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Abstract
Background—Viral load (VL) is a critical marker for monitoring HIV disease progression and
response to antiretroviral therapy. In resource-constrained settings, there is a need for a simple and
inexpensive assay to monitor infected adults and children.

Methods—We compared versions 2 and 3 of the ExaVir™ Load assay, Cavidi AB (HIV RT) with
the Roche, COBAS® Amplicor® HIV-1 Monitor assay (HIV RNA) for quantifying HIV VL.

Results—The HIV RT version 2 assay showed good sensitivity with detection in 94% of samples
with HIV RNA >1000 copies/ml. Adult samples were tested using HIV RT version 2 (n=35) and
version 3 (n=23) assays with plasma volumes of 1ml (recommended), 0.5ml and 0.25ml in
comparison with HIV RNA. The HIV RT and HIV RNA assay results were comparable when tested
using different volumes. Comparison of results from pediatric samples (n=27), tested using 1ml and
a smaller volume by HIV RT version 2 were not significantly different.

Conclusion—The HIV RT assay was comparable to the HIV RNA assay with sensitivity
approaching that of RT-PCR. Smaller volumes than the recommended 1ml can be used, improving
utility of this assay for pediatric monitoring.
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Introduction
Together with CD4+T cell counts, viral load (VL) assays are critical markers for monitoring
HIV disease progression and response to antiretroviral therapy (ART). VL is commonly
assessed by measuring plasma HIV RNA levels however the use of nucleic acid based VL
assays is limited in many resource-constrained settings as they are expensive, rely on complex
equipment and highly trained laboratory staff 1–3 and are susceptible to viral DNA
contamination. Alternative, affordable assays for determining VL have been assessed including
the ExaVir™ Load assay (Cavidi AB)4 which measures virion-associated reverse-transcriptase
(RT) activity rather than virion-associated RNA, and several in-house and real time PCR assays
which quantify HIV RNA 2,5–9. The in-house real time PCR assays, although usually less
expensive than commercially available assays, require sophisticated equipment, skilled staff,
monitoring of reagent quality and remain prone to contamination 2,3,10. The ExaVir™ Load
assay is relatively inexpensive, requires simple, robust equipment and is easier to perform than
the RNA-based assays 1,3,11,12. In this study, we compared the version 2 and recently released
version 3 ExaVir™ Load assay (HIV RT) to the COBAS® Amplicor® HIV-1 Monitor assay
version 1.5 (HIV RNA). As the recommended plasma volume of 1ml plasma can be difficult
to obtain from pediatric patients, we also assessed whether the assay could be used with smaller
plasma volumes (0.5 and 0.25ml).

Materials and Methods
Sample Population

Two hundred and one plasma samples obtained from HIV seropositive adults attending the
Infectious Diseases Unit at the Alfred Hospital (Melbourne, Australia) were tested
retrospectively for RT activity. Twenty seven plasma samples obtained from pediatric patients
(<18 months) as part of a study into PMTCT care at Kenyatta National Hospital (ethics obtained
from the Institutional Review Board, University of Washington and the Ethical Review Board,
University of Nairobi) were tested retrospectively for RT activity. Six of these samples had
sufficient volume to test at the recommended 1ml sample volume as well as a smaller sample.

VL assays
HIV RT activity in patient plasma samples was determined using the ExaVir™ Load version
2 assay (HIV RT version 2; Cavidi AB, Sweden) according to manufacturer’s instructions 4.
Selected samples were also tested using the ExaVir™ Load version 3 assay (HIV RT version
3) during beta-testing also at the Burnet Institute. Results from samples tested using a plasma
volume of <1ml were automatically adjusted for the appropriate dilution factor by the supplied
computer software (version 2: ExaVir™ Load Analyzer version 1.62/COLO 2–6 and version
1.62/COLO 2–9 (dilutions analysis only); version 3: ExaVir Load version 3 colo3.1
2007-04-17). HIV RNA testing was performed using the COBAS® Amplicor® HIV-1 Monitor
assay version 1.5 ultra-sensitive preparation (RT-PCR; Roche Diagnostics, USA)13 according
to the manufacturer’s instructions.

Statistical Analysis
Both variables (HIV RT activity (copies/ml equivalents) and HIV RNA (copies/ml)) were
transformed using a log10 transformation and their correlation determined using Pearson’s
correlation coefficient (r). Samples above and below the limit of detection for both the HIV
RNA assay and the HIV RT assay were excluded from this statistical analysis as they were
outside the linear range of the assay; samples below the limit of detection were included in all
other analysis. ANOVA was used to assess the difference between the adult dilutions tested
on the HIV RT version 2 assay, Friedman’s test was used for analysis of adult dilutions tested
on the HIV RT version 3 assay (due to small sample size) whilst the Wilcoxon signed-rank
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test was used for pediatric dilutions tested using HIV RT version 2 assay. A clustered linear
regression was performed when assessing the differences in the pediatric samples regardless
of plasma volume.

RESULTS
Sample Volume Analysis

To determine the validity of using smaller plasma volumes for VL testing, volumes of 0.5ml
and 0.25ml were compared with the recommended 1ml sample volume using the HIV RT
version 2 assay (n=35). When a plasma volume of <1ml was tested in the HIV RT assay, volume
was adjusted to 1ml with HIV-1 seronegative human plasma. Results corrected for sample
volume by the HIV RT were not different to the results using the recommended 1ml testing
volume or to HIV RNA (p>0.3). The median of the greatest difference between the 1ml sample
and the diluted sample using the HIV RT assay for all samples was 0.03 log10 copies/ml
equivalents (IQR: −0.08 to 0.08 log10; range: −0.41 to 0.35 log10); the median of the largest
difference between volumes tested using the HIV RT assay and the matched HIV RNA results
was −0.14 log10 copies/ml (IQR: −0.22 to 0.07 log10; range: −0.62 to 0.55 log10; Fig. 1a).

