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Disclosures 

•  McClernon LLC and bioMONTR provide consulting and 
assay development services for the following: 
•  Abbott Molecular 
•  Celera 
•  DNA Genotek, Inc. 
•  GlaxoSmithKline LLC 
•  Quest Diagnostics 
•  ViiV Healthcare 
•  Vivebio LLC 



Objectives 

•  Trace development of  a molecular diagnostic assay for an 
unmet clinical need 

•  Describe potential benefits of  collaborative relationships 
with pharma and external researchers in bringing up novel 
tests 

•  Discuss how assay development is imperative to drive 
specialized testing 



Entire System ≠ Individual Pieces of  a Test 
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Typical Assay Development Process 
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Draft 
Preliminary Concept Paper — Not for Implementation 

 
  

2.2 Procedures 
 
The parallel development of a drug and a diagnostic is a relatively new aspect of drug 
development and calls for careful coordination.  Figure 2 illustrates approximate time points 
during the drug development process for a noncombination product at which formal industry-
FDA interactions normally take place.  For additional information on combination products and 
the intercenter review process, see the Office of Combination Products Website at 
http://www.fda.gov/oc/combination. 
 
Voluntary submissions (i.e. Voluntary Genomic Data Submissions, VGDS), a new approach 
introduced in the guidance for industry Pharmacogenomic Data Submissions, can be used 
throughout this development process to present and discuss data with the Agency that are not used 
for regulatory decision making, but could have an effect on the overall development strategy.  Such 
voluntarily submitted data will not be used for regulatory decision making by the FDA and is not 
included in the evaluation of an IND, IDE, or market application. 
 
The co-development pathway for the in vitro diagnostic should be determined early in development.  
FDA recommends that sponsors seek discussions with FDA that involve the reviewing centers, the 
OCP, and the manufacturers of both the diagnostic and the therapeutic drug, as appropriate.  These 
pre-IND/IDE processes are outlined in existing FDA guidance documents.  
 
Figure 2.  Drug-Device Co-Development Process:  Formal Industry-FDA Interactions 
(Noncombination Product Example) 
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HIV-1 Viral Load 

•  Used to determine efficacy of  highly active antiretroviral therapy (HAART) 

•  Suppression to <50 c/mL is standard of  care……treatment regime is working 

•  However, 10-15% of  HIV infected individuals on therapy and fully suppressed 
(<50 c/mL) go on to experience neurological cognitive dysfunction 

•  What biomarkers could be used to determine/predict which cohort of  
individuals will have issues 

•  Could detection of  HIV-1 RNA below the current <50 c/ml cutoff  be used as 
a sufrogate biomarker for drug penetration across the blood:brain barrier in 
HIV+ individuals? 



Summary of  Assays for HIV Viral Load 

Company Assay Name Technique Sample Volume 
(mL) 

Range (c/mL) 

Abbott Molecular RealTime HIV-1 
Viral Load 

RT-PCR 0.6 – 1.2 40-10M 

Siemens 
Healthcare 

Versant HIV-1 3.0 
(bDNA) 

Hybridization/
signal 
amplification 

1 50/75-500,000 

bioMerieux NucliSENS 
EasyQ v1.2 

NASBA 

Roche Amplicor HIV-1 
Monitor v1.5 

RT-PCR 0.5 50-750,000 

Roche COBAS 
Ampliprep/
COBAS TaqMan 

RT-PCR 0.5 48-10M 

Qiagen QIAsymphony RT-PCR 



CHARTER Study Design 

§  Participants 
§  317 HIV-infected individuals from the CHARTER cohort who 

completed standardized assessments, had successful lumbar 
punctures, and had HIV RNA levels measured in both plasma and 
CSF (<50 c/mL with FDA approved assay) 

§  Laboratory Procedure 
§  Utilized a SuperLow HIV-1 assay (modified protocol) and 

experimental algorithm that allows detection of  HIV-1 to 2 
copies/mL RNA (EasyQ commercially available from 
bioMerieux) 

 
 



CHARTER Study Objectives 

§  Determine the proportion of  CSF specimens that had RNA 
>2 c/mL 

§  Determine the correlates of  HIV RNA levels >2 c/mL, 
including the effect of  antiretroviral penetration 



