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An international multicenter study was conducted to assess the performance of a panel of simian immuno-
deficiency virus (SIV) RNA reference materials for plasma viral load determinations. Reliable quantification
was demonstrated across an �6 log10 dynamic range. Availability of external reference materials will enable
independent calibration of SIV plasma viral load assays.

Pandemic human immunodeficiency virus (HIV) has arisen
by cross-species transfer from nonhuman primate species in-
fected with simian immunodeficiency virus (SIV) (6, 28),
adapted for transmission, and spread in human populations
(29). Development of an effective vaccine to stem the spread of
HIV/AIDS remains an urgent global health priority. The SIV/
simian-human immunodeficiency virus (SHIV) macaque
model supports (pre)clinical evaluations of candidate HIV vac-
cines to provide a scientific framework for rational vaccine
design and evaluation (11, 15). Different candidate vaccine
strategies may be investigated and viral pathogenesis eluci-
dated (1, 2, 7, 18, 20, 24, 27). However, due to costs of under-
taking biomedical research using macaque models and
potentially conflicting issues of intellectual property, contem-
poraneous comparative vaccine efficacy studies at a single cen-
ter are not feasible. If rational selection of the most promising
vaccines is to be applied rapidly, it is important that outcomes
of experimental studies are compared, a process facilitated by
availability of external reference materials to calibrate key
assays.

The concentration of HIV-1 virion RNA in plasma is an
important correlate of disease progression, predictor of sur-
vival, and determinant of viral pathogenesis (9, 14, 19). Al-
though first-generation assays to quantify HIV-1 RNA were
variable (21), measurement of plasma viral RNA (vRNA) lev-
els is now widely applied in clinical practice. Development,
through international collaborative studies guided by SoGAT
(Standardization of Gene Amplification Technologies), of an
international standard (IS) for HIV-1 RNA has provided an
ongoing quantified reference (16) and represents an important

step in robust comparative standardization technology. Similar
reference materials for HIV-2 are desirable (4), and an HIV-2
RNA IS is in development.

In the SIV/SHIV model, levels of plasma SIV RNA also
predict survival and outcome (8, 13, 22, 30). Quantitative de-
terminations of virion-associated SIV RNA are similarly em-
ployed to assess vaccine efficacy and modulation of virus in-
fection in vaccine challenge studies and determine key aspects
of HIV/SIV pathogenesis (1–3, 10, 12, 18, 23, 25, 27). However,
no independent means of evaluating results reported by any
one center and comparing them to those generated in another
currently exists. As a first step in the development of reference
materials to support SIV/SHIV macaque studies, an interna-
tional collaborative study was undertaken to evaluate perfor-
mance of a reference panel for quantitative assessments of
SIV/SHIV vRNA load, focusing on EDTA-treated plasma.

Initially, bulk stocks of high-titer SIV-positive plasma were
generated by inoculation of two purpose-bred cynomolgus ma-
caques (Macaca fascicularis) with 10 MID50 (50% macaque
infectious dose) SIVmac251/32H/L28 challenge stock, which
replicates to �108 SIV RNA copies/ml at 10 to 14 days postin-
fection. The biological properties of this virus stock have been
described previously (1). SIV RNA levels initially determined
for each macaque (W341 and W342) by quantitative reverse
transcriptase PCR (RT-PCR) (2) were subsequently analyzed
using real-time PCR (1). From an initial 1/100 dilution of
plasma from W342, five 10-fold dilution steps were performed
in SIV-negative macaque plasma to provide an estimated
(nominal) concentration range of 2 � 106 to 2 � 102 SIV RNA
copies/ml. Multiple aliquots of each dilution (C1 to C5) were
stored at �80°C.

This panel was distributed to five internationally recognized
centers, four in Europe and one in the United States, employ-
ing six assays for quantitative SIV RNA determinations, four
of which were real-time PCR (Table 1). Assay 5 (qRT-PCRv)
provided additional validating information established using a
virion-counting technique to determine input viral RNA copy
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number against a linear standard curve prepared by serial
dilution of a SIVmac251 virus stock (5 � 105 to 1.25 �102

particles/ml) in SIV-negative plasma. Preparations concen-
trated by ultracentrifugation prior to RNA extraction also in-
cluded the HIV-1 CM240 virus as an internal control (20, 23,
24). The ExaVir/Cavidi assay (3), which measures RT activity
calculated in femtograms/ml plasma, was expressed as RNA
copies/ml. SIV RNA data generated from all six assays with the
NIBSC panel, performed in a blinded manner at the respective
centers, were returned to the coordinating partner (NIBSC).

The purpose of this study was to evaluate a series of candi-
date reference materials for SIV RNA quantification in a
range of assays. The returned data set from each center effec-
tively represented a single assay estimate for each panel mem-
ber. As a result, there were not sufficient data to perform a
detailed analysis of the performance of the different partici-
pants or consistency between assay methods. However, the
results (estimated log10 RNA copies/ml) from the different
assay methods when plotted against the nominal expected val-
ues for the panel members (Fig. 1A) indicated a good linear
relationship between estimated (measured) and nominal ex-
pected values of the panel members across the 102 to 106 log10

SIV RNA copy number range. Fitting linear regression to the
individual assay methods (log10 estimated copies/ml against
nominal expected values in log10 copies/ml) gave a good fit, for
both sequence-based amplification assays targeting conserved
regions in p15/p27-gag and the RT assay, with r2 values ranging
from 0.999 to 0.995.