Testing of neat and diluted adult plasma sample volumes (n=23) using the HIV RT version 3
assay showed similar results to the version 2 assay. Diluted samples were below the detection
limit of the HIV RT version 3 assay in at least one of the volumes tested for six patient samples
(HIV RNA median: 700 copies/ml; range: 150 to 1,600 copies/ml). The median of the greatest
difference between the 1ml sample and the dilutions tested using the HIV RT version 3 assay
for all samples was 0.05 log10 copies/ml equivalents (IQR: −0.09 to 0.25 log10; range: −0.59
to 1.01 log10); the median of the greatest difference between the HIV RNA result and the
matched volumes tested using the HIV RT version 3 assay was 0.06 log10 copies/ml (IQR:
−0.27 to 0.38 log10; range: −0.98 to 0.71 log10; Fig. 1b). Results within the detectable range
from samples tested at smaller sample volumes using the HIV RT version 3 assay were not
significantly different (p > 0.3) to the results using the recommended testing volume.

Samples from pediatric patients (n=6) were tested using the HIV RT version 2 assay and results
using the recommended 1ml were compared to those obtained using 0.25ml (n=2) and 0.5ml
(n=4). Results using the smaller volumes were not significantly different to those obtained
from 1ml of plasma (p=0.17). A further 21 samples from pediatric patients were tested using
two volumes but where insufficient plasma was available to test using the recommended 1ml.
The median of the greatest difference between the largest and smallest samples tested using
the HIV RT assay for all samples was 0.17 log10 copies/ml (IQR: −0.29 to −0.02 log10; range:
−0.37 to 0.08 log10; n=27, Fig. 2).

Sensitivity of HIV RT assay and correlation with HIV RNA
Samples (n=144) from 128 patients were tested using both the HIV RNA and HIV RT version
2 assays with 116 samples giving results in the detectable range using both assays. A strong
positive association was observed between detectable samples using the HIV RT and the HIV
RNA assays (r=0.91; p=<0.0001). The sensitivity of the HIV RT version 2 assay approached
that of the HIV RNA assay with detection by HIV RT of 94% of all samples with HIV RNA
>1000 copies/ml (n=93; Table 1).

Discussion
This is the first study evaluating the Cavidi HIV RT version 2 and 3 assays using small plasma
volumes (0.25–0.5ml) which are often needed for testing in pediatric populations. Our data,
using both adult and pediatric samples, suggest that the performance of the HIV RT assay is
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largely unaffected by plasma volumes ≥0.25ml, as the minimal bias of 0.05 log10 is not
clinically significant. For plasma samples with low VL of less than 800 copies/ml (detection
limit of HIV RT version 3 of 200 copies/ml equivalents then adjusted for dilution factor) the
sensitivity of the HIV RT assay using volumes <1ml may be compromised. The lowest HIV
RNA viral load that we have tested providing a detectable HIV RT result with plasma volumes
of 1ml, 0.5ml and 0.25ml is 800 HIV RNA copies/ml. Further testing at low RNA/RT values
is required due to the small sample size.

In this study, results from version 2 of the HIV RT assay correlated well with those of the HIV
RNA assay (r=0.91), which is consistent to previous studies using both version 2 4,12,14–16

and version 1 12,14,17,18 of the HIV RT assay. The HIV RT version 2 assay showed good
sensitivity with 94% of samples with HIV RNA >1,000 copies/ml detectable by HIV RT,
similar to our earlier data and those of others using spiked plasma 12 or clinical samples 4,14–
16. The HIV RT assay has been greatly improved from version 1, where the sensitivity was
reported to be in the range of 7,000 to 10,000 HIV RNA copies/ml 12,14. The level of detection
appears comparable to or better than the standard nucleic acid based assays. Preliminary data
from our laboratory (not published) with the HIV RT version 3 assay indicate that this assay
is more sensitive than the version 2 assay with a reported detection limit of 200 copies/ml
equivalents.

In our laboratory the cost of the HIV RT assay including labour and consumables is
approximately one-fifth of the price of the Roche COBAS® Amplicor® HIV-1 Monitor test,
providing a significant cost-saving to the laboratory. The HIV RT assay should be considered
as an effective low-cost alternative for monitoring HIV levels of children and adults particularly
in, but not limited to, resource-constrained settings.
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Figure 1.
HIV viral load results using different plasma volumes from 35 adult HIV+ patients tested using
the HIV RT assay version 2 (a) and version 3 (b). HIV RNA values are shown using +. HIV
RT values using the recommended 1 ml of plasma are shown using ●, 0.5ml plasma results
using ◐ and 0.25 ml plasma results using ○. Samples shown in grey are below the detection
limit of the HIV RT assay and have been assigned the assay detection limit.
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Figure 2.
HIV viral load results using different plasma volumes from 27 pediatric HIV+ individuals
tested using the HIV RT assay version 2. HIV RT results using the larger volume of plasma
(range: 1 to 0.3ml) are shown in dark grey and the smaller volume (range: 0.15 to 0.5ml,
adjusted for dilution factor) are shown in light grey, * Results from 1ml plasma tested (n=6)
as the recommended sample volume.
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Table 1

Sensitivity of the HIV RT assay ExaVir™ Load kit version 2 compared to HIV RNA assay (COBAS®

Amplicor® HIV-1 Monitor assay version 1.5)
HIV RNA (copies/ml)Number of samples testedNumber (%) of samples detectable by HIV RT version 2

50–400 20 11 (55)
401–1,000 31 22 (71)

1,001–10,000 47 42 (89)
10,001–50,000 30 29 (97)

>50,000 16 16 (100)
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