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Abstract
Background—Optimal care of persons infected with human immunodeficiency virus type 2
(HIV-2) requires an accurate assessment of HIV-2 plasma viral load (VL), but no clinically-
approved quantitative HIV-2 RNA VL assay exists.

Objectives—To validate a novel quantitative HIV-2 RNA assay for clinical and research use.

Study Design—The Abbott m2000sp/rt platform was adapted for quantification of HIV-2 RNA
in plasma. Amplification targeted a region of the long terminal repeat conserved in Group A and B
HIV-2. Electron microscopy-counted-HIV-2 standards, the WHO/NIBSC HIV-2 International
Standard and clinical specimens (N=162) were used to determine the precision, sensitivity,
specificity, linear range, accuracy, and clinical performance of the assay.

Results—The quantitative linear range of the HIV-2 RNA assay was 10–1,000,000 copies/mL
(R2 >0.99), with a limit of detection of 8 copies/mL (95% CI, 5–18 copies/ml). The assay did not
cross-react with HIV-1, and quantification of HIV-2 RNA was not affected by the presence of >5
log10 HIV-1 RNA copies/mL. The total standard deviation (SD) and intra- and inter- run SD were
0.095, 0.093 and 0.162, respectively, at nominal inputs of 3.7, 1.7 and 1.0 log10 HIV-2 RNA
copies/mL. The HIV-2 WHO/NIBSC International Standard (1000 IU) was shown to contain 152
RNA copies/mL (95% CI 141–163). Overall, HIV-2 RNA was quantified at ≥ 10 copies/mL from
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86 (53%) clinical specimens (median, 2.24 log10copies/mL; range 10–16870), and nine specimens
(6%) had HIV-2 RNA detected at <10 copies/mL.

Conclusions—We developed and validated a highly-sensitive HIV-2 VL assay that is suitable
for clinical and research use.
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1. Background
HIV-2 is endemic in West Africa and has spread globally with an estimated 1–2 million
infections worldwide.1–4 Compared to HIV-1, patients infected with HIV-2 often have a
longer asymptomatic stage, slower decline in CD4cells and decreased AIDS-associated
mortality: this is thought to primarily be due to the very low HIV-2 plasma viral loads found
in the majority of untreated patients, with 25–35% behaving as “elite-controllers”.5–8 In
areas where HIV-2 and HIV-1 co-circulate, some patients are dually infected with both HIV
types.9–11 Eight different HIV-2 Groups (A-H) have been reported, however, only Groups A
and B are found to commonly infect humans.12,13

As is the case for HIV-1, sensitive and accurate measurements of HIV-2 viral load (VL) are
critical for clinical management and monitoring of antiretroviral therapy. 14,15 United States
FDA-approved and commercial HIV VL assays available internationally do not accurately
detect or quantitate HIV-2 RNA in plasma16,17 and assays specific for HIV-2 RNA are
limited to “in-house” methods designed for research use. 18,19 Thus, there is a global need to
develop an independently validated VL assay for clinical care of HIV-2-infected patients
that can be used in international settings.

2. Objectives
Our objectives were to develop a quantitative HIV-2 plasma RNA assay that uses the Abbott
m2000 platform and to validate the assay following Clinical and Laboratory Standards
Institute (CLSI) guidelines for clinical use20,21 and guidelines recommended by the pSMILE
project (Patient Safety Monitoring in International Laboratories) (www.psmile.org).

