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•• Understand how Understand how potencypotency and and 
durabilitydurability define HAARTdefine HAART

•• Understand why Understand why adherenceadherence is is 
necessary for HAART successnecessary for HAART success
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The defining characteristics of The defining characteristics of 
HAARTHAART

•• PotencyPotency:  The ability to stop HIV from growing:  The ability to stop HIV from growing
•• DurabilityDurability:  The ability to maintain potency :  The ability to maintain potency 

indefinitely by presenting a high indefinitely by presenting a high genetic barriergenetic barrier to to 
the evolution of the evolution of resistanceresistance

Potency and durability depend onPotency and durability depend on adherence adherence to to 
therapytherapy
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Highly active antiretroviral therapy (HAART) Highly active antiretroviral therapy (HAART) 
is any treatment that, when adhered to, is is any treatment that, when adhered to, is 
potent enough to suppress HIV replication to potent enough to suppress HIV replication to 
an undetectable level and has a genetic an undetectable level and has a genetic 
barrier to the evolution of resistance high barrier to the evolution of resistance high 
enough to indefinitely maintain viral enough to indefinitely maintain viral 
suppression, thereby preventing disease suppression, thereby preventing disease 
progression and maximizing the opportunity progression and maximizing the opportunity 
for recovery.for recovery.
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•• PotentPotent enough to stop viral replicationenough to stop viral replication
•• Durable:Durable: high genetic barrier to resistance (multiple high genetic barrier to resistance (multiple 

mutations required for resistance)mutations required for resistance)
•• Convenient:Convenient: Family can adhere, low pill count.Family can adhere, low pill count.
•• NonNon--toxictoxic
•• Tolerable:Tolerable: SideSide--effects are transient or tolerable; effects are transient or tolerable; 

reasonable palatabilityreasonable palatability
•• Sustainable:Sustainable: Cost supportable, supply assuredCost supportable, supply assured
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Why does the viral load need Why does the viral load need 
to be undetectable?to be undetectable?

•• If the viral load is undetectable, HIV will not If the viral load is undetectable, HIV will not 
cause any harmcause any harm

•• Most importantly, the viral load is Most importantly, the viral load is 
undetectable, resistance to the drugs will not undetectable, resistance to the drugs will not 
developdevelop

•• Once resistance develops, the viral load Once resistance develops, the viral load 
increases AND more resistance developsincreases AND more resistance develops
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•• Resistance is when Resistance is when mutationsmutations in HIV genes allow it in HIV genes allow it 
to grow in the presence of a drugto grow in the presence of a drug

•• Resistance may be partial or highResistance may be partial or high--levellevel
•• For some drugs, only one mutation will cause highFor some drugs, only one mutation will cause high--

level resistance (e.g. NVP, EFV)level resistance (e.g. NVP, EFV)
•• For other drugs, many mutations are needed (e.g. For other drugs, many mutations are needed (e.g. 

ZDV, LPV)ZDV, LPV)
•• Resistance may be to one drug, or to several related Resistance may be to one drug, or to several related 

drugsdrugs
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•• HIV reverse transcription is errorHIV reverse transcription is error--prone: prone: 
random changes in HIV reverse transcriptase random changes in HIV reverse transcriptase 
and protease genes are commonly madeand protease genes are commonly made

•• Most of these changes do not help the virusMost of these changes do not help the virus
•• BUT, rarely one of these changes will cause BUT, rarely one of these changes will cause 

a change in the reverse transcriptase or a change in the reverse transcriptase or 
protease that lets the virus grow even if drug protease that lets the virus grow even if drug 
continues to be used.continues to be used.
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Example of resistance: the K103N Example of resistance: the K103N 

reverse transcriptase mutationreverse transcriptase mutation

Wild-type RT: 
Sensitive to 
NVP

Mutant RT: 
Resistant to 
NVP and EFV

This mutation happens thousands of 
times every day IF virus is growing
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Nevirapine

Resistant 
103N HIV

Sensitive 
K103 HIV

NVP blocks 
sensitive HIV, 
not resistant HIV

In presence of NVP, only 
the resistant virus 
grows.  Soon almost all 
virus is resistant!
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So, how do we keep resistant virus So, how do we keep resistant virus 
from taking over?from taking over?

