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INTRODUCTION: The Human Immunodeficiency Virus (HIV), the causative agent of AIDS, is a highly mutable lentivirus, a member of the
Retroviridae, with a RNA encoded genome. HIV has the gag/pol/env gene organization typical of retroviruses. Automated drug resistance
predictions, based on mutation rules for the pol gene, are frequently used for HIV. Unfortunately, resistance rules are often trapped in closed
systems, hiding which rules are fired and what events causes them to fire. Within the BioNumerics® software environment, we developed an
open expert system that allows researchers to create, adapt and (re)evaluate their own expert rules in combination with publicly available rule
sets. The flexibility and power of this tool can easily be demonstrated with publicly available HIV data1 and drug resistance algorithms1,2

which allow the prediction of (combinations of) successful anti-retroviral drug therapies, based on the known SNPs in the HIV pol gene.
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METHODOLOGY: The first step involves purification of HIV RNA from plasma. A
reverse transcription and an amplification by RT-PCR is performed on the HIV pol gene,
which is then bi-directionally sequenced. The result is a forward and reverse
chromatogram file containing the protease (PR) and reverse transcriptase (RT) region
(up to codon 335 from the pol gene). The resulting chromatogram files are automatically
assembled in batch, aligned and translated to amino acid (AA) sequences. The PR and
RT parts are stored in separate sequence ‘experiment types’ in the software. The AA
sequences are used as the input for one or more publicly available or proprietary drug
resistance algorithms, offering rules for predicting drug resistances based on specific
SNPs in the sequences analysed. In the example below, algorithms for HIV have been
implemented in BioNumerics® as a set of decision networks. These networks can easily
be created for other applications in virology, epidemiology, microbiology, diagnostics...

DATA PROCESSING: BioNumerics® can convert different
HIV-drug resistance algorithms, available in XML-format from
the Stanford University HIV Database. The conversion of these
rules to decision networks is fully automatic and can easily be
performed in the BioNumerics® software by the user. The
software can handle S-I-R as well as score-based algorithms.
Resistance scores can be processed in high throughput
mode, resulting in a character set containing the resistance
scores using S-I-R mapping with optional reporting.
For research purposes it is possible to run the rules for a
particular drug, or to evaluate specific drug rules in all
algorithms, in order to compare the resistance scores
produced by different algorithms.
For every sequence fed to the system, decision statistics are
recorded, allowing selected rules to be evaluated on a
database selection. All positive or negative decisions a certain
mutation rule can therefore be obtained. Congruence of
experiments can be calculated to compare the differences in
resistance scores obtained with different algorithms, applied
to one or more drugs.
Drug resistance predictions are automatically reported per
database entry (=patient) or for a set of entries (=different
patients or a single patient followed over time). Based on this
report optimal drugs for Highly Active Antiretroviral Therapy
(HAART) can be selected.
BioNumerics’ relational database offers possibilities to store
extra information about the patient (age, gender, dates,…) and
specific clinical information such as CD4 count, viral load
evolutions, etc... obtained from other sources, e.g. a LIMS.

Wild type
Sample

Drug resistance levels 
in character set 

with S-I-R mapping

Resistance scores are calculated 
based on SNP position & SNP
nature, as compared to HIV-1 

wild-type reference strain 

Inspect rules and decision 
for each SNP,  if desired

Patient #123456

FPV
IDV
LPV
NFV
SQV
ATV
TPV
DRV

R
S
I
R
S
S
S
I

Comments: 

HIV1 drug resistance report: 
Protease inhibitors

REFERENCES:

1) http://hivdb.stanford.edu/
2) http://www.kuleuven.be/rega/cev/links/rega_algorithm/index.htm

RT-PCR of the 
HIV-1 pol gene

Auto assemble 
forward and reverse

sequence

Translate to 
AA level 

Split AA-sequence in 
protease & 

reverse transcriptase 
sequence type

Run algorithm rules 
for each drugclass

Drug resistance levels 
in character set 

with S-I-R mapping

Resistance scores are calculated 
based on AA-mutations as 

compared to a HIV-1 
wild-type reference strain

http://www.kuleuven.ac.be/cwis/claim.htm