3. Study design
3.1 HIV-2 and internal control (IC) multiplex RT-PCR

The following HIV-2 LTR sequence-specific primers and probe were used: forward primer
(5′-GCGGAGAGGCTGGCAGAT-3′); reverse primer (5′-
GAACACCCAGGCTCTACCTGCTA-3′); and probe (5′-6FAM-
AGAGAACCTCCCAGG-NFQMGB-3′), as previously described.22 A non-competitive IC
was ~1000-nt-long RNA synthesized in vitro (E. Ramos, MSc Thesis, UW, 2009).23 The
forward and reverse primers for the amplification of IC RNA were 5’-
GCAAATGTTAGCTAGTGCATCCA-3’ and 5’- TGTCACTTCCCCTTGGTTCTCTC-3’,
respectively; the probe sequence was 5’-VIC-ATTGTAGTTGGTAGGAC-NFQMGB-3’.
Reactions contained 1× RT-PCR buffer and 1x RT-PCR Enzyme Mix (AgPath™ One-Step
RT-PCR Reagents Kits, Invitrogen Co, Carlsbad, CA), 600 nM of HIV-2 primers, 200 nM
HIV-2 probe, 100 nM IC primers and 50 nM IC probe in a total volume of 100 µL. The
following real-time PCR cycling parameters were used: 45°C for 10’ and 95°C for 10’
followed by 45 cycles at 95°C for 20“ and 60°C for 1’.
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3.2 HIV-2 standards
We used the electron microscopy viral particle counted HIV-2 strain NIH-Z (Group A) as a
standard (7.2 × 1010 viral particles/ml; Advanced Biotechnologies, Inc., Columbia, MD).
Since two RNA genomes are packed in each viral particle, we calculated nominal RNA
copies/mL by multiplying viral particles/mL by two. Serial dilutions of HIV-2 standards and
positive controls were prepared in HIV-seronegative defibrinated human plasma
(Basematrix 53, SeraCare Life Sciences, Inc., Milford MA). Following establishment of the
linear range, for each assay run, four HIV-2 calibrators were analyzed at concentrations of
100000, 5000, 500 and 100 copies/mL. An HIV-2 Group B EHO viral stock (obtained from
Jan McClure, UW) was also used to verify the assay linear range.24

3.3 Clinical samples
Plasma controls from HIV-uninfected individuals were confirmed using the Genetic
Systems HIV1/2-Plus-O-EIA (Bio-Rad, Redmond, WA). HIV-1 RNA levels in all HIV-1-
seropositive plasma samples were quantified using the Abbott HIV-1 RealTime assay
(Abbott Molecular, Des Plaines, IL). HBV and HCV clinical specimens were provided by
the UW Molecular Diagnostic Laboratory. United States (US) HIV-2– infected clinical
samples originated from California, New York, Maryland, Massachusetts, Texas and
Washington states. All clinical specimens were de-identified as required by the UW Humans
Subjects Division.

Senegalese HIV-2 patient plasma samples were collected as part of ongoing studies of
immune correlates of HIV-2 infection in antiretroviral (ARV)-naïve subjects (IE)25 and
antiretroviral therapy for HIV-2 (H2A).22,26 HIV-2–infected individuals with clinical AIDS,
CD4 counts <200/mm3, or CD4 counts <350/mm3 with clinical HIV-related symptoms were
treated with antiretrovirals as part of the Senegalese Government Antiretroviral program
(ISAARV) at the Clinique Des Maladies Infectieuses Ibrahima DIOP MAR, Dakar, Senegal.
All study subjects provided written informed consent, and specimens were collected with
human subjects approval from the UW, the University of Dakar, and the Senegalese
Ministry of Health Institutional Review Boards.

3.4 HIV-2 Assay procedure
The Abbott m2000sp/rt platform was used to process patient plasma samples and amplify
extracted RNA according to a standard operating procedure developed by UW CFAR
Clinical Retrovirology Laboratory. The Abbott m2000sp instrument was operated by a
customer-specific protocol that processed 1-mL aliquots of EDTA plasma and generated a
65-µL RNA eluate. A Master Mix Addition protocol was used to load 60 µL of RT-PCR
reagent mix and transfer 40 µL of RNA eluate to the PCR plate. Approximately 600 copies
of IC RNA per sample were co-extracted and co-amplified along with the HIV-2 RNA, and
the amplified products were detected using the Abbott m2000 instrument. HIV-2 RNA
levels were calculated using the m2000rt LDA software. The threshold setting for HIV-2
6FAM fluorescence was set at 0.02.