§  Lower CPE Scores trended 
towards being associated with 
detectable HIV in CSF (p = 0.09) 

§  TFV users had more than twice 
the odds of  having detectable 
HIV in CSF as users of  either 
ABV or ZDV (OR 2.46, p = 0.04) 



(N=41) (N=137) (N=108) (N=31)
Increasing P-E Score

58% 36% 29% 23%



Study Conclusions 

§  Reduced antiretroviral penetration was associated with detectable 
HIV in CSF based on our HIV-1 SuperLow assay 

§  SuperLow HIV-1 real time assay detected HIV RNA in 49% of  
CSF specimens that were undetectable by the standard Roche 
COBAS assay.  We conclude a more sensitive HIV viral load assay 
may be needed to monitor CSF neurological impaired individuals.  

§  Demonstrated possible clinical utility of  SuperLow HIV-1 VL 
assay in HIV CNS disease.  Prospective trials have been initiated 
with collaborative groups funded by HIV pharma companies. 



HIV-1 SuperLow Assay: 
Precision 
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Results (cont’d)Introduction

As new antiretroviral therapies (ART) such as Integrase 
inhibitors become standard of care, accurate ultra low viral 
load monitoring will become increasingly important.  Equally 
important will be clinical monitoring of ART potency using 
assays that detect below the current FDA approved assay 
cutoffs.1  Here we describe a new HIV-1 SuperLow Assay for 
detection of HIV-1 RNA at ultra low levels, developed using a 
modified protocol of a CE marked commercial kit.
We validated the HIV-1 SuperLow Assay for real-time HIV-1 
quantitation for hit rate, precision/accuracy, and reportable 
range utilizing commercial controls.  Retrospective analysis 
of plasma specimens (previously <50 c/mL) was conducted 
to assess the performance of this assay for the detection of 
ultra low HIV-1 RNA levels.
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Conclusions

• The HIV-1 SuperLow Assay demonstrated  
impressive hit rates: 95% at 15 c/mL and 70% at 7 
c/mL.

• The HIV-1 SuperLow Assay has a reportable range 
of 2 to 10,000,000 c/mL.

• The assay was verified to have acceptable precision 
and accuracy well within the range considered to 
be statistically significant for clinical interpretation.  
As expected, the precision decreases when the 
concentration of the analyte decreases.  

• All results obtained from QCMD Panel Members 
were as expected and quantitative  performance on 
paired samples were within 0.5 log units of the 
median.  bioMONTR’s Quantitative Consensus 
Panel Score ranked in the 73rd percentile of all 
datasets (i.e., 27% of all datasets had the same, or 
better, score).

• The assay produced reportable quantitative results 
as low as 3 c/mL for samples previously reported 
as <50 c/mL with an FDA approved commercial 
assay.

• The HIV-1 SuperLow Assay will be a valuable tool 
for monitoring HIV-1 viral load and patient 
response in drug development and clinical trial 
programs.

Method
• Viral subtype B RNA in HIV-1 negative human plasma and 

panel members from the 2011 Human Immunodeficiency 
Virus RNA EQA Programme (available from Quality 
Control for Molecular Diagnostics (QCMD)) were 
extracted on bioMerieux’s (Durham, NC) NucliSens® 
easyMAG® platform.

• Extracts were analyzed using bioMONTR’s proprietary 
HIV-1 SuperLow Assay described here-in which utilizes 
components of bioMerieux’s commercially available 
(RUO) EasyQ® HIV-1 v2.0.

• Testing on the HIV-1 SuperLow Assay was performed 
using a 2.0 mL sample input, with the exception of 
QCMD panel samples which were 1.0 mL each.  The 
acceptable maximum allowable standard deviation (SD) 
criteria of ± 0.50 log10 c/mL was established based on 
criteria by the HHS Panel on Antiretroviral Guidelines.2   

• For determination of Precision and the Limit of Detection 
(LOD), dilutions of Virology Quality Assurance (VQA) viral 
standards were made in HIV-1 negative human plasma 
yielding dilutions of approximately 3, 6, 12, 24, 48, 72, 
and 96 c/mL.  At least 27 replicates of each 
concentration were tested using a single lot of extraction 
and amplification reagents.  Probit analysis to determine 
the 95% hit rate using Percent Detected (PD) values at 
each dilution.  Excel 2007 (Microsoft) function NORMSINV
(z) was used to translate PD values to probit values.   