Differences between the observed, estimated numbers of
copies/ml (log10) and the expected numbers of copies/ml
(log10) were also plotted against the expected copy/ml (log10)
values (Fig. 1B). While variation between individual assays for
different panel members was observed, this variation never
exceeded 0.6 log10 for any combinations of assay and panel
members, the majority of estimated copies/ml values falling
within 0.5 log10 of the nominal expected value for all assays and
panel members. For the panel series, the mean and standard
deviation (SD) for all assays were calculated as follows: C1,
log10 6.2, SD 0.11; C2, log10 5.34, SD 0.16; C3, log10 4.29, SD
0.20; C4, log10 3.15, SD 0.24; and C5, log10 2.26, SD 0.32.
Hence, the standard deviation across the range of values in-

TABLE 1. Summary of techniques employed to quantify plasma SIV RNA

Assay Quantification
systema

Target
region

RNA extraction
(plasma vol ��l�) Calibration/standards

Upper and lower
assay detection

limits
(RNA copies/ml)

Real-time PCR
platform Reference(s)

1 Real-time qRT-PCR p27-gag QIAamp, Qiagen
(140)

External SIV251 RNA
plasma series

1 � 109 – 1.69 � 102 Mx3000P (Stratagene) 1

2 Conventional qRT-PCRc p27-gag Trizol, propan-2-ol
(200)

Coamplified synthetic
RNA transcript

1 � 107 – 1.6 � 102 n/ab 27

3 Real-time qRT-PCR p27-gag QIAamp, Qiagen
(200)

SIV251 RNA transcript 1.6 � 106 – 1.69 � 102 ABI Prism (Applied
Biosystems)

5, 18

4 qRT assay n/a Viral binding gel
(1,000)

BrdU/poly(A) system/
HIV standard curve

1.2�106 – 2.3 � 102 n/a 3

5 Real-time qRT-PCRv p15-gag Nuclisens, bioMérieux
(200)

SIV251 and internal
HIV-1 control

1 � 106 – 2.39 � 102 ABI Prism (Applied
Biosystems)

20, 24, 25

6 Real-time qRT-PCR p27-gag Trizol (200) Coamplified synthetic
RNA transcript

1 � 1010 – 2.3 � 102 iQ5 multicolor system
(Bio-Rad)

10

a qRT-PCR, quantitative reverse transcriptase PCR; qRT-PCRc, conventional qRT-PCR system based on endpoint estimation of preamplified product; qRT-PCRv,
quantitative RT-PCR validated by a virion estimation technique. qRT assay (assay 4), ExaVir Load v. 2 (Cavidi AB, Uppsala, Sweden). Assay 6 is a previously
established real-time PCR method (10), with a modification of the SIV probe sequence to the Black Hole Quencher 2 dye in place of TAMRA.

b n/a, not applicable.

FIG. 1. (A) Comparison of SIV RNA levels evaluated using six
different assays for the quantification of plasma viral load. Estimated
copies/ml (log10) for each assay are plotted against the nominal or
expected value of SIV RNA copies/ml (log10) for the panel members
(C1, 6.3 log10; C2, 5.3 log10; C3, 4.3 log10; C4, 3.3 log10; C5, 2.3 log10)
for each of the six assays: assay 1, qRT-PCR; assay 2, conventional
qRT-PCR; assay 3, qRT-PCR; assay 4, qRT, assay 5; qRT-PCRv; assay
6, qRT-PCR (see Table 1 for details). (B) Difference between the
observed estimated copies/ml (log10) and the expected nominal value
copies/ml (log10) plotted against nominal expected copies/ml (log10)
for individual assays (1 to 6) across panel members (C1 to C5).
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creased as the copy number decreased, although this repre-
sents good agreement between the different assay methods
over the wide dynamic range encountered among clinical sam-
ples. As expected, most variation was observed at the lowest
copy number (panel member C5), which is in agreement with
reports that greater variability in determinations of low viral
copy number (�4 log10 copies/ml) is a recognized feature of
viral quantification (17, 21, 26).

These reference materials may have broader utility in vali-
dation of a wider range of assays for quantitative vRNA de-
terminations and to different target regions. Although based
on SIVmac251/32H, for which the full genome sequence is
available (www.hiv.lanl.gov; GenBank accession number
D01065), the panel may be applicable to a broader range of
viruses, including other SIVmac strains (SIV239), SIVsm-
based viruses (SIVsmE660), HIV-2, and SHIVs, provided that
issues of sequence variation are accounted for in the assay
design and demonstrated not to impact adversely on individual
assay performance.

Moreover, one of the main limitations to establishing refer-
ence materials of this kind is the availability of large amounts
of high-titer material which can be titrated, characterized, and
repeatedly sampled. Synthetic RNA transcripts are frequently
used to establish, or internally control, quantitative viral load
assays (5, 10, 12, 18, 25, 27). Ideally, external reference mate-
rials for independent validation should be as close in kind as
possible to samples for which they are intended to provide a
reference, such as viral RNA packaged into an intact virion
particle prior to entering the extraction process. Reconstructed
high-titer material using culture supernatant virus spiked into
negative plasma can closely mimic the natural situation. In the
current study, the availability of a bulk stock of high-titer
plasma from a single macaque infected with a recognized stock
of SIVmac251/32H/L28 made this plasma an ideal reference
candidate representing closely the same composition as sam-
ples analyzed in SIV/macaque studies.

This is the first report to describe the development and
evaluation of reference materials for quantitative SIV RNA
determinations in plasma, which performed well in this inter-
national collaborative study. Provision of similar reagents
based on this panel to the scientific community will facilitate
standardization of vaccination and treatment clinical trials for
HIV/AIDS.
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