3.5 Potential interfering substances
The OptiChallenge Inhibition Panel (Acrometrix Life Technologies, Benicia, CA) was used
to determine the extent to which each of seven different factors interfered with HIV-2 RNA
quantification. The Certificate of Analysis for this panel listed tested concentrations of
hemoglobin, heparin, bilirubin and triglycerides. HIV-2 standard was added to diluted
aliquots, in HIV-negative plasma, of each panel member to achieve a final HIV-2 RNA
concentration of 2.48 log10 copies/mL.
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3.6 Statistical analyses
To determine the linearity of the assay, serial dilutions of HIV-2 standards were prepared in
HIV-seronegative EDTA plasma at concentrations of 10, 50, 100, 1000, 5000, 100,000,
500,000 and 1,000,000 RNA copies/ml, and the samples were subjected to VL testing. Data
used to determine the linear range of the assay were evaluated by linear and polynomial
regression analyses using the trendline/regression tool of Excel 2010 (Microsoft Corp,
Redmond WA). The FDIST function of Excel was used to calculate the correlation
coefficients produced by linear, second- and third-order polynomial equations. The lower
limit of detection was determined by probit regression analysis (SPSS version 13, Chicago,
IL). For assay precision, the statistical method designed for the one-per-day run described in
CLSI document EP5-A2 27 was used to calculate total standard deviation (SD), within-run
SD, between-run SD and total coefficient of variation (CV). Data from experiments with the
Optichallenge Inhibition Panel were tested for statistically significant differences using
generalized linear models with Bonferroni’s corrections (PROC GLM, SAS version 9.3,
SAS Inc., Cary NC).

4. RESULTS
4.1 HIV-2 Assay Linear range and lower limit of detection

The linear range of the assay was determined using serial dilutions of EM-counted HIV-2
NIH-Z stocks (Group A) prepared in HIV-seronegative EDTA plasma. We consistently
observed a linear response across the entire range of NIH-Z RNA concentrations tested
(nominal 10–1,000,000 copies/ml)(Figures 1 and S1). Fitting of the data to second- or third-
order polynomial equations did not significantly change the regression coefficient,
indicating that the relationship between observed and nominal RNA values was well-
described by the linear model (data not shown). Similar results were obtained using plasma
samples spiked with 10-fold serial dilutions of HIV-2 EHO (Group B) through a linear range
of 1.0 to 6.5 log10 RNA copies/ml (Figure S2).

To determine the lower limit of detection (LLOD), HIV-2 NIH-Z standards were prepared at
20, 10, 5, 2, 1 and 0.5 RNA copies/mL. A total of 18 replicates were tested for each RNA
concentration on three different days. The sensitivity of detection was 100% for RNA
concentrations ≥10 copies/mL (Table 1). Based on probit regression analysis, the mean
LLOD for the assay was 8 HIV-2 RNA copies/mL (95% CI, 5–18 copies/mL).

4.2 HIV-2 Assay Precision and Accuracy
Assay precision was evaluated by preparing standards at nominal concentrations of 5000, 50
and 10 RNA copies/mL and quantifying the level of HIV-2 RNA in each sample daily in
duplicate for 21 days (Table 2). The observed mean of the nominal 3.7 log10 copies/mL was
3.67 log10 copies/mL (95% CI 3.47–3.87 log10 copies/mL). However, the nominal 1.0 log10
copies/mL control had a higher than expected observed mean of 1.48 log10 copies/mL (95%
CI 1.17–1.79 log10 copies/mL). The average slope of the observed calibration curve (−3.40)
was less than the expected value (−3.32), which resulted in an inflated quantification of the
low-copy number samples. Additionally, HIV-2 standards at 1.0 log10 copies/mL were
found to have a lower than expected cycle number (CN) (Figures 1, S1, S2).

