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HIV Treatment Failure: Testing for 
HIV Resistance in Clinical Practice 

Luc Perrin and Amalio Telenti 

I n  a recent c o r n ~ n e ~ ~ t a r y  o n  AIDS therapy, 
the phrase "Failure isn't what it used to  he 
. . . but neither is success" was coined (1 ). 
By now n7e should he used to issues con- 
cerning the human immunodeficiency virus 
(HIV)  being always Inore complex than 
expected. Understanding of HIV pathogen- 
esis indicated that early pharmacological 
intervention would glve the  best chance at 
preserving the  integrity of the  i l n m ~ ~ n e  SYS- 
tem and possibly eradicating the virus. 
These concepts provided the  impetus to  
treat a large proportion of HIV-infected 
individ~~als  with a co~nblnat ion of antiret- 
roviral drugs [highly active antiretroviral 
therapy (HAART)] ,  resulting in a dramatic 
reduction in  AIDS-related rnorbid~ty and 
mortality (2 ) .  Honlever, viral eradication 1s 
not achievable with current strategies ( 3 ) ,  
and the  shift in treatment uaradiem to  one - 
of long-term viral suppression has led to the 
challenge of ensuring continuous treatinent 
benefit and avoiding failure (4).  

Failure has generally been defined in vl- 
rological terms-the inability to  achieve 
complete suppresslon of viral replication. 
T h e  factors leading to thls type of failure are 
straightforward: poor adherence to HAART,  
prior exposure to antiretroviral drugs in 
mono- or hi-therapy, the sequential addition 
of drugs to a failing regimen, and counterac- 
tive interactions among the drugs used (5)- 
nothine new for those who witnessed the " 
early days of antit~~berculosis chemotherapy 
in the 1950s and 1960s. However, treatinent 
failure is not only viral resistance. 

In  fact, definition of fallure or success of 
treatment is a far more co~nplex phenome- 
n o n  (Fig. 1 ) .  In  real life, there are indiviil- 
uals who experience a n  optimal response to  
treatment, as shown by effective viral sup- 
presslon and ensuing immune recovery (6 )  
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Infectious D~seases, Geneva University Hospital, 121 1 
Geneva l a ,  and Dv ison of nfectous Dseases, Centre 
Hosp~ tae r  Universita~re Vaudois, 101 1 Lausanne, 
Swtzerland. 

(Fig. l A ) ,  but there are others w ~ t h  increas- 
ing C D 4  cell counts in  the  presence of 
ongoing viral replication (7 )  (Fig. l B ) ,  or 
blunted immune recovery despite viral con- 
trol (Fig. l C ) ,  and finally complete treat- 
ment  failure (Fig. ID) .  Analysis of the  Swiss 
HIV cohort study database of HIV-l-in- 
fected individuals o n  H A A R T  ~ n d ~ c a t e s  
that an  estimated 40% of the  participants 
present the  constellation described in Fig. 
l A ,  40% in Fig. lB ,  5% in Fig. l C ,  and 15% 
in Fie. ID .  W e  need to ~ ~ n d e r s t a n d  better " 
what each situation represents clinically 
and what each implies for the  current mod- 
els of HIV immunopathogenesis (8). Final- 
lv, we have to  learn more about the  mech- 
anisms by which current antiretroviral drugs 
exert their remarkable effect o n  HIV disease 
despite nlidespread drug resistance (7 ,  9) .  In  
particular, the  frequent observation of in- 
creasing CD4 cell counts in individuals 
maintaining high virernia levels needs to be 
explained, because it may yield clues regard- 
ing issues such as vlral fitness, resetting in 
the steady state of CD4 cell turnover, and 
the possible action of protease inhibitors o n  
noi~vlral targets participating in the  mecha- 
nisms of CD4 T cell depletion. 

Resistance is a widespread problem. Al- 
though treatment failure is a cornplex phe- 
nomenon, viral resistance indeed remains a 
major issue. It affects up to  30 to  50% of all 
individuals under H A A R T  ( 7 ,  9 )  and also 
might he transmitted (10) .  Once lnultidrug 
resistance is present, regaining control of 
vire~nia becomes d i f f i c~~ l t  because n o  effec- 
tive "salvage" strategy has been devised. 

