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• Children not taking their ARVs well due to unpalatable drugs, large size 
of tablets etc 

• Under dosing is also leading to high viral loads amongst children 

• Adolescents are not taking their drugs due to  stigma, poor transition to 
adult care and lack of social support 

• $3 % and 36 % of children and adolescents respectively have high viral 
loads (>1000) 
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Goal and Learning Objectives 

 Origin of HIV drug resistance mutations 
I. Normal viral replication 
II. Mutations due to ARV pressure 

 Explain the ARV genetic barriers 



What causes treatment failure? 



Factors contributing to  

ARV failure & resistance 

• Inadequate potency 

• Inadequate durability 

• Drug-drug interactions 

• Poor tolerability 

• Inconvenience 

Virus Drug 

Host 

 Pharmacoecologic  

factors (day-to-day  

of drugs (adherence) 

 pharmacogenetic 

 High replication rate 

 Error prone RT enzyme 

& high mutation rate 

 Latent reservoirs of HIV 

NOTE: One or more of these factors can lead to ARV  

resistance in a given patient 
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Basic HIV Biology 

Question: 

Is HIV (Retrovirus) a RNA or a  

DNA virus? 



Life Cycle of HIV 

Many steps during the life cycle of HIV virion 

Steps after virus  

attachment to cell: 

-Entry 

-Reverse  

Transcription  

(RNA to DNA) 

-Integration 

-Transcription &  

Translation 

-Assembly 

-Maturation and  

budding 



How DNA works 

• Stores genetic information (genes) 

• DNA code is in triplet  codons (3 nucleotides) 

• Codes are translated into amino acids 

• Sequence of amino acids indicates the 

sequence of proteins 

 

 

 





Names of Nucleosides and Nucleotides 



Mutations 
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Molecular definition: Change in nucleic acid  

sequence compared to a reference sequence 

Biological definition: Change in nucleic acid  

sequence that results in a change in structure or  

function of the nucleic acid or a resulting protein 

Codon 

AAA GAC AGT AAA GAC AGT 
Silent Mutation 

AAA GAC AGT AAC GAC AGC 

 
Lys Asp Ser Asn Asp Ser 

(K) (D) (S) (N) (D) (S) 



Mutational Nomenclature 

Mutant amino acid Wild-type (wt) amino acid 

(consensus or reference) 

Codon position 

PR: 1-99 amino acids 

RT: 1-540 amino acids (~200 aa) 

M184V 

M184M/V (mix of wt and mutant) 

M184V/I (mix of 2 mutants) 
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HIV Mutations May Affect: 

- Virulence - the ability of the virus to invade a cell 

- Viral fitness - the ability of the virus to compete  

with wild type virus 

- Immune response: HIV may escape antibody  

and CD8 immune control 

- Transmission Efficiency & Hypersusceptibility  

M184V resistant to 3TC/FTC but highly 

susceptible  to TDF and ZDV 
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HIV Treatment  

Antiretrovirals (ARVs) 
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ARVs available 

Different classes of ARVs: 

Six classes of antiretroviral agents currently exist, as  

follows: 

 

1.Nucleoside reverse transcriptase inhibitors (NRTIs) 

2.Non-nucleoside reverse transcriptase inhibitors 

(NNRTIs 

3.Protease inhibitors (Pis) - Maturation inhibitor 

4.Integrase inhibitors (INSTIs) 

5.Fusion inhibitors (Fis) 

6.Chemokine receptor antagonists (CCR5 antagonists) 



HIV life cycle and action of ARVs 

4. Maturation inhibitors 

1. Entry inhibitors 

2. RT inhibitors 

3. Integrase inhibitors 



How Drug Resistance Arises 
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How drug resistance arises. Richman, DD. Scientific American , July 1998 

Drug resistance can be: 

- Acquired – occurs within infected individual through 

drug selection  process 

- Transmitted (from person to person) 

Population Dynamics DR strains of HIV 

within an individual on therapy 



Adherence-resistance 

relationship 
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Consequence of Mutation 

Once mutations make HIV resistant to one ARV  
drug, it can then quickly develop other  
mutations which can cause resistance to related  
ARV drugs, including an entire class of drugs 

e.g., if replication is allowed to persist, resistance to  
AZT can extend to other NRTIs and thus limit future  
treatment options. 
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Latent Reservoirs and Resistance 

ARV resistance, once it develops, is probably life-  

long, since resistant HIV can hide in latent cellular  

reservoirs, which can be activated many years  

later 

Once a patient is resistant to an ARV drug, that  

drug will probably be ineffective in the future 

 

 

HIV does not “forgive” treatment errors or  

the nonadherence 



 VL <1000 copies/ml: “blip” 
 Low risk of acquired drug resistance mutations 

(DRMs) 

 Likely to suppress with improved adherence 

 VL 1000-5,000 copies/ml 
 Higher risk of DRMs 

 Ability to suppress with improved adherence  
dependent on presence of DRMs 

 VL >5,000 copies/ml 
 Highest risk of DRMs 
 Ability to suppress with improved adherence 

dependent on presence of DRMs 

 



How quickly resistance occurs depends on 

viral load 

Viral Load  Days Before Mutation Arises 
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ARV Genetic Barriers 
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Single Mutations and Resistance 

Certain single mutations will cause the HIV to be  

completely resistant to a drug, or even to an entire  

class (eg., NNRTIs) 

which such single mutations cause 

have a LOW resistance are said to 

BARRIER to the development of 

Drugs in  

complete  

GENETIC  

resistance 
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Multiple Mutations and Resistance 

Some drugs require multiple, step-wise mutations  

for HIV to become resistant 

 

Drugs which require multiple mutations for  

resistance have a High Genetic Barrier,e.g.  

Protease inhibitors 

The longer a failing regimen is continued, the  

greater the number of mutations which will occur  

and which will lead to greater resistance, including  

cross resistance 



Mutations and Resistance 

For certain ARVs, only one mutation is needed to  

stop the drug from working; example: K103N a NNRTI 

mutation: 

Lys  

(K) 
Lys  

(K) 

AAA AAG AAC AAT 

(N) (N) 

la Ala Ala 
(A) (A) (A) 21 

Asn Asn 
LOW GENETIC BARRIER 

For other ARVs, multiple, step-wise mutations must  

occur before the drug loses affect; example: I47A  

Protease inhibitor mutation (2 base mutation change): 

ATT ATC ATA GCT GCC GCA 

Ile Ile Ile A 
(I) (I) (I) HIGH GENETIC BARRIER 



Genetic barrier & Potency of some ARVs 
(HIV-1 Antiretroviral Resistance. Scientific Principals and Clinical Implications. Drugs 2012) 

NRTIs, NNRTIs, PIs, Integrase Inhibitor, CCR-5 inhibitor, Fusion inhibitor 
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Genetic Barrier to 6 classes of ARVS 
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