The National Institute for Biological Standardization and Control (NIBSC)/WHO recently
developed an HIV-2 international reference standard for calibration of HIV-2 assays
(lyophilized HIV-2 CAM2 Group A, set at 1000 International Units (IU)). 28 We determined
the relationship between our HIV-2 assay copy number and IU. Four 1-mL aliquots of
reconstituted viral stock were tested in two different runs and we found a mean of 152
copies HIV-2 RNA/mL per 1000 IU (95% CI: 141–163). Our conversion is within the
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reported range, 1.96–4.20 log10 copies per 1000 IU, as tested by nine international
laboratories using in-house quantitative assays.28

4.3 HIV-2 Assay Specificity
To investigate the potential for false-positive or falsely-inflated results due to off-target
amplification (i.e. cross-reactivity), we tested twenty US and twenty Senegal HIV-
seronegative plasma samples, all tested negative in the HIV-2 assay. In addition, 30 HIV-1–
seropositive plasma samples were tested the HIV-2 VL assay. The level of HIV-1 RNA in
these samples, as quantified by the Abbott HIV-1 RealTime Assay, ranged from
undetectable to 5.6 log10 RNA copies/mL. All 30 HIV-1 samples tested negative for HIV-2
(data not shown). To determine whether HIV-1 might affect quantitation of HIV-2, eight
HIV-1 plasma samples were spiked with the HIV-2 viral standard. The efficiency of
detecting HIV-2 and quantification of the HIV-2 was not significantly changed by the
presence of HIV-1 RNA ranging from 3.5 to 5.6 log10 copies/mL (P=0.9) (Table 3). Four,
HIV negative, Hepatitis B virus (VL range: 3.25–7.24 log10 IU/mL) and four Hepatitis C
virus (VL range: 2.82–6.57 log10 IU/mL) containing clinical samples tested negative for
HIV-2 in the assay. Similarly, RNA extracted from an estimated 200 Plasmodium
falciparum cultured in human erythrocytes tested negative for HIV-2 in the assay.

4.4 HIV-2 Assay extraction efficiency and effects of Interfering substances commonly
found in clinical blood samples

We developed a non-competitive IC to monitor for extraction efficiency and inhibitors of the
HIV-2 assay. For 340 HIV-2 standards and 191 clinical EDTA plasma specimens, the mean
(± SD) of IC CN was 32 (±0.55) (Figure 2). Samples with an IC CN greater than 3SD above
the mean were considered for retesting at dilutions of 1:2 or 1:4 to reduce possible
inhibitors. An assay run was rejected if IC CN of both positive and negative controls was
greater than 3SD above the mean to account for possible problems with extraction
efficiency. The apparent decrease in IC CN in samples above 4 log10 HIV-2 copies/mL
resulted from the overlap of the emission fluorescence spectra for the 6-FAM and VIC dyes.

In order to determine the effect of common interfering substances found in blood from
clinical samples we ran the Optichallenge Inhibition Panel through our assay. Panel samples
were spiked with a range of HIV-2 virus levels in triplicate. As shown in Figure 3, a
significant decrease in spiked HIV-2 RNA viral load detection was observed for hemolyzed
plasma and icteric plasma but not for heparin or lipemic plasma compared to that for EDTA
control plasma. Reduced inhibitory effects were observed in 4-fold diluted icteric plasma
and 64-fold diluted hemolyzed (low) plasma (data not shown). Among the intrinsic
substances in plasma that were tested, no interference was found for the following
concentration: triglycerides (785mg/dL), bilirubin (7.5mg/dL) or hemoglobin (15mg/dL).

4.5 Distribution of HIV-2 plasma VL in Senegalese and US clinical samples
The HIV-2 plasma VL and CD4 counts for Senegalese IE and H2A study groups and US
clinical plasma specimens had a similar range of HIV-2 VL (see Table 4). Among all HIV-2
seropositive specimens tested, 43 were Group A and 7 were Group B, as determined by the
sequence genotyping of HIV-2 pol(protease, RT and/or integrase).22,26 Twenty-six (60%) of
the Group-A samples had quantifiable HIV-2 VL ranging from 1.54–4.23 log10 RNA
copies/mL. Four of seven (57%) Group-B samples had an HIV-2 VL between 1.81–3.73
log10copies/mL. In addition, one clinical US sample was determined to be an HIV-2 Group
AB recombinant with an HIV-2 VL of 3.72 log10 RNA copies/mL.
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5. Discussion
Although the prevalence HIV-2 infection is much lower compared to HIV-129, the diagnosis
of HIV-2 infection is significant because of the different natural history and clinical
management from HIV-1 infection. As such, there is a niche for a clinical HIV-2 VL assay
to assist both timely diagnosis and monitoring of HIV-2 infected patients. The robotic
specimen extraction on the Abbott m2000sp instrument and the LDA software of the
m2000rt instrument provides a significant advantage for lower handling error and increased
precision. Here, we showed the acceptable performance specifications for our HIV-2 RNA
quantitative assay, which include linear range, precision, sensitivity, specificity and
accuracy, following CLSI guidelines.20