• For testing analytical measurement range, Virology 
Quality Assurance (VQA) stock material at 107 log was 
diluted 1:10 serially 5X in normal HIV-1 negative human 
plasma to yield dilutions of 1:10, 1:100, 1:1,000, 
1:10,000 and 1:100,000 and tested in a single run. 

Results (cont’d)

The LOD was determined by testing replicates of normal 
human plasma spiked with a range of HIV-1 RNA from 3 to 
96 c/mL.  Probit analysis (See Figure 1) revealed that the 
concentration of HIV-1 RNA detected with 95% probably is 15 
c/mL (1.18 log c/mL) and with 70% probably is 7 c/mL (0.85 
log c/mL).
Precision test results are summarized in Table 1.  At HIV-1 
concentrations below 48 c/mL, the precision was slightly 
above the expected variation of the commercial assay (+/- 
0.30 log) based on published literature.3  Negative Controls 
consistently had results of “<Lower Detection Limit”.
Retrospective analysis of 251 plasma specimens previously 
determined to be <50 c/mL with an FDA approved 
commercially available assay was conducted.  37% (n=92) 
were quantitated yielding results between 3-400 c/mL.  63% 
(n=158) reported results of “<Lower Detection Limit (or <2 
c/mL).  1 sample yielded an invalid result. Results are 
presented in Figure 2.
Panel members from the 2011 Human Immunodeficiency 
Virus RNA EQA Programme (available from QCMD) were 
analyzed.  Results are presented in Table 2.
Testing diluted samples from 3 to 8.3M c/mL demonstrated 
a direct proportional relationship between the dilution factor 
and the number of HIV-1 RNA copies reported by the assay; 
thus, confirming the manufacturer’s reported linear 
quantitative range of 25 to 7.9M c/mL (data not shown).
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Table 2.  Results from QCMD 2011 Human Immunodeficiency Virus      
RNA EQA Programme.  

Table 1.  Precision Test Results

Panel Code Sample Content Mean QCMD 
Concentration            

(N = 181)

Mean QCMD 
Concentration            

(N = 181)

HIV-1 SuperLow 
Results                      
(N = 1)

HIV-1 SuperLow 
Results                      
(N = 1)

c/mL Log c/mL c/mL Log c/mL
HIVRNA11-01 HIV Type C
HIVRNA11-02 HIV Type C
HIVRNA11-03 HIV Type B
HIVRNA11-04 HIV-1 Neg Plasma
HIVRNA11-05 HIV Type B
HIVRNA11-06 HIV Type A/G
HIVRNA11-07 HIV Type B
HIVRNA11-08 HIV Type B

10,914 4.04 4,600 3.66
1,106 3.04 770 2.89
2,924 3.47 2,200 3.34

Negative Negative <LDL <LDL
3,119 3.49 3,100 3.49

207,014 5.32 140,000 5.15
11,508 4.06 11,000 4.04

449 2.65 350 2.54

Acknowledgments
The authors would like to thank bioMerieux for their support during  
this validation study.

Target Input (copies/mL)Target Input (copies/mL)Target Input (copies/mL)Target Input (copies/mL)Target Input (copies/mL)Target Input (copies/mL)Target Input (copies/mL)

3 6 12 24 48 72 96

N

Mean, c/mL

Std Dev, c/mL

Mean, LOG c/mL

Std Dev, LOG c/mL

25 25 26 35 27 27 27

3 6 9 23 52 83 75

1 6 7 18 41 56 41

0.33 0.61 0.81 1.23 1.60 1.83 1.81

0.28 0.36 0.32 0.34 0.33 0.26 0.25

Figure 1.  Results of the Probit Analysis   

Figure 2.  Retrospective Analysis of Plasma Specimens   
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HIV-1 SuperLow: 
Probit Analysis 
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Results (cont’d)Introduction

