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Background:  Understanding a population’s adherence to clinical trial protocol is crucial to the 

study of the rates of HIV transmission under experimental conditions of pre-exposure 

prophylaxis (PrEP) or antiretroviral therapy (ART). The goal of this work is to cost-effectively 

and rapidly screen for the presence of a panel of ARV drugs using a multiplexed approach. We 

describe this analytical method here and discuss the challenges we faced during our transition to 

large-scale (n~10,000 samples) production of this method.  

 

Methods:  The analytical method was developed to detect the following ARV agents:   abacavir, 

amprenavir, atazanavir, darunavir, efavirenz, emtricitabine, indinavir, lamuvidine, lopinavir, 

maraviroc, nelfinavir, nevirapine, raltegravir, ripivirine, ritonavir, saquinavir, stavudine, 

tenofovir, tipranavir, and zidovudine.  After solid phase extraction (SPE) was performed, 30 uL 

of SPE eluent was injected onto a four-channel HPLC system equipped with Dionex pumps 

(Thermo Fisher Scientific). Analytes were eluted from a Hypersil Gold PFP 50 x 2.1 mm; 5 µm 

particle size column (Thermo Fisher Scientific) over 3.1 minutes. We were able to achieve an 

effective run time of 1.5 minutes per sample using a QExactive mass analyzer (Thermo Fisher 

Scientific) and the multiplexing capability of the HPLC system.  The mass spectrometer was 

operated in positive ionization mode at resolution 17,500. The quadrupole was used for isolation 

of the precursor mass and the product masses were determined after fragmentation, in the ion 

trap. Validation studies were performed, including limits of identification, precision, carryover, 

selectivity, and method comparison. After validation was complete, we began analyzing 

multiple, large batches of specimens. The inclusion, across each batch, of internal standards and 

quality control samples prepared at concentrations near the limits of identification, allowed us to 

recognize when components of the analytical system were failing. Once a trend in falling signal 



was determined and its source discovered, we established service or replacement intervals 

accordingly. 

 

Results:  The analytical method was found to have a limit of detection of ≤10 ng/ml for all 

ARV’s, acceptable performance with respect to carryover, selectivity, and precision, and 

acceptable agreement with a reference method.   As we increased the throughput of the assay to 

accommodate a large bolus of specimens, we found that a number of components for the assay 

required better life cycle definition, including: analytical column, autosampler hardware,  ion 

source cleaning, mass calibration, and tuning. We also found a number of challenges associated 

with the acquisition mode of the instrument when panel components share fragments and when 

there may be an isotopic peak interference from one precursor mass to another. 

 

Conclusions:  This rapid HPLC-HRAMS method allows for the multiplexed qualitative 

detection of ARVs in human serum. As we worked to implement this method and run a large set 

of samples, we found that multiple components of the assay were sensitive to increased 

throughput and assay sensitivity decreased over time but was reversed by replacement or service 

of component. Based upon these observations, we implemented stringent maintenance intervals 

in order to maintain the integrity of the assay.  We hope that this work and discussion of the 

importance of stress-testing a method will be useful for other groups developing methods and 

aiming for large-scale production. 

 

 

 

 

 