However, testing of HIV resistance is 
not straightforward because the  best analy- 
sls strategies have not been defii~ed and 
remain the  touic of intense clinical inves- 
tigation. Central to  its complexity are the  
phenomenon of HIV quasi-specles ( the  si- 
multaneous presence in a patient of a swarm 
of v ~ r a l  variants), the  extent of cross-resis- 
tance alnong antiviral drugs, the  existence 
in each individual of archival HIV D N A  
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copies representing all viruses that emerged 
under prevlous treatment, and the  preexis- 
tence of resistant variants even without pri- 
or exposure to the drug (1 1 ) .  This implies 
that resistant clones may be present well 
belon~ de tec t~on  le\.els and emeree onlv " 
nlhen the spec~fic antiretroviral drug is in- 
troduced. All antiviral drugs are not eoual. 
Although a s ~ i ~ g l e  mutation of the  reverse 
transcriptase gene might confer a high de- 
gree of resistance to  some drugs (for exam- 
ple, 3TC and nevirapine), ~nultiple muta- 
tions of the  protease gene are required for 
ilevelouinent of siqnificant resistance to the  
antiproteases. Combining several drugs, as 
in H A A R T ,  remains the  best oution for 
limiting the  emergence of preexisting or 
new resistant variants. 

How can resistance be assessed? Two 
general approaches are being used: genotyp- 
IC aild phenotypic resistance testing. For 
genotypic analysis, sequences of viral re- 
verse transcriptase, protease, and Gag-Pol 
cleavage sites are amplified by polymerase 
chain reaction and analyzed by s e q ~ ~ e n c i i ~ g  
or by other genetic approaches (12) .  Data 
will reflect the predominant virus species 
in the  sample. Only by time-consuming 
subcloning experiments can a quantitative 
analysis of minority sequences be generated. 
Results can be obtained within 1 week a t  a 
~ n i n i m u ~ n  cost of U.S. $100 per sample. 
Genotypic testing may be extended to the  
analysis of proviral D N A  in individuals 
with undetectable viremia, because it rnieht 
provide some clues o n  archival (pro)viruses. 
In  most instances, analvsis of mutation uat- 
terns well exceeds our current ability to 

Interpret them (13): m u t a t ~ o n  to one anti- 
retroviral may restore susceptibility to  a sec- 
ond drug; mutations selected in vitro to a 
given agent may never be identified III cl111- 
ical isolates from patlents failing treatment 
with that same antiretroviral drug; and prior 
exposure to antiretroviral drugs may result 
in uncharacteristic mutational pathnlays 
upon i i ~ t r o d ~ ~ c t i o n  of a new treatment (14) .  

Analysis of phenot7 p '  ic resistance IS non7 
frequently perfor~ned by c l o ~ ~ i ~ l g  the  rele- 
vant genes into viral constructs to  be ana- 
lyzed via reporter cell lines (15).  By doing 
this, issues such as cell tropism, growth 
variation, and quant~fication of virus can be 
standardized. Still, testing takes days to 
weeks a t  a cost of several hundred dollars, 
introduces a n  undefined ~nodification of 
the  quasi-species distribution, and does not 
necessarily identify minority resistant vari- 
ants or detect a relevant decrease of suscep- 
tibility. Direct viral isolation and testing 
from plasma of infected individuals may 
soon be facilitated by the  development of 
~nodified cell lines expressing C D 4  and che- 
 nok kine receptors (16).  

Is there a role for resistance testing in  
clinical practice? T h e  necessary informa- 
t ion o n  how best to  use these technologies 
and nlhether resistance testing will pro- 
vide timely results leading to  clinical ben- 
efit is missing. Intuitively, one  may rank 
clinical situations according to  the  usef~rl- 
ness of resistance testing as follows: ( i )  
d u r ~ n g  primary in fec t~on ,  when there is a 
limited viral heterogeneity and a definite 
possibility for transmissio~l of resistant 
variants (10) ;  ( i i )  111 drug-naive infected 

! : : : :  ; : :  
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Fig. 1. Who IS fail~ng treatment? Data from four HIV-infected ind~viduals on HAART. 
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persons before treatment initiation; ( ~ i i )  
in  antiviral experienced persons before 
~ n o d i f i c a t i o ~ ~  or simplification of a success- 
f ~ 1 1  treatment (17) ;  and  ( iv)  in  situations 
of early or established v ~ r a l  rebound during 
treatment ( 1  8).  