As new antiretroviral therapies (ART) such as Integrase 
inhibitors become standard of care, accurate ultra low viral 
load monitoring will become increasingly important.  Equally 
important will be clinical monitoring of ART potency using 
assays that detect below the current FDA approved assay 
cutoffs.1  Here we describe a new HIV-1 SuperLow Assay for 
detection of HIV-1 RNA at ultra low levels, developed using a 
modified protocol of a CE marked commercial kit.
We validated the HIV-1 SuperLow Assay for real-time HIV-1 
quantitation for hit rate, precision/accuracy, and reportable 
range utilizing commercial controls.  Retrospective analysis 
of plasma specimens (previously <50 c/mL) was conducted 
to assess the performance of this assay for the detection of 
ultra low HIV-1 RNA levels.
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Conclusions

• The HIV-1 SuperLow Assay demonstrated  
impressive hit rates: 95% at 15 c/mL and 70% at 7 
c/mL.

• The HIV-1 SuperLow Assay has a reportable range 
of 2 to 10,000,000 c/mL.

• The assay was verified to have acceptable precision 
and accuracy well within the range considered to 
be statistically significant for clinical interpretation.  
As expected, the precision decreases when the 
concentration of the analyte decreases.  

• All results obtained from QCMD Panel Members 
were as expected and quantitative  performance on 
paired samples were within 0.5 log units of the 
median.  bioMONTR’s Quantitative Consensus 
Panel Score ranked in the 73rd percentile of all 
datasets (i.e., 27% of all datasets had the same, or 
better, score).

• The assay produced reportable quantitative results 
as low as 3 c/mL for samples previously reported 
as <50 c/mL with an FDA approved commercial 
assay.

• The HIV-1 SuperLow Assay will be a valuable tool 
for monitoring HIV-1 viral load and patient 
response in drug development and clinical trial 
programs.

Method
• Viral subtype B RNA in HIV-1 negative human plasma and 

panel members from the 2011 Human Immunodeficiency 
Virus RNA EQA Programme (available from Quality 
Control for Molecular Diagnostics (QCMD)) were 
extracted on bioMerieux’s (Durham, NC) NucliSens® 
easyMAG® platform.

• Extracts were analyzed using bioMONTR’s proprietary 
HIV-1 SuperLow Assay described here-in which utilizes 
components of bioMerieux’s commercially available 
(RUO) EasyQ® HIV-1 v2.0.

• Testing on the HIV-1 SuperLow Assay was performed 
using a 2.0 mL sample input, with the exception of 
QCMD panel samples which were 1.0 mL each.  The 
acceptable maximum allowable standard deviation (SD) 
criteria of ± 0.50 log10 c/mL was established based on 
criteria by the HHS Panel on Antiretroviral Guidelines.2   

• For determination of Precision and the Limit of Detection 
(LOD), dilutions of Virology Quality Assurance (VQA) viral 
standards were made in HIV-1 negative human plasma 
yielding dilutions of approximately 3, 6, 12, 24, 48, 72, 
and 96 c/mL.  At least 27 replicates of each 
concentration were tested using a single lot of extraction 
and amplification reagents.  Probit analysis to determine 
the 95% hit rate using Percent Detected (PD) values at 
each dilution.  Excel 2007 (Microsoft) function NORMSINV
(z) was used to translate PD values to probit values.   

• For testing analytical measurement range, Virology 
Quality Assurance (VQA) stock material at 107 log was 
diluted 1:10 serially 5X in normal HIV-1 negative human 
plasma to yield dilutions of 1:10, 1:100, 1:1,000, 
1:10,000 and 1:100,000 and tested in a single run. 

