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Learning outcomes

Upon completion of this module, you should be able to:

• Summarize the mechanisms of HIV drug resistance 
development  

• Explain the basic nomenclature of HIV drug resistance 
mutations 

• Describe the key principles of genotypic resistance 
testing and resistance interpretation algorithms 

• Recognize the limitations of genotypic resistance 
testing



What does the viral load tell us?

• Where does the virus live?
• In the Blood?
• No
• In the liver
• Yes
• Spleen?
• Yes
• Lymph nodes?
• Yes
• So what does it mean if we find it in the blood?



Is the problem coming from this womans
lounge?



So what does the viral load tell us?

• It tells us that the HIV virus is 
making…….



What does the viral load tell us?



MUTATIONS
• HIV virus produces 10 Billion 

new viruses per day
• It also makes mistakes when it reproduces 

itself
• One  mistake occurs for every cycle of 

replication
• The reverse transcriptase enzyme has no 

prrooof reading mechanism and cant 
correct the mistakes

• These mistakes are called mutations 
• Millions of mutations are formed daily



MUTATIONS

• If there is no antiretroviral drug 

around, the mutations quickly disappear

• If a mutation causes resistance to a drug, 
then that quasi species will continue to 
multiply while the other quasi species are 
suppressed by that ARV drug.

• This will lead to outgrowth of a resistant HIV 
strain



We need 2 things for resistance to 
develop

• 1)Viral multiplication (replication)

• 2)Low levels of ARVs in the body



Mutant 
virus

Animation sequence courtesy of Dr Julia Turner

NO ARVS

NO RESISTANCE



Animation sequence courtesy of Dr Julia Turner

SUFFICIENT LEVELS OF ARVS

NO RESISTANCE
NO REPLICATION



Animation sequence courtesy of Dr Julia Turner

LOW LEVELS OF ARVS PRESENT

REPLICATION + LOW LEVELS 

OF ARVs=RESISTANCE



Poll 2
• You do a resistance test on a female patient 

taking AZT/3TC/LPV/r. It comes back 
susceptible to all the ARVs. 

• 1. What does this mean? (Multiple Choice)

• A)There is no resistance so she can continue on the same regimen

• B)She has been non-adherent

• C)This is Wild Type virus

• 2. Could there still be viral resistance? (Single Choice)

• D)Yes

• E)No

• F)Not sure



The battle of the HIV Viruses







How to do resistance testing

• Therefore make certain that patient is adherent 
before doing resistance testing

• Maintain patient on current antiretroviral therapy -
resistance testing must be performed whilst the 
patient is taking the antiretroviral therapy regimen 
they are failing 

• Ask patient to take ARVs regularly for 1 month and 
then do resistance testing



Poll 3

• High Viral Loads



Question?

If you see 2 patients with the following viral 
loads, which one do you think is more likely to 
have resistance?

 VL: 2 000

 VL: 200 000

Resistance mutations generally weaken the HIV 
virus and reduce its replicability



MUTATION NOTATION



MUTATIONS

Address of the mutation on 
the viral Gene



MUTATIONS

What should be there 
in wild type 
(Methionine)



MUTATIONS

What should be there 
in wild type 
(Methionine)

What is there 
instead (Valine)



Genetic barrier to resistance

• Some drugs have a  low genetic barrier
to resistance

• Some drugs have a high genetic barrier 
to resistance





Genetic barrier to resistance

• Lamivudine – single mutation (M184V) confers high-level 
resistance to lamivudine (low genetic barrier)

• Efavirenz – single mutation (e.g. K103N) confers high-
level resistance and cross-class resistance (low genetic 
barrier)

• Lopinavir/ritonavir – requires several mutations to confer 
resistance (high genetic barrier)

• Dolutegravir-high genetic barrier 



HIV drug resistance testing

Genotyping Phenotyping

Sequencing of the HIV-1 gene to 
detect resistance-associated 
amino acid substitutions (i.e. 
mutations) 

Measures the ability of a virus to 
replicate in cell culture in serial 
dilutions of ARV drugs, thereby 
directly quantifying the 
concentration of drug required to 
inhibit viral replication 



Polymerase chain reaction

Sanger sequencing

How is genotypic drug resistance 
testing done?



