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Background  
The introduction of highly active antiretroviral therapy (HAART) in late ‘90s has 

changed the history of HIV-1 infection, enabling viral replication suppression and 
CD4 cells recovery. However, HIV persists in host cells as proviral integrated 

DNA. Total HIV-DNA, in addition to HIV-RNA and CD4 count, seems to have a 
prognostic value as a marker of disease progression: high levels of HIV-1 DNA 

are associated with higher risk of viral rebound and blips and disease 
progression, while patients with low levels of HIV-DNA are more likely to achieve 

and maintain viral suppression. Standardized molecular methods for the 
quantification of HIV-DNA are in development based on molecular biology 

techniques for measurement of the two most significant forms of HIV-1 DNA, 

integrated and non-integrated. The aim of this work was to evaluate the 
performance of a new assay designed to detect and quantify HIV-DNA in human 

samples. 

 

Material and methods 
A novel quantitative Real-Time PCR based-assay was developed as a ready-to-

use test with specific sets of primers and probes able to amplify two different 
conserved regions within HIV-1 genome. A third set was included for the internal 

control. These three sets were combined in a lyophilized ready-to-use mix and 
all the targets were co-amplified and detected using a Real-Time PCR instrument 

(CFX96, Bio-Rad). At first, the kit performances were tested with NIBSC PCR 
reference Kit / 95 Series (ARP956). Then, a total of 25 samples from HIV 

suppressed patients addressing to Sacco Hospital were tested: samples were 
selected on the basis of availability of a Genotypic Resistance Test (GRT), 

performed on whole blood to assess the presence of drug resistance mutations 

in proviral genome; three patients with failed GRT analysis were also included. 
PCR reactions were performed on nucleic acids extracted from whole blood.  

 
Results 



The new freeze-dried ready-to-use assay demonstrated robust and accurate 
target amplification, according to the data obtained with NIBSC PCR reference 

Kit and in the clinical practice. This detection kit proved to be specific for HIV-1. 

All tested samples were in accordance with clinical samples previously diagnosed 
as positive. The test showed an optimal linearity and a LoD lower than 10 

copies/reaction. 

 

Conclusions 
The described Real-Time PCR assay proved its effectiveness for the detection 

and quantitation of HIV-1 Proviral DNA in samples. The preliminary study 
showed a high sensitivity and a specificity of 100%. The high-sensitivity and 

specificity of this assay, linearity and quantitation performances, associated with 
the ready-to-use and room temperature storage, would have a direct impact on 

the continuous and correct management of the affected patients. 
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Take-home message: Lyophilization is a widely applicable technology that can be used for stabilizing at room temperature different amplification
mixes with a variety of applications. The ready-to-use format avoids problems related to cross-contamination due to multi-step preparation of common
PCR master mixes. The presented assay is a quick and effective new diagnostic kit for rapid detection of HIV-1 Proviral DNA in human samples. Room
temperature storage and ready-to-use format, together with a high sensitivity and specificity, make this kit a rapid and easy tool to diagnose and
monitor HIV-1 infections in patients.

Conclusions: The described Real-Time PCR assay proved its effectiveness for the detection and quantitation of HIV-1 Proviral DNA in human

samples. The high-sensitivity and specificity, linearity and quantitation performances of this assay would have a direct impact on the continuous and
correct management of the affected patients.

Background: The introduction of highly active antiretroviral therapy (HAART) in late ‘90s has changed the history of HIV-1 infection, enabling
viral replication suppression and CD4+ cells recovery. However, HIV persists in host cells as proviral integrated DNA. Total HIV-DNA, in addition to HIV-
RNA and CD4+ count, seems to have a prognostic value as a marker of disease progression: high levels of HIV-1 DNA are associated with higher risk
of viral rebound and blips and disease progression, while patients with low levels of HIV-DNA are more likely to achieve and maintain viral suppression.
Standardized molecular methods for the quantification of HIV-DNA are in development based on molecular biology techniques for measurement of the
two most significant forms of HIV-1 DNA, integrated and non-integrated. The aim of this work was to evaluate the performance of a new assay
designed to detect and quantify total HIV-DNA in human samples.

