d y m ~ ~ W y p e B ~  
mrrtatioms,snpportompredicdoms.Thest&idly~~t 
tlle4ltmcnt " ' ' " at~ti0111OiDPRforsnbtype 
Ct and CRHKAG w m  UOV and LIOI, mppectivtly. L i b  
* t h e ~ y ~ ~ ~ d ~ a s  
a t ~ t i o n I 7 9 h R T f m ~ G a m d ~ A G w m  
V179M z d  V1798 wfrile V179X and V179D rn cmmgon)y 
w a i a w i b t y p e B i n f o c t i o a U u t m e t a l . ~ ~ d m b k  
o v e & p ~ m ~ B ~ ~ ~ B m d ~ ~  

with at least one nm-B -&I6 and somt rdinicat 
~ ~ W ~ d o m t a € W r e s p D n s s t o  
HAART in 3 infGEtim~~~i~~ Howepw, based m 
0llr data, the possi~y that mbtypf@f ic  qnasi- 
~ ~ w a g e m a y h v t b i ~ ~ c , g t p a t g p i e ,  
a t ~ i m p P " ~ ~ t o , ~ d t y O f ~  

canaotbtmaadonl. 
Tbc-tieo O f R T a n d P R a t e ~ b y p h o s p h y l a -  

h 4 - h t  the p h p k y I ~ a n  sites an RT haw not bsm de 
s c n ' b e d . T h e r e w ~ v a r i s t i o n m t h e p i t i ~ ~ ~ d ~ ~ -  
j m - ~ ~ l a t i o n s h i n & e R T d P R h y  
m l q p , ~ t h e r e w e x e B c I p a l X l l r m b e E g o f ~ i n t h e ~  
SO-. htbeRT, su-G sequwcesla&da@ietsd 
-lation i i k  (hat was m gUbtypG B and 
C R H G ! ~ G d n e t o a ~ 8 6 V f l p o l , ~ i s m .  Howem, am- 
~ s h ~ w a s a k n t m t b e o t h p r ~ w a s p r t  
diedin-Gbecaase ofa Q394Rpalymqhim This 
~ ~ ~ I f i a t & ~ v e ~ . ~ ~ l u m -  
b e r o f ~ ~ B i t e s m a p & m g e , o r b t l k e m a y b e  
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s w f f n e ~ a f ~ p d p m @ a n a t p l a y t o m s l l ~ e O p t i -  
m a l ~ ~ v i q . l t ~ t o b G 8 e t n i f ~ ~ m  
w i l l h a v e ~ t f f c e t o n ~ o n t G o m t 5 . '  

P o l ~ c Q l b e d d e d w i t h i n C n m d T ~ ~  
h a v e b e w d e s a i f o r o t h e t $ ~ ~ ~ ~ W e f o m d g t i b t v D s  
~ p o ~ i n R T w i t h i n ~ f a r H L A B 7 a u d  
B35 (Fig. 21, which, intme&gly, have a v e l y  bi& alltlic 
-(11% and 7%,+vety)mcfre Solrtbernpartof 
N i g a i a " ~ 0 u r ~ o n s  ~ e a h w p x w i o u d y  dmm&atd 
~ t h t C I ' L ~ i s a b r o g a k d w i t b t b e S 1 6 Z A m n t a t i ~ n  
i n ~ A M ~ ~ ' I h i 9 ~ i s f o u u d i n a  
rnajorityofCRFV2~GvimstswiW~B7cpitopt.Kawana 
c t a l . ~ w c d t # ~ a f H U B 3 5 ' ~ ~ b n t ~ y  10% 
of HLA B35' individuals had NPDlVrYQY peppides with Lbe 
D177E mh&tdioil in h l b e  peptides had d u d  
bindingaErdytoB35 and t h e D 1 7 7 E ~ m f f y b e a o  
~ s c s p e ~ 9 5 % o f a I 1 w r ~ l e 6 h a d t b i s ~ I n  
addition, tk V179I &&utim in ih NPDXVIYQY qiiqc 
hasbeenrepoaedmradnctB35~0arandbindingaf6m 
i ~ 1 ~ m R T p o s i t i ~ 1 7 9 i s l i k e l y t o ~ r m d e r ~ ~  
~ f m m ~ ~ t h m p y ~ ' c e l l - ~ ~  
~WidtinPR.posit ionV82in~A2epitPpeVLVG- 
PTPYNIwasrlmmnPtrntrrltobtmdmdualimrmmtaddrng 
-"all ourmbtypeG qnmces have aV821polymor- 
phism. The A*6802 +tape DTVIBDIWL in PR is d d e d  
to bt a %&ant cpitope" beccmse it was paedmdaDy r e a ~  
five in bigtrly exposed bit petgistartly semegative wcma3 
H o w e v e r 1 ~ ~ e p i t o p e i s n o i f o r m d m C l W 2 a m d s u b  
typeo=@=- 