In  the  first three instances, a positive 
detect1011 of mutant variants \vould be in- 
formative, nlhereas falluse to  identify mu- 
tants would not be concl~~sive.  In  any case, 
the  data derived from resistance testing 
nlight help to select the  most appropriate 
antiviral cornbinatioi~. T h e  situation be- 
comes Inore co~nplex in the  event of vire- 
~ n i a  r e b o u ~ ~ d  In treated ind~viduals. Here, 
the  physician faces all caveats discussed ear- 
lier: the inability to detect minority or ar- 
chival copies of resistant virions, the  fact 
that mutants can be rapidly overgrown by 
more fit wild-type viruses once that antivl- 
ral pressure is removed, and the  co~nplexity 
of cross-resistance among drugs. In  this clin- 
ical situation, data are beginning to accu- 
mulate suggesting that the  nurnber of mu- 
tated positions as determined by genotypic 
testing might predict the  likelihood of re- 
sponse to  salvage treatment ( 1  9). Honlever, 
the  same information did not necessarily 
help in selection of the  best salvage treat- 
ment,  nlhich might rather be based o n  past 
treatment historv. 

Treatinent failure and elnergence of drug- 
resistant variants c o n s t ~ t ~ ~ t e  a great chal- 
lenge. T h e  success of H A A R T   nay be de- 
t e rm~ned  before treatment is started, and 
here is where investment is needed. Perform- 
ing resistance testing might belong in  this 
up-front investment. T h e  first go is the best 
chance. 
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HIV/AIDS Prevention in Thailand: anil care, rather than \~ienling thein as a 
l7otentlal reservoir or unfi~rtunate conse- 
quence of the  epidemic, as m.as often the  
c , s e  in e,irlier responses (JC!. T h e  collabo- 
ration hetneen groups of people \\.irk HIV/ 
.AIDS anLi the llatlonal program has been 
e n l ~ a n c e ~ i  so that they can he actlve part- 
ners in the plc~nning anii imp1ementatii)n of 
a wide range of programs from national to 
c o m m ~ ~ n i t v  l e ~ e l s .  

Success and Challenges 
Wiput Phoolcharoen 

ThailanLi ' i  human  inm mu no deficiency virus 
(HIV)/xcq~~irec-i immune iieficiency SJ-11- 
L i ro i~~e  (AIDS) epiclelnic 1s one of the most 
extensivelv Lioc~~mented of m y  Lie\.elopi~~g 
country. Thailand has made s ~ ~ l x t a n t l a l  
progress in the fight against HIV/AIDS be- 
cause of strategles ant-i L~olicles for preven- 
tion that \\ere ~nitially haseii on research 
and ev,il~lation anii then recelved the nec- 

messages to  1.e publici:ed t h r o ~ ~ y l i  all killds 
of medla. They were aired regularly and 
rel~eatedly o n  tele\,islon as p i r t  of the  

.A Ilialor contributor to tihe Tli,ii pro- 
gra111'i i ~ n p ~ i c t  has been the n-ill~ngness of 

national strategy in  1991 to i1iiniini:e 
transmission of HIV.  T h e  ed~lcat ion and 

the go\-ernment to alter strategles and pol- 
icy as knowledge of the extent o i  risk be- 

pre\.ention lliessages \Yere choien to do  
more than  j ~ s t  suggest measure.; to a v o d  
infection. These messages also defineii 
characteristics of reo13le n h o  were consid- 

1lavii)r grew and the social, economic, and 
cultural roots of the enidemic were ~lnder-  
stood. This \villingness hel1~ed to illuminate 
the  role that each sector of socletv llad to  

essarg level of conl~nitnlent to implement,i- 
tion and financing. Sex~lal  beha\-iors have 

L L 

ered to  he s ~ ~ h s t a n t i a l  risks for transinitting 
H1i7 (5). 

play in the response. Thus, iiliplementatlon 
has l3een expanded fro111 the public liealth 

changed significantly, ~ v i t h  coniiom m e  in- 
creasing anc-i visits to sex workers c-iecreaslng 
(1 ). T h e  spre,iii of HI\ '  has been s l o ~ v e ~ i  
dramatically but not hefore close to a mil- 

I11 1991, all government-spo~~sore~l  sex- 
ually t ransi l~i t te~i  iiisease (STD)  clinic.; he- 

sector to the social anc-i economic sectors. 
T h e  strategic alliances have ~nc l~~ i i ec l  non-  

gall t o  pronlote coniioln use in the commer- 
cia1 ses  setting. T h e  "lc?c??zb condom pro- 

go\-ernmental organi~ations,  pri\-ate ~ L I S ~ -  

nesses, anLi coinmunitv organizatiolis that 
lloll people \vex lnfected ( 2 ) .  

