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Human Immunodeficiency virus (HIV) 

• HIV is a member of Lentivirus genus of the 

Retroviridae family. 

• Infections with lentiviruses typically show a 

chronic course of the disease, with a long 

period of clinical latency, persistent viral 

replication. 
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Time course of HIV infection 

Cold Spring Harb Perspect Med 2013.1-16 



Phases of infection following exposure to human 
immunodeficiency virus (HIV) 

Annu. Rev. Pathol. Mech. Dis. 2011. 6:223–48 



Annu. Rev. Pathol. Mech. Dis. 2011. 6:223–48 

Establishment and maintenance of the resting CD4+ T cell 
reservoir in human immunodeficiency virus (HIV)-infected 
individuals 



Laboratory staging and natural history of 
acute and early HIV-1 infection 

http://www.docstoc.com/docs/71261433/Natural-history-and-laboratory-staging-of-HIV-infection 



 
Current classes of antiretroviral drugs 

 Three main enzymatic targets: 
• Reverse Transcriptase, 
• Protease, 
• Integrase 
 
Six drug classes 

1. Nucleoside Reverse Transcriptase Inhibitors (NRTIs)  

2. Non Nucleoside Reverse Transcriptase Inhibitors (NNRTIs)  

3. Protease inhibitors (PIs)  

4. Entry inhibitors 

5. CCR5 receptor antagonists  

6. Integrase inhibitors 

 





Factors Leading to Resistance 

• VIRUS related 

• DRUG related 

• PATIENT related 

 

One or more of these factors can lead to ARV 

resistance in a given patient. 



• Inadequate 
potency 
• Inadequate 

durability 
• Drug-drug 

interactions 
• Poor tolerability 
• Inconvenience 

Virus Drug 

Patient 

 Adherence <100% 

 Toxicity or inconvenience 

Factors Leading to Resistance 

 High replication rate 

 High mutation rate – resistance 

 Latent reservoirs of HIV 
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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 
nonadherence. 



Baby cured of HIV - what does it mean? 

•  A case presented at CROI meeting in Atlanta 
of a baby born in Mississippi who was infected 
with HIV at birth but is now apparently free of 
the virus. 

• The mother was not known to be infected 
until the time of birth, and tests done when 
the baby was 2 days old showed that it was 
HIV positive. 

 



• Doctors decided to give the baby a full 
regimen of ART. By 29 days, no virus was 
detectable. (HIV Viral load, HIV proviral DNA) 

• Treatment continued for 18 months, at which 
point mother and baby were lost to follow. 

• When the child was next seen by doctors at 2 
years old, it remained free of functional HIV. 

 

Baby cured of HIV - what does it mean? 



 

 

 

 Genotypic Testing: Prediction of phenotype based on sequence 

 Phenotypic Testing: Measure of susceptibility to specific drugs 

 Recombinant Assays: RT/PCR portion of patient virus and 

transfer into a vector 

 Several different versions commercialized, automated and 

regulated 

 PBMC Assay: Culture virus from patient 

 Largely replaced by recombinant assays due to difficulties 

in reproducibility and throughput 

How do to measure drug resistance? 



Sources and Types of Genotype Assays 

 Commercial kits 

 US FDA-approved HIV-1 genotyping systems 

• TruGene  

• ViroSeq (Abbott/Celera) 

 In-house assays 

 "home brew" assay performed at one site (clinical, hospital 

or research laboratory) 

 Must be validated and approved if used for patient 

management 



How is resistance measured? 

• Genotype: 

– Nucleotide sequences (A, C, G, T) which 
constitutes a pol gene 

• Phenotype 

– Behavior of virus or 

– pol gene function In vitro drug sensitivity  



Nucleotide sequencing 
(Sanger Method) 

 Using ‘terminators’, (dideoxi-nucleotides) inhibit chain elongation 

 Requires a primer, DNA polymerase, a template, a mixture of 

nucleotides 

 Incorporation of di-deoxynucleotides into growing strand 

terminates synthesis 

 Synthesized strand sizes are determined for each di-

deoxynucleotide by using gel or capillary electrophoresis 

 Enzymatic methods 



What to label for visualization? 

• Primers? 

• Disadvantages of primer-labels: 

– four reactions 

– tedious 

– limited to certain regions, custom oligos or 

– limited to cloned inserts behind ‘universal’ priming 
sites. 