Results (cont’d)

The LOD was determined by testing replicates of normal 
human plasma spiked with a range of HIV-1 RNA from 3 to 
96 c/mL.  Probit analysis (See Figure 1) revealed that the 
concentration of HIV-1 RNA detected with 95% probably is 15 
c/mL (1.18 log c/mL) and with 70% probably is 7 c/mL (0.85 
log c/mL).
Precision test results are summarized in Table 1.  At HIV-1 
concentrations below 48 c/mL, the precision was slightly 
above the expected variation of the commercial assay (+/- 
0.30 log) based on published literature.3  Negative Controls 
consistently had results of “<Lower Detection Limit”.
Retrospective analysis of 251 plasma specimens previously 
determined to be <50 c/mL with an FDA approved 
commercially available assay was conducted.  37% (n=92) 
were quantitated yielding results between 3-400 c/mL.  63% 
(n=158) reported results of “<Lower Detection Limit (or <2 
c/mL).  1 sample yielded an invalid result. Results are 
presented in Figure 2.
Panel members from the 2011 Human Immunodeficiency 
Virus RNA EQA Programme (available from QCMD) were 
analyzed.  Results are presented in Table 2.
Testing diluted samples from 3 to 8.3M c/mL demonstrated 
a direct proportional relationship between the dilution factor 
and the number of HIV-1 RNA copies reported by the assay; 
thus, confirming the manufacturer’s reported linear 
quantitative range of 25 to 7.9M c/mL (data not shown).
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Table 2.  Results from QCMD 2011 Human Immunodeficiency Virus      
RNA EQA Programme.  

Table 1.  Precision Test Results

Panel Code Sample Content Mean QCMD 
Concentration            

(N = 181)

Mean QCMD 
Concentration            

(N = 181)

HIV-1 SuperLow 
Results                      
(N = 1)

HIV-1 SuperLow 
Results                      
(N = 1)

c/mL Log c/mL c/mL Log c/mL
HIVRNA11-01 HIV Type C
HIVRNA11-02 HIV Type C
HIVRNA11-03 HIV Type B
HIVRNA11-04 HIV-1 Neg Plasma
HIVRNA11-05 HIV Type B
HIVRNA11-06 HIV Type A/G
HIVRNA11-07 HIV Type B
HIVRNA11-08 HIV Type B

10,914 4.04 4,600 3.66
1,106 3.04 770 2.89
2,924 3.47 2,200 3.34

Negative Negative <LDL <LDL
3,119 3.49 3,100 3.49

207,014 5.32 140,000 5.15
11,508 4.06 11,000 4.04

449 2.65 350 2.54
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3 6 12 24 48 72 96

N

Mean, c/mL

Std Dev, c/mL

Mean, LOG c/mL

Std Dev, LOG c/mL

25 25 26 35 27 27 27

3 6 9 23 52 83 75

1 6 7 18 41 56 41

0.33 0.61 0.81 1.23 1.60 1.83 1.81

0.28 0.36 0.32 0.34 0.33 0.26 0.25

Figure 1.  Results of the Probit Analysis   

Figure 2.  Retrospective Analysis of Plasma Specimens   
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HIV-1 SuperLow Assay: 
Performance Characteristics 

§  Proprietary bioMONTR Assay 

§  RESEARCH USE ONLY 

§  Performance Characteristics 
§  Plasma, Serum or CSF (up to 2 mL) 
§  Limit of  Detection:  2 c/mL 

§  Reportable Range:  2 to 10 M c/mL 
§  70% hit rate:  7 c/mL; 95% hit rate:  15 c/mL (with 2 mL sample input) 

§  Clinical Specimen Study:  Retrospective analysis of  251 plasma specimens previously 
<50 c/mL with FDA approved assay.  37% (n = 92) yielded results ranging from 3 – 400 
c/mL with SuperLow Assay.  63% (n = 158) were <2 c/mL with SuperLow Assay.   



Timeline:  CSF HIV-1 RNA as a possible 
biomarker for HIV drug efficacy and HIV 

patient management 

1995-2002 

•  Researchers determine HIV-1 RNA in CSF could be a used as a biomarker/
predictor for HIV associated neurological dysfunction. 

2002-2009 

•   Assay development in association with HIV drug development programs 
work to establish correlation/clinical utility of  monitoring low HIV-1 viremia 
in HIV+ population. 

2009 -
Ongoing 

•  Prospective clinical trials initiated to determine clinical utility of  HIV-1 low 
viremia test in combination with new HIV drug development = change in 
clinical management of  HIV+ cohort experiencing neurological dysfunction 



Collaborative Efforts 

Diagnostics Pharmaceuticals
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