E W - l w b t y p e s a r e ~ m ~ ~  
regions of t l s e w c d d 5 4 m d ~ ~ h a v t ~ ~ ~  
bias." It is cmmivab1,e w d t y p p & c  palymmphhs 
ewithinCTLandT-hdpqitopegforHLAprooeinsshM 
~ o w r m w i n t k n g i o m ~ t h w e s u b t y p c s ~  ' ' ' 
HLA B35 and B7 oew at BimiIarly high ltveLP in whitesp756 
a u d h a v e ~ a s g o c i a t e d t R i t h j l l ~ ~ o f d i m 3 e p  ' 

& a n H n d b i g b v i r a l b a d s , ~ v d y . 5 1 ~ W e ~  
tht&rtlativclyhigh-jdb-Within~ar- 
i ~ p o p u l a t i o m ~ ~ ~ t o t h e ~ d v e ~ ~ l e a d  
t ~ t k e ~ t o f ~ ~ v ~ w b i c h ~ p r -  
g i g t i n t h e ~ ~ . F o r ~ F & . 2 s h o w d l t h s t m m e  
d i ~ ~ ~ o c c l ~ s w i t h i n 3 3 S ~ . I t i s a t s O  
~ ~ ~ i n H L A ~ e 8 b t t w e e n ~  
tionswtltdbute btbisp-ioa *data-& 
h ~ w ~ s n ~ p o l y m o r p h i s m s m a y b e  
i m m ; r m e € s a p ~ t h a t b a v e p s i l 3 t d i n t h e ~  
w ~ ~ ~ 8 n d u u M y p E x ~  

T h e d e w e r e d ~ d m i n g ~ ~ y , i n c l ~  
rhe failure of proviral DNA 8mpmFation of gomt smpe8. 
M o m  a p & d a I  somcc of bias. 'Ihip may have resulted &om 
a l y p a ~ a t p r h n e r ~ w l o w ~ I ~ I I b e s e  
~ ~ ~ a s p a r t d a l a r g g s n m y d ~ F a -  
Eewzintbecmmmnity,andviral~atd(=DQ&' ' "ons 
were part of thB original stedy protml. DNA prmicral 
~ r a t b g t h m R T - P C R ~ ~ n ~ f o r ~ a d y ~ b -  
~ ~ ~ l e s ~ l e w e r e ~ * f c K ~ ~  
m-mhastbsadvantagsofd!eEchgviralqolfsispscies~ 
~ w m o s t ~ y ~ ~ b y ~ , w ~ ~  
DNAdoningisk " ' l h & t e d i n g & v e d ~ . * s s  
I t w d d b s ~ t o c o m p a r t ~ ~ o f ~ ~  

~ ~ ~ f u t m ~ b ~ d j t ~ . ~ t t t b m ~ ~ ~ o n s ,  
t h h d s e t a f ~ ~ a ~ ~ o f ~ i n  
&e largep. tpidmhlogical M y  (Smhk et al, in 
pqmtim] and ttte dshm data obtainad save as a3id 
~ i n f a r m a t i o n f o e p h m i n g ~ r e g i m m .  