• Advantages: it works   

• Solution: 

– labeled “terminators” - ddNTPs 





HIV drug resistance assay 

Genotypic assay  

• EDTA blood 5-10 ml sent to laboratory within 6 hours 

– EDTA or ACD or heparin blood 5-10 ml. in vacuum tube sent to 

lab within 6 hours at room temperature 

– In case unable to send blood within 6 hours: 

• Plasma separation and frozen at -200C until shipment to lab 

(dry ice) 

• HIV viral load > 2000 copies/mL  



Genotyping using the Viroseq Kit 

Load samples onto ABI 3130 

plasma dried blood spot 



Genotyping using the Viroseq Kit 



Sequence Analysis 



Genotype Report (ViroSeq) 



TRUGENE® HIV-1: Genotyping Procedure 
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• Cast acrylamide 
gels 

• Prepare MicroCel™ 
cassette and 
loading gel onto 
Long-Reader Tower 
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Genetic 
Fingerprint 
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Review drug 
resistance 
report and 
send report 
back to 
requester 

TRUGENE® HIV-1: Genotyping Procedure 



Data Analysis (TruGene) 



Limitations of genotyping 

• Need >2000 copies/ml 

• Subpopulation (<20%) not detected 

• May not detect resistance to previous therapy 





Standford database informations 



 Sequence based technology 

 Accurate 

 Simple and robust 

 No labels or gels 

 Real-time results 

- solution for applied DNA analysis 

Pyrosequencing 



PPi 

ATP 

Pyrosequencing 
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A A G C T G 

the sequence in this pyrogram™ is AGGCAG 

A GG C A G 

- nucleotides dispensed sequentially 

Pyrosequencing 



Four enzymes are crucial for the accuracy of this DNA 
sequencing technology 

• Klenow DNA Polymerase : extension of the primer and 

simultaneous release of PPi 

• ATP Sulfurylase : catalyze ATP from PPi 

• Luciferase : catalyses the light production from ATP 

• Apyrase : degradation of unincorporated nucleotides 

  and excess ATP between base additions 



 

Result analysis 



Next generation of sequencing 



Next generation of sequencing 



Int. J. Mol. Sci. 2011, 12, 7861-7884 





PLoS One. 2012;7(5):e36494 



• This method is also 4-fold more sensitive (5% 
minimal detection frequency vs. 20%) at a cost 3–56x 
less than the traditional Sanger-based genotyping 
method. 

• A Roche/454 GS Junior run costs about $1000 or ,$20 
per sample when 48 samples are multiplexed 
together. 

 



Luminex 



Luminex 



Luminex 



Oligonucleotide Ligation assay 



Multiplex ligation-dependent probe amplification 



Multiplex ligation-dependent probe amplification 



Snapshot assay 



Snapshot assay 

Current HIV Research, 2009, 7, 398-409 



Snapshot assay 

Current HIV Research, 2009, 7, 398-409 



Snapshot assay 

Current HIV Research, 2009, 7, 398-409 



Snapshot assay 

Current HIV Research, 2009, 7, 398-409 



New targets for resistance testing 

• Integrase 
• Raltegravir (RAL), an integrase inhibitor 

• Gag 

– may also influence susceptibility to protease 
inhibitors and compensatory mutations which 
restore fitness have been identified. 

• Tropism testing 

– Maraviroc : CCR5 antagonist, and determination of 
viral tropism is essential prior to its use. 

 
 



New targets for resistance testing 



Technological advances 
• Resistance testing at low viral loads 

– Major resistance mutations were as likely to be 
detected at viral loads of less than 1000 copies/ml 

• Minority species detection 

– Allele specific PCR 

– single-genome sequencing 

– ultra-deep sequencing 



Phenotype 

 Measures the ability of the virus to grow in different 

concentrations of ARVs 

 PCR amplicification of the reverse transcriptase, integrase, 

or protease gene sequences from patient plasma and 

insertion into backbone of lab strain of HIV (compared to 

reference HIV strain and reported as fold resistance change) 

 Preferred test for more treatment-experienced patients 

with complex drug resistance mutation patterns 

 More expensive than genotypic assays; takes longer to 

perform and obtain results 



Phenotype Assays: Generic Procedure 

Patient virus 

PR-RT DNA 

RT-PCR 

(Resistance Test Vector) 

(Vector Assembly) 

Recombinant Virus 
Transfection 

Measure of Drug 
Susceptibility 

Infection 



Phenotype Report (Monogram) 



A Novel Phenotypic Drug Susceptibility Assay 
for Human Immunodeficiency Virus Type 1 

 

Antimicrob Agents Chemother. 2000 April; 44(4): 920–928. 



A Novel Phenotypic Drug Susceptibility Assay 
for Human Immunodeficiency Virus Type 1 

 

 
Antimicrob Agents Chemother. 2011 August; 55(8): 3729–3742 



Thank you 