STAT-NAT® HIV1-Proviral DNA

Sentinel CH. developed freeze-dried and ready-to-use kit that includes all 
the required elements for the amplification of nucleic acids targets 
(Figure 1). The intended use of this kit is the detection of HIV-1 Proviral 
DNA in human DNA samples extracted from whole blood.

Figure 1: STAT-NAT® HIV1-Proviral DNA assay components and freeze-dried mixes.

A specific set of primers and probe (FAM) was designed to amplify a 
160 bp DNA fragment within a conserved region of HIV-1 genome, a 
second set of primers and probe (FAM) amplifies another conserved 
region of 285 bp of HIV-1 genome and a third set of primers and probe 
(HEX/VIC) amplifies a target gene fragment, used as an internal 
amplification control (IC). In this assay the three targets are co-
amplified and detected by a CFX96 Real-Time PCR instrument (Bio-Rad) 
using the protocol indicated in Table A.

Table A: Thermal cycler protocol. 

Four dried down Standards (STD) are included in the kit, which 
represent 104, 103, 102 and 10 copies/reaction (Figure 2).

Figure 2: HIV-1 Proviral DNA Standard Curve. Each point of the Standard Curve has 
been tested in duplicate.

HIV-1 Proviral DNA assay’s performances were at first evaluated with 
NIBSC PCR reference Kit / 95 Series (ARP956). Then, Analytical tests for 
linearity and sensitivity assessment were performed using a plasmid (IDT) 
containing the HIV-1 target regions.

Then, a total of 25 samples from HIV suppressed patients addressing to 
Sacco Hospital (Milan) were investigated: samples were selected on the 
basis of availability of a Genotypic Resistance Test (GRT), performed on 
whole blood to assess the presence of drug resistance mutations in 
proviral genome; three patients with failed GRT analysis were also 
included. PCR reactions were performed on nucleic acids extracted from 
whole blood. HIV-1 clinical samples quantitation has been investigated 
over STAT-NAT® HIV1-Proviral DNA Standard Curve.

RESULTS

The NIBSC PCR reference Kit / 95 Series (ARP956) was used to assess 
assay performances and specificity. Ten samples, spanning from 2x104 to 
2x10-1 molecules/reaction, were analyzed with results consistent with the 
expected.

The linearity and sensitivity of STAT-NAT® HIV-1 Proviral DNA assay were 
determined by diluting a plasmid (IDT) containing HIV-1 target regions to 
create a panel spanning 107 to 101 copies/reaction. HIV-1 dilutions were 
tested by using Bio-Rad CFX96 (Figure 3).

Figure 3: STAT-NAT® HIV-1 Proviral DNA Linear range.

The linear range was determined between 107 to 10 copies/reaction for 
CFX96.

At last, 25 clinical samples of whole blood from HIV suppressed patients 
addressing to Sacco Hospital were investigated. Leukocyte and CD4+ cells 
count and HIV clade were available. DNA extraction was performed by 
Viroseq assay (Abbott Molecular) or EasyMag (BioMérieux) according to 
manufacturing instructions. 

Eluates were then tested in Real-Time PCR: 10ul and 1ul in reaction.

Figure 4: Clinical samples and Standards (STD) tested with STAT-NAT® HIV-1 Proviral 
DNA Assay.

The analyzed samples range between 4 ng/reaction to more than 1,000 
ng/reaction, with CD4+ counts between 30 and 1,133 cells/ul and 
different HIV clades. All samples provided a correct amplification signal 
with good kinetics and End-point fluorescence; one HIV negative, HBV 
positive sample was used as reference. The quantification of proviral DNA 
was consistent with the DNA input quantity regardless the HIV clade, 
confirming the effectiveness of the test in analysis.
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