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• Principles of resistance interpretation 

• Approaches to developing an expert system

• HIVDB drug resistance “knowledgebase”

• HIVDB drug resistance interpretation program



Expert Systems: Rule-Based vs. Machine Learning

• Rule-Based

• Can use data from a wide variety of sources. Even if the raw data are not 
available

• Can integrate expert opinion

• Transparent / Educational

• Subjective

• Machine learning

• Requires massive amount of raw data

• Lacks explanatory component

• Can be optimized to a given dataset



Rules-Based Expert Systems

• Logical rules
• Example: “At least 4 mutations among: M41L, E44D, D67N, T69D/N/S, L74V/I, 

L210W, T215A/C/D/E/G/H/I/L/N/S/V/Y/F” => TDF resistance (ANRS)

• Scores
• Scores for individual mutations and for combinations of mutations

• Adding up the scores leads to a level of drug resistance



Goals of Expert Systems

• Yields an optimal result

• May not be correct

• But is guaranteed to be optimal according to some criteria

• Mimics an expert 

• May not be correct

• Expert often gives background information 



Additional Limitations

• Doesn’t contain sufficient information to choose a regimen without 
knowledge of:

• Principles of HIV therapy

• Treatment guidelines 

• Other information about a patient

• Currently doesn’t recommend regimens



HIVDB Program: Levels of HIVDR

Resistance Level Definition Score range

Susceptible No evidence of reduced susceptibility <10

Potential low level resistance DRMs consistent with previous ARV exposure or DRMs associated 
with resistance only when they occur with other DRMs 

10-14

Low-level resistance DRMs associated with a reduction in vitro ARV susceptibility or a 
suboptimal virological response to ARV treatment. 

15-29

Intermediate resistance A high likelihood that ARV activity would be reduced. However, the 
ARV would likely still retain antiviral activity. 

30-59

High-level resistance A level of resistance similar to that observed in viruses with the 
highest levels of reduced in vitro susceptibility or in viruses that 
have little or no virological response to ARV treatment. 

≥60



How DRM Scores are Derived

• Selected by drugs in vitro (“passage experiments”)

• Selected by drugs in vivo (persons developing virological failure) 

• Prevalence of mutations in ARV-naïve and ARV-experienced persons

• Reduce in vitro susceptibility (“phenotypic testing”)

• Site-directed mutants

• Clinical isolates

• Reduce response to a salvage therapy regimen
• Clinical trials

• Retrospective cohort studies



Virological Response Data

Treatment-change episode (TCE)

Analysis of TCE data

Pre-Genotype Factors:
Rx History
VL
CD4

Post-Genotype Factors:
Did care provider use genotype?
Other ARVs
Adherence



How DRM Scores are Derived - Expert Opinion

• Balancing the previous lines of evidence.

• Accounting for the fact that some ARVs are more potent than others 
or have performed better in clinical trials.

• Individual and combination scores are titrated so they produce the 
“correct” level of resistance: Susceptible, Potential low level, Low 
level, Intermediate, High level



Outline

• Principles of resistance interpretation and expert systems

• HIVDB drug resistance “knowledgebase”

• Scores, comments, and notes pages

• HIVDB drug resistance interpretation program



HIVDB Home Page



HIVDB Program and Supporting Material 



Notes (INSTIs)



Notes (NRTI Table)



Handout with Tables: NRTIs and NNRTIs



Handout with Tables: INSTIs and PIs



Comments and Mutation Classification (INSTIs)



Scores (INSTIs Individual Mutations)



Scores (INSTIs,  sorted by DTG)



Scores (Mutation Combinations, INSTIs)



Published NRTI Mutation Patterns



Published INSTI Mutation Patterns



Published INSTI Mutation Patterns (Sorted by DTG)



NRTIs



Expert Panel Paper: Susceptibility Data for NRTI Mutation Patterns



PIs



INSTIs



Outline

• Principles of resistance interpretation 

• HIVDB drug resistance “knowledgebase”

• HIVDB drug resistance interpretation program



HIVDB Program Landing Page

Release Notes



HIVDB Program Landing Page: Mutation List Options



Mutation List Example



PI Interpretation - Mutation Classification, Levels, Comments



PI Interpretation - Scoring



RTI Interpretation - Mutation Classification and Levels



RTI Interpretation - Comments



RTI Interpretation - Scoring



INSTI Interpretation - Mutation Classification, Levels, Comments 



INSTI Interpretation - Scoring 



Release Notes: Table of Contents



Program Input Options



Program HTML Output



Program Spreadsheet Output Files



HIVDB Program Landing Page



HIVDB Program: Input 10 Sequences. HTML Header



HIVDB Program: Alignment, Subtype, Surveillance DRMs



HIVDB Program: PR Interpretation



HIVDB Program: PI scores



HIVDB Program: RT Interpretation



HIVDB Program: NRTI and NNRTI Scores