>Sequence1

GTAAAACTAAAGCCAGGAATGGATGGCCCAAAGATTAAACAATGGCCATTGAC
AGAAGAGAAAATAAAAGCATTAACAGAAATTTGTAACGAAATGGAGAAGGAAGG
AAAAATTACAAAAATTGGGCCTGAAAATCCATATAACACTCCAATATTTGCCATA
AAAAAGAAGGACAGTACTAAGTGGAGAAAATTAGTAGATTTCAGGGAACTCAAT
AAAAGAACTCAAGACTTTTGGGAAGTTCAATTAGGAATACCACATCCAGCAGGG
TTAAAAAAGAAAAAATCAGTGACAGTACTGGATGTGGGGGATGCATATTTTTCA
GTTCCTTTAGATGAAGACTTCAGGAAATATACTGCATTTACCATACCTAGTATAA
ACAATGAAACACCAGGGATTAGATATCAATATAATGTGCTTCCACAGGGATGGA
AAGGATCACCAGCAATATTCCAAAGTAGCATGATAAAAATCTTAGAGCCCTTTA
GAACAAAAAATCCAGAAATAGTCATCTATCAATATATGGATGATCTGTATGTAG
GATCTGACTTAGAAATAGGGCAACATAGAGCAAAAATAGAGGAGTTAAGAGCA
CATCTATTAAAGTGGGGATTTACCACACCAGACAAGAAACATCAGAAGGAACC
CCCATTTCTTTGGATGGGGTATGAACTCCATCCTGACAAATGGACAGTACAGC
CTATACAGCTGCCAAAAAAGGATAGCTGGACTGTCAATGATATACAGAAGTTAG
TGGGAAAACTAAACTGGGCAAGTCAGATTTACCCAGGGATTAAAGTAAGGCAA
CTTTGTAAACTCCTTAGGGGGGCTAAAGCACTAACAGACATAGTACCACTAACT
GAAGAAGCAGAATTAGAATTAGCAGAGAACAAGGAAATACTAAAAGA

Output File



https://hivdb.stanford.edu













Drug resistance interpretation algorithms

• At the heart of most genotype interpretation algorithms are 
simple scoring systems, based on the presence of specific 
mutations. 

• Each mutation is associated with a penalty score for each 
drug, so predicted susceptibility to each drug is based on 
sum of penalty scores from all mutations

• Once the total score is calculated the estimated level of 
resistance is summarized as follows:

• Hypersusceptible: total score < 0

• Susceptible: total score 0 to 9

• Potential low-level resistance: total score 10 to 14

• Low-level resistance: total score 15 to 29

• Intermediate resistance: total score 30 to 59

• High-level resistance: total score ≥60



Pros and cons of genotypic 
resistance testing

Pros
• Genotypic testing can be used to detect mutations that are causing 

resistance on a current regimen

• It can also help to conserve treatment options by showing the ineffective 
drug within a particular regimen

Cons
• Generally requires minimum viral load of at least 1000 copies/mL to 

ensure adequate viral amplification

• Cannot detect low-frequency mutations (minority variants) at ≤20%-30% 
of the viral population

• Will only detect currently circulating strains, with no information on 
archived mutations

• It is better at determining which drugs won’t work than which drugs will 
work



Indications for Resistance testing in 
2023 NDoH Guidelines
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The NDoH recommends all children ≥4 weeks 
and ≥3 kg be transitioned to a DTG containing 
regimen
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1. Although objective measures of poor adherence include pharmacy
refills or attendance of scheduled clinic visits in the previous 6-12
months of <80%, adherence difficulties in young children are often
linked to poor tolerability of unpalatable formulations, particularly
LPV/r solution. It is important to ask the caregiver about how the
child tolerates the medication e.g., does the child refuse to swallow
the medicine or spit out or vomit the medicine, and whether the
caregiver has been able to overcome this. Considering these
limitations, objective measures of good adherence could include one
of the following:

a) Pharmacy refills > 80% in the last 6-12 months (if this is
known)

b) Attendance of > 80% of scheduled clinic visits in the last 6-12
months (if this is known)

c) Detection of current antiretroviral drug/s in the client’s blood
or urine, if available

2. If a switch to the 4-in1 capsules does not improve adherence, or is
not available, continue to switch to ABC + 3TC + DTG as for non-
adherent children on LPV/r tablets

3. The following would qualify as HIV experts: the HIV Helplines, a
paediatric infectious disease specialist or the paediatric Third line
ART committee

All children should be initiated on a 
DTG based regimen
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