
INTRODUCTION 
HIV is a global epidemic affecting an estimated 33.4 
million people, with a disproportionate prevalence 
in the resource limited countries of Africa and Asia. 
Currently HIV/AIDS treatment consists of a 
combination therapy of antiretroviral drugs aimed 
at inhibiting viral replication and restoring immune 
function in order to reduce mortality. However, 
certain point mutations in the viral genome can 
result in drug resistance. A mutation of Lysine to 
Asparagine at RT position 103 in the HIV genome, 
K103N, imparts drug resistance to most non-
nucleoside reverse transcriptase inhibitor (NNRTI) 
drugs. The ability to detect this mutation in an HIV 
infected patient is crucial for the determination of 
the appropriate therapy and inhibiting the 
development of further resistance. This study aims 
to apply recent technological advances towards the 
development of a sensitive molecular point-of-care 

diagnostic, optimized for  resource-poor settings. 

METHODS 
 

K103N drug resistance testing is a multi-step 
process, comprised of ligation, amplification and 
detection steps as can be seen in Figure 1. In the 
ligation step, an amplifiable ssDNA probe 
complementary to a region-of-interest of the 
patient HIV genome is created. During the 
amplification step, cyclical reverse transcription 
and amplification of this ssDNA probe by the 
NASBA technique enables the rapid, isothermal and 
exponential production of multitudinous RNA 
targets for detection. The last step comprises of the 
detection of the amplified RNA targets by the use of 
especially designed molecular beacons.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 1: K103N Assay  Methods. The combination of the ligation step with the 
amplification and detection steps of SMART, create the assay diagnostic techniques. 

(Adapted from Morabito, K, 2011). 
 

In order to achieve the objectives of this study, the 
following procedures were carried out: 
•Optimization of the beacons, probes and primers 
used in the three processes to minimize secondary 
RNA structure, while maintaining strong binding 
energy to reverse complements.  
•NASBA experiments at various K103N 
concentrations ranging from 0% to 100%. This 
enabled the derivation of a model for the 
quantification of patient viral load from the final 
fluorescence results of the detection step. 
 
  

DISCUSSION 
 

The detection limit for K103N detection depends 
on the fluorescence signal generated during 
hybridization. Since fluorescent signal is 
proportional to number of target molecules, 
maximum sensitivity is achieved by optimizing the 
RNA targets produced by NASBA and using 
fluorophores with high fluorescence and quenching 
efficiencies. Thus optimization of the primers and 
probes ensured maximum NASBA amplification 
while the optimization of the beacons ensured 
maximum fluorescence. 
 
The NASBA experiments performed at varying 
10nM K103N concentration showed that at low 
K103N concentrations (≤5%), the concentration of 
K103N in a sample can be quantified from the final 
fluorescence signal of the assay. This model has 
significant clinical applicability as the viral load in a 
patient sample is normally between 500- 10000 
copies/ml and can be as low as 75 copies/ml in 
patients with undetectable viral load. 

CONCLUSION 
 

Optimization of the primers, probes and beacons 
used in the SMART technique, result in a test with 
increased sensitivity and specificity. 

 

A linear region exists at low K103N concentrations 
that  can be used to predict the K103N viral load of 
an unknown sample from the final fluorescent 
signal. 

 

This study has focused on the design and 
standardization of the conditions necessary for 
using SMART for HIV drug resistance mutation 
detection. The next step will consist of the 
optimization of the ligation step. The success of 
these initial steps will allow the design and 
development of the ultimate sample collection 
microchip device and the production and testing of 
a prototype. 
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RESULTS 

a) Optimization 
As  a result of  the optimization of the 
beacons, probes and primers , the following 
results were achieved: 

•104 increase in the experimentally feasible 
range of NASBA from 10μM to 1pM. 

•Reduction in the beacon limited 
experiments, especially at low probe 
concentration. 

•25% increase in the NASBA fluorescent 
signal. 

b) Model Derivation 
NASBA reactions were  carried out using 
varying 10nM K103N probe concentrations 
to yield the results depicted in Figures 2 and 
3 below. 
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OBJECTIVES AND SPECIFIC AIMS 
 

The long-term objective of this study is to develop a 
Simple Method to Amplify RNA Targets (SMART) 
using an isothermal exponential amplification 
assay and the detection of drug resistance 
mutations through the use of molecular beacons. 
This assay will ultimately be implemented in a 
microchip device capable of detecting drug 
resistance from  non-invasive body fluids. The 
specific aims of this study are to:  
•Optimize the techniques for sample isolation, 
nucleic acid amplification and detection.  
•Develop a model that can be used to determine 
the viral load of a patient sample from assay 
results.  

 
 

 

Figure 2: NASBA K103N experimental results with 10nM probe 
stock for a K103N probe concentration ranging from 0-100%. 

Figure 4: Linear Regression Analysis of the relationship 
between K103N concentration and fluorescence at t=90mins 
for K103N concentrations ≤5%. 

Figure 3: NASBA Wild Type experimental results with 10nM probe 
stock for a K103N probe concentration ranging from 0-100%. 
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A linear regression analysis on a plot of 
the fluorescent signal at the end of the 
90min NASBA experiment vs. the K103N 
concentration, enabled the determination 
of the linear relationship between the 
final fluorescent signal and the K103N 
concentration for K103N concentrations  

 5%. 
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