I n ~ , w e a a a l y z e d t h c P R a n d R T n u e l e O t i d t d  
amino acid s q m c ~  in aoWmvid-nsivc Migaians. All PR 
~ ~ h a d ~ ~ a n d  17%oftheRTsb 
qlmlccs had primary NRTmmTI rrmtatim. we a h  dgp 
~ W m - I m A G a n d B n b t y p e C r * ~  
~ g p o n ~ c o d o n s , ~ i n ~ w i t h o m a n -  
~or~spWypeB,hencod ingaminoac i&andb~di s -  
iinct fmctid mliik that may influam div- pafhways 
t o d m g ~ ~ ~ d s u s u g g e s t t h e ~ ~ t h a t m b  
t y p c - ~ p o l ~ ~ a r o s e i n p ~ i r t ~ ~  
~ . ~ h d i Q p ~ ~ ~ d ~  
c t s o f m s a p l i b i h y t o ~ ~  
and immnnt mpm. 

SEQUENCE DATA 

T h i s ~ w a s B o p p o a t d t r p t h e A I D S ~ o n ~ W y c  
in N@ (m, a project b a d  at tho W a c v d  School d 
P P b l i c ~ a n d ~ b y d m B i n a n d E A e l i n d a ~ ~  
d a t i m A l O i # a n A P I N F e l l m . ~ ~ ~ ~ U n i -  
' d t y  of I b d W U ~ M t y  Cokge Hospital. Ibadan. and all 
ik snbj~cts who pdcipated in the s&y. 
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m m f s i i & a c t i v c ~ t b e r a p y i n i 5 i a t r o e : A u l ~  
fOn0w-q m. AIDS aOD2;1&13s1370. 

16. g r r a t r r r R . ~ D A , ~ B , b t d : ~ d ~ - 1  
t y p t a o d ~ ~ o n ~ d m m 8 ~  
g s a g m o t y p e : R a u h D T a ~ ~  . . - W M s d  
200S~e112 

a. ~ ~ ~ c a n t a + ~ b s l , ~ ~ ~ k p  
m s e d ~ ~ a t l d ~ d m g  -of 
H [ V - l ~ ~ G ~ f r o m p h t u w i [ h n o p d o r  
m e d ~ ~ m A b i d j m , ~ d T ~ J A q u k h  

2MY);34:111-113. 
l & ~ ~ G , ~ P , l ~ ~ L . f r m g S . ~  

3 8 , d E d l h l m S H : ~ d H m ~ I ~ a d m  
v s n w ~ i n ~ d m g - n a i v e U g d m ~  
A D S  RFb HUrnRMmVbw a000;t&W-813. 

19. ~ M , D b ~ T , B i & q K , c l d . : M & m k c h a t s d g i  
~ o f k t m m b m d & & R q v i m s t j g e 1 ~ C v i r u s a s  
~ ~ ~ N ~ S o * h ~ ~ f o r ~ a n d  
aatbcaovirPr d J V i i  2003,77~-2599. 

20. I - ~ & ~ R , ~ Y K S ~ O ~ P , ~ & L : ~ ~ - I ~  
ia--zsm- 

b W w I t h e a b t y p t C H I V - 1 . A I D B b h -  
a;19:151-16[R 

2 1 . ~ c & p F A , ~ P , ~ M a l d : ~ ~ m i a  
m - l w n - B ~ ~ & ? J g d V e ~ f  Campmrm. 

AIDS Rm 5 - #104*1M-109. 
XL P i l l s r y C , B d d - H j M c I n r y m J I @ G , d ~ t : f B Y - 9 ~  

typec--=P==--prcgnant 
~ i n ~ A l [ r i F a ~ E ! ~ s H m m ~ 2 Q M ; l 8 :  
-10. 

Ei.V~AC.hgw&SM,WW&etak~vudaWiyd 
r n - 1 ~ 6 R l s n N i i a a d ~ W i l h ~ ~  
b w e  V~ns 2001DI81-186. 