.A co~lntry's response to  the  epidemic is 
infh~enced to a great extent  by the  infor- 
mation a\-ailahle. Mocilfications of llealth 

gram" enllsteii tlie cooperation of sex eitab- 
l l s l i ~ ~ ~ e ~ l t  o\vnen anti iex n-orliers to 

lia\.e \~nrkeci ,is eq~lal  partners \vith tlie 
go\~ernment ( 1 C ) .  

encourage all clients to use coniioms \\-hen 
ohtaining e x .  T h e  government supplied al- 
most 69 million free condolns a year to 
support this activity ( 6 ) .  

School education o n  .AIDS was initiat- 
ed in 1999. A t  this time, the  Tha i  HI\'/ 
AIDS research collirnunitv \v<ii <11sc> ex- 
tremely active in  conducting ~ l ~ ~ a n t i t ~ ~ t i v e  
and q ~ ~ a l i t a t i v e  studiei of risk hehavior 
anc-i i t i  cieterminants. These studies dem- 
onstrated that  the  idea of i ~ ~ d ~ v ~ i l ~ l a l  riik 

There  has also heen a n  e\.olution in the  
funding of our efforts from international 

anti social services to  cope \\-ith the  el-olv- 
ing epidemiological trends of Jisease are 
\.ital t o  the  success of H I V  prevention. 
T h e  flrst fen- .AIDS c a w  in  Thailanci \Yere 

a e n c i e s  to  go\-ernment and local t~lnii-  
ing. T h e  Tha l  go\-ernmeint's .AIDS bud- 
se t  in 1996 espc~ndeLi  to  cover 91?~& of all 
t he  e x p e ~ ~ ~ e i  in  .AIDS programs in the  
C~lLIlltrT. in l n e ~ i  who had sex with men ,  but by 

1988, HIV was detected in  ~n t ravenous  
cir~lg users. F~ndings  fro111 tl-ie flrst round of 
HI\' sentinel iero-sur\.eillance in 1989 
she\\-eii that  he te rosex~~a l  transmission 

Evidence of Success 

T h e  cli,lngi~ig trend of HIV lnfectio~i in tile 
gi'neral yoIxllatlon is sho\vn 1~ t\vo sets oi 
ilata. First is the  Royal Thai  Army's int'or- 
mcltion o n  the  HIV inkct ion rate among its 
r o ~ ~ g h l v  69,GGO alili~lal military conscripts. 
ielecteJ hy lottery from 21-year-old Thai  
males. T h e  rate starteci to increase steadily 
from c?.jO/o in 19S9 to a peak of 3.7"h 111 

mid-1993 befixe leveling off a t  1.99r3 in 
1997 (1 1 !. Tlhe seconLl source i)f data is the 
scro-s~~rveillance tests of the  Division of 
Epidemiology in the hiinistry of Pul~lic 
Health,  ~ h i c h  have been conducted o n  
samplings of pregnant \vomen in all 76 
p ~ ) v i n c e \  yearly smce 1989. T h e  HI\' in- 
fkction rate in pregnant a o m e n  \\,as ahout 

(horn commercial e x  xvorkers! w o ~ ~ l d  he 
the   r red om in ant inode of transmission. 

that haLi been d o m ~ n a n t  in the  l~eginning 
of the  er idemic \vas too narron. to  a~ i~ i res s  

This flrst ne~itinel sur\-e~llance alerted the  
p ~ ~ h l l c  so that HIVIAIDS control h e c a ~ n e  
national policy by 199C ( 3 ) .  

In 1999, the  first behavioral study a t  

the  ~lniierlylng social, c~ l l t~ l ra l .  and eco- 
nomic torce.; c-lriving the  eL3iciemic in 
ThailanLi (7-9). T h ~ l s ,  t he  concept o t  in- 
div~c-i~lal risk \\-as broadened to incluLle the  

the  national level, t he  Survey of Partner 
Relations and Rlsk o t  HI\ '  Infection, \vas 

influence of the  social e n \ r i r o ~ ~ m e n t .  C o n -  
\-entional AIDS education e\.olveii to ios- 

con,iucted, anc-i it demonstrateci the  per- 
\-aslye extent  of risk behavior throughout 
Thai  socletv (4). T h e  result was that  pol- 
icy-makers allo\ved HI\ ' /AIDS warning 

ter lik-skills e m ~ ~ o n e r i n e n t  in Tha i  yi)uth 
rather than  beha\-ior modification, io  that  
their culture, peer pressure, and 11or111s 
\ v o ~ ~ l d  promote safer sex behavior. 

Also of note is the ilnportant role cur- 
rently ~ v e n  to people \\,it11 HI\'/.AIDS as 
an  essential h~lrnan i - e s ~ ~ ~ r c e  for prevelltion 
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