•• By By only only giving NVP with other drugs giving NVP with other drugs 
that are not affected by the K103N that are not affected by the K103N 
mutationmutation

•• Such asSuch as……D4T:  requires several D4T:  requires several 
mutations (215, 41, etc.) to be mutations (215, 41, etc.) to be 
resistantresistant

•• Such asSuch as……3TC: requires M184V for 3TC: requires M184V for 
resistanceresistance
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Why canWhy can’’tt the HIV become resistant the HIV become resistant 
to NVP to NVP and and D4T D4T andand 3TC?3TC?

•• Because the chances of it Because the chances of it randomlyrandomly getting getting 
all these mutations all these mutations at the same time at the same time is is 
virtually zerovirtually zero

•• BUTBUT……it canit can-- and willand will-- get all these mutations get all these mutations 
one at a time one at a time if you let it!if you let it!
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•• A combination of drugs that is A combination of drugs that is POTENTPOTENT enough enough 
to stop HIV from growing to stop HIV from growing ANDAND……

•• Requires many different mutations to failRequires many different mutations to fail-- i.e. i.e. 
has has HIGH GENETIC BARRIER TO RESISTANCEHIGH GENETIC BARRIER TO RESISTANCE
ANDAND……

•• That the patient takes every day, That the patient takes every day, ALL DOSESALL DOSES..
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M184VW W W W W W K103N V75T

NVP 3TC D4T

W

Prevention of resistance and control of HIV 
with highly active antiretroviral 

combination therapy

Viral load <50 copies/ml
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Viral resistanceViral resistance-- a numbers a numbers 
gamegame

•• Viral genome:Viral genome: 9.7 X 109.7 X 1033 bpbp
•• Viral RT error rate:Viral RT error rate: ~1 X 10~1 X 10--44/base/base
•• Virions/day:Virions/day: ~10~1099 /day/day
•• Total viral burden:Total viral burden: ~10~101010 virionsvirions
•• Thousands of virions with any single point Thousands of virions with any single point 

mutation are in the host at any one time and mutation are in the host at any one time and 
thousands more are produced every daythousands more are produced every day
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NonadherenceLow or Decreased 
Potency of prescribed 
antiretroviral therapy

Viral Resistance

Clinical failure

Viral replication
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•• Generally > 95% of dosesGenerally > 95% of doses
•• Some treatment regimens are more Some treatment regimens are more ““forgivingforgiving”” than than 

others: D4T/3TC/NVP is a less others: D4T/3TC/NVP is a less ““forgivingforgiving”” regimenregimen--
but can work excellently for years if adherence is but can work excellently for years if adherence is 
maintained.maintained.

•• Missing 1 dose per week is 93% adherenceMissing 1 dose per week is 93% adherence
•• Adherence < 80% almost always failsAdherence < 80% almost always fails
•• ““GoodGood”” adherence taking adherence taking ““mostmost”” doses will lead to doses will lead to 

failurefailure
•• RareRare missed dose is toleratedmissed dose is tolerated
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Adherence and virologic response at 6 
months (Paterson, et al. Chicago 1999)

0
10
20
30
40
50
60
70
80
90

>95% 90-95% 80-90% 70-80% <70%
Adherence (MEMS)

%
 w

ith
 v

ir
al

 lo
ad

 <
 5

00
 c

/m
l



AIDS Care and Treatment in NigeriaAIDS Care and Treatment in NigeriaAdherence to HAART and virologic response Adherence to HAART and virologic response 
in children in children (Watson 1999)(Watson 1999)
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But what happens when patient But what happens when patient 
cancan’’tt take all ARVs?take all ARVs?