The linear range of our assay (10–1,000,000 copies HIV-2 RNA/mL) encompasses the
ranges typically reported for HIV-2 patient plasma VL.14,30–33 The sensitivity of the assay
was 8 copies/mL (95% CI, 5–18), which is the most sensitive HIV-2 plasma RNA assay
reported to date. To maintain the precision required to have a 90% power to detect a 5-fold
difference in RNA copy number, the intra-assay SDs should be no greater than 0.15 log10
copies/mL.20 For the HIV-2 RNA assay, both the intra- and inter-assay precision (SDs) at
nominal levels of 1.0, 1.7 and 3.7 log10 copies/mL met this criterion (Table 2).

We demonstrated the specificity of this assay by testing HIV-negative plasma from the US
and Senegal, HIV-1, HBV, HCV and malaria, which all co-infect patients in African
countries where HIV-2 infection is prevalent. Detection of HIV-2 RNA was not affected by
the presence of HIV-1 RNA. The use of the OptiChallenge Interference Panel helped to
evaluate HIV-2 RNA quantification in the presence of clinically important assay inhibitors.
Of the panel members, heparin at 20 USP/mL, which is greater than the concentration (15
USP/mL) in the BD Vacutainers, was not inhibitory. Among the potential intrinsic
substances in plasma that were tested, no interference was found for triglycerides (785mg/
dL), bilirubin (7.5mg/dL) or hemoglobin (15mg/dL).

To evaluate the clinical performance of our assay, we tested HIV-2–seropositive plasma
samples from ARV-naïve and ARV-experienced patients in Senegal and from ARV-treated
patients residing in the US. All three groups yielded comparable ranges of HIV-2 VL (~1–4
log10 copies/mL). In addition, we tested seven clinical specimens obtained from patients
infected with Group B HIV-2, and found that these exhibited a VL range similar to that
observed for 43 Group A specimens. These data are concordant with an earlier study
showing that the same HIV-2 primers and probes used in the present work provide accurate
quantification of EM-counted Group A and B HIV-2 standards.19 Broad HIV-2 Group A
and B amplification is likely due to the fact that only 9 of 1320 nucleotides (< 1%) were
mismatched relative to the sequence primers/probe when compared to alignments of 24
HIV-2 complete genomes in the HIV Sequence Compendium 2010, including Group A and
B strains.34