24. SbsfatRW -tcdngf~rR[V-l drug-- 
ba 30, rn). ~ I ~ ~ U ~  . - 

A c c m m a i m  17, mn. 
25. ~3D,GhmTJ.PhmiakP,k ,' F, SOdXggb 

D C % T h t ( W S T A L 3 ~ ~ F h i b h a m t s B i e e f n r  
~ ~ a @ m m t r i d e d b y ~ ~ t a o k P . N w  
& Ada 1%7;25:4876.4882 

26. h & a D d ~ I C A : M ~ m T ~ t h m o d t l a F  
1998;14:81?418- 

P. SmBdDk P A U P + . ~ ' h d p i s U @  * y  
p ~ o t h a ~ ~ . v ~ a . w ~ s ~  
MA, 2001. 

a. ~ G P s a r l C k w b y I R T h E ~ d m o l e c b & -  
~ ~ I b e ~ o f v i r a l g a n o m s d i v a g i r y m d t w ~  
Rtr Md VimI aOM;-1-238. 

a. 9 . W a o a M d i S m D k ~ w ~ o f ~ y ~  
m i ~ c ~ * ~ c c m p m ~ ~  
Polia k M m t  0 1m53:1w20a 

3 0 . B I o m N , ~ S . a n d 3 m & S : ~ a n d ~  
~ ~ a f ~ p r o o t i P ~ I u t i m ~ . J m  
BiPl Wm135I-1362 

31. B b m N , ~ T , ~ R , C h d & f t & I m d B ~  
5 ; ~ o b p o a t ~ g I y ~ m m d p h ~  
T i I m o f ~ f i m m ~ ~ & E q n e n c t , ~  
2004;k 1633-1649. 

3 2 ~ P I a n d ~ B G : ~ ~ a s m b s l m t e  
& h a y 8  - b o t p m P P i n W d p O & ~  
phatasta J Ed #mo 1991266:m55el5558. 

33. B m m k C d - P J R T h t ~ o f @ m l m -  
~ ~ ~ i n d i v r m o p q n M b s d u g ~ ~  
* ~ h M Y M & & ~ b # 2 0 0 f  gRorbp.BT, 
~ C . H a p t s B P , u a L . & ~ . ~ B ~ a a d B i o -  
p $ y p i c s ~ L o s A t s m o s N ~ ~ , ~ ~  
mi, m1. pp 1-1-20. 

3rl,McC3nmE6A.J*EAS,kgM!mdmttltRF:S6 
~ ~ o f ~ ~ R t l a t i v t r a r t s o f  
chgnss .ad g d  hbgtny.  Pmc Hd A d  Sci USA 
1988;852469-2473. 

3 . X I n t S . C l c a r l s y P , ~ P A , ~ P m a y D : I W - l p d g e r r e ~ -  
a t i o n i s ~ ~ ~ o f t  ' - maad 
-' - * 1 t b q y .  A D S  #lo4;18719-728. 

36. L a i m a T , ~ S , a n d A h t f : T e m p o a n d m P d e o f n d d &  . . ~ i r t g a g I o a d c n v ~ ~ i n ~ ~  
-htypelpclplIationowitbaknown,-hie- 
kay. J V ! d  1997;71-A7614TIO. 

37. KijakGH,(krdtrIR,TwaaabPtraS.aaL:LaSint ' " 
h n p w m o b m - 1 e ~ f o r - ~ m d d m g  

AIDS Rtv 2 # $ ; 6 M .  
38. ~ A T , ~ a u l . ~ E S , e t a l . : ~ ~  

~ ~ ~ b m n a n '  -ld==y virus 
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45. ~ H . f i w a S , D m m i Z ~ S B , d ~ S B : R R r .  
l m e r r c ~ i s ~ l a f s d i u v i w d i n ~ ~  
w&km hi 3 Biocbem W Bid 199931:144%1452 

4& ~JB.BorcrtaJ,MmiB,Cap~ayJF,adCanardB:PbPs-  
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