•• If circumstances make >95% adherence If circumstances make >95% adherence 
impossible, patient can safely (and should) impossible, patient can safely (and should) 
STOP ALL ARVsSTOP ALL ARVs

•• Stop NVP 1 week before D4T and 3TC if Stop NVP 1 week before D4T and 3TC if 
possiblepossible

•• Stay off all ARVs until adherence problem Stay off all ARVs until adherence problem 
resolvedresolved

•• Restart all ARVs simultaneously when readyRestart all ARVs simultaneously when ready
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Pediatric antiretroviral Pediatric antiretroviral 
therapy:  therapy:  ChoosingChoosing a regimena regimen

•• Optimizing potencyOptimizing potency
–– Activity of drugs and combinationsActivity of drugs and combinations
–– Ease of developing resistanceEase of developing resistance
–– Assess resistance statusAssess resistance status

** HistoryHistory
** Resistance testingResistance testing

•• Optimizing adherenceOptimizing adherence
–– PalatabilityPalatability
–– Side effectsSide effects
–– ScheduleSchedule
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Response to HAART in childrenResponse to HAART in children

•• Viral load drops very rapidlyViral load drops very rapidly-- About 100About 100--fold fold 
in 2in 2--3 weeks3 weeks

•• CD4 response CD4 response 
–– Return to normal in about a yearReturn to normal in about a year
–– Can stop TMP/SMX (Bactrim) when CD4 Can stop TMP/SMX (Bactrim) when CD4 

above prophylaxis guidelinesabove prophylaxis guidelines
•• Rapid clinical responseRapid clinical response

–– May feel better in 1May feel better in 1--2 weeks2 weeks
–– Risk of opportunistic infection rapidly Risk of opportunistic infection rapidly 

decreasesdecreases
–– Rapid weight gainRapid weight gain
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Expected fall in viral loadExpected fall in viral load
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If viral load at these follow up times is 3-fold or more 
than these examples, full suppression not likely
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Examples of full virologic suppression rates in Examples of full virologic suppression rates in 
adult clinical trialsadult clinical trials

(All subjects ITT analysis)(All subjects ITT analysis)

AZT/3TC/NVP     67%   VL < 20 at 36 weeksAZT/3TC/NVP     67%   VL < 20 at 36 weeks
AZT/3TC/NFV     44%AZT/3TC/NFV     44%

D4T/3TC/NFV    52%    VL < 50 at 48 weeksD4T/3TC/NFV    52%    VL < 50 at 48 weeks
D4T/3TC/LPV/r  67%D4T/3TC/LPV/r  67%

D4T/3TC/NVP   56%    VL < 50 at 24 weeksD4T/3TC/NVP   56%    VL < 50 at 24 weeks
D4T/3TC/EFV   62%     D4T/3TC/EFV   62%     



Percentage of children with viral load <400 copies/ml in 
response to D4T/3TC + LPV/r  (ART-naïve) or 1-2 NRTI + 

LPV/r + NVP (ART-experienced)
(Saez-Llorens, et al PIDJ 2003)
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How fast should the CD4% increase with How fast should the CD4% increase with 
successful HAART?successful HAART?

•• About 5% (e.g. from 10% to 15%) in first 2About 5% (e.g. from 10% to 15%) in first 2--3 3 
monthsmonths

•• About 10% in first yearAbout 10% in first year
•• Increase will be less in child with milder Increase will be less in child with milder 

immune suppressionimmune suppression
•• Rise fastest in infants (and very slow in older Rise fastest in infants (and very slow in older 

adults)adults)
•• Adults: 50Adults: 50--100 CD4 cells/100 CD4 cells/µµl per yearl per year



Increase in CD4% in response to D4T/3TC + LPV/r  
(ART-naïve) or 1-2 NRTI + LPV/r + NVP (ART-

experienced).  Mean final CD4% in parentheses.
(Saez-Llorens, et al PIDJ 2003)
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