Taken together, our analysis shows that the HIV-2 assay developed in this study using the
Abbott m2000sp/rt platform is sensitive and reliable for clinical monitoring of HIV-2 RNA
VL in HIV-2– infected individuals.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Representative data demonstrating the linear range of the HIV-2 VL assay. Viral RNA
levels were measured in HIV-seronegative plasma samples that were spiked with EM-
counted HIV-2 NIH-Z at final concentrations of 10, 50, 100, 500, 5000, 100,000, 500,000
and 1,000,000 RNA copies/ml. Slope and Y-intercept values for the resultant trend line were
0.995 and 0.056, respectively, as determined by linear regression (R2 = 0.997). Each sample
was assayed in triplicate.
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Figure 2.
HIV-2 viral loads in clinical plasma samples (crosses) and in HIV-2 NIH-Z and EHO
standards (open squares) plotted against the corresponding cycle number (CN) for the
internal RNA control. Clinical plasma samples included HIV-seronegative, HIV-
seropositive, hepatitis B and hepatitis C– infected patients.
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Figure 3.
Effect of interfering substances on measurements of HIV-2 RNA in plasma. Each box shows
the highest, lowest and mean RNA values in triplicate samples. Panel 1, EDTA plasma;
Panel 2, Hemolyzed plasma Low (0.5g/dL hemoglobin); Panel 3, Hemolyzed plasma Mid
(1.0g/dL hemoglobin); Panel 4 Hemolyzed plasma Hi (1.95g/dL hemoglobin); Panel 5,
Heparin plasma (19.85 USP/mL heparin); Panel 6, Lipemic plasma (785 mg/dL
triglycerides); Panel 7, Icteric plasma (15mg/dL bilirubin). Mean RNA values were
compared between the interfering substance and EDTA plasma using generalized linear
models and Bonferroni corrections. A similar pattern of inhibition was observed for the IC
CN for each panel (data not shown).
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Table 1

Lower limit of detection using HIV-2 NIH-Z virion standard.

Concentration
HIV-2 RNA copies/mL

Log10 (conc.) Number tested Number Detected Percent detected

20 1.30 18 18 100%

10 1.00 18 18 100%

5 0.70 18 15 83%

2 0.30 18 7 39%

1 0.00 18 6 33%

0.5 −0.30 18 1 6%
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Table 2

Precision of HIV-2 RNA quantification at nominal 5000, 50 and 10 copies/mL.

Nominal Standards

High Control Mid Control Low Control

Copies/mL 5000 50 10

Log10 copies/mL 3.70 1.70 1.00

Assay (mean log10copies/mL) 3.67 1.91 1.48

Repeatability (within-run) SD a 0.050 0.079 0.129

Reproducibility (between-day) SD a 0.080 0.048 0.098

Total SD a 0.095 0.093 0.162

Total CV(%)b 22 25 34

a
SD on the log10 scale.

b
calculated by dividing untransformed total SD copies/mL with mean copies/mL.
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Table 3

Interference with HIV-1 RNA

Spike of HIV-2 viral stock

Sample IDa
Estimated HIV-1
Log10 copies/mLb

HIV-2 quantity
(Log10 copies/mL) HIV-2 CNc ICd CN

v265 5.61 1.46 37.48 32.13

v650 5.40 1.62 36.91 32.06

v564 5.34 1.48 37.43 32.08

v608 4.44 1.51 37.32 32.32

v168 3.73 1.54 37.16 31.73

v349 3.61 1.54 37.16 31.93

v734 3.49 1.66 36.76 32.12

Negative plasma Not Detected 1.49 37.34 32.36

a
The last three digits of container identification number (9-digit number) are listed.

b
Quantified by Abbott HIV-1 RealTime assay.

c
CN named by Abbott LDA and is equivalent to the quantification cycle defined by MIQE.34

d
Internal competitive RNA control
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Table 4

Characteristics of HIV-2 clinical plasma samples from Senegal and the United States

Sample source Senegalese IE studya
(n=55)

Senegalese H2A studya
(n=55)

US clinicalb
(n=52)

The status of ARV ARV-naïve ARV-experienced ARV-naïve & experienced

Year samples collected CD4 cells 2004–2006 2010–2011 2011–2012

    Mean cells/mm3 605 338 N/A

    No. (%) with counts of:

    >500 30(55) 7(13)

    350–500 9(16) 13(24)

    <350 16(29) 35(64)

HIV-2 plasma VL

   Mean log10 copies/mL 2.66 3.11 3.03

   No. (%) with VL of:

     Not detected 20(36) 26(47) 21(40)

     Detected, <10 copies/mL 5(9) 2(4) 2(4)

     Quantifiable range, >10 copies/mL 30(55) 27(49) 29(56)

          Median log10 copies/mL (range) 1.69(1.00–3.75) 2.45(1.20–4.23) 2.86(1.23–4.20)

a
Single sample per individual patient.

b
Patients’ clinical information was limited.
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