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Accurate HIV-2 plasma viral load quantification is crucial for adequate HIV-2 patient management and for

the proper conduct of clinical trials and international cohort collaborations. This study compared the homo-
geneity of HIV-2 RNA quantification when using HIV-2 assays from ACHI_V,, study sites and either in-house
PCR calibration standards or common viral load standards supplied to all collaborators. Each of the 12
participating laboratories quantified blinded HIV-2 samples, using its own HIV-2 viral load assay and stan-
dard as well as centrally validated and distributed common HIV-2 group A and B standards (http://www.hiv
Janl.gov/content/sequence/HelpDocs/subtypes-more.html). Aliquots of HIV-2 group A and B strains, each at 2
theoretical concentrations (2.7 and 3.7 log,, copies/ml), were tested. Intralaboratory, interlaboratory, and
overall variances of quantification results obtained with both standards were compared using F tests. For
HIV-2 group A quantifications, overall and interlaboratory and/or intralaboratory variances were significantly
lower when using the common standard than when using in-house standards at the concentration levels of 2.7
log,, copies/ml and 3.7 log,, copies/ml, respectively. For HIV-2 group B, a high heterogeneity was observed and
the variances did not differ according to the type of standard used. In this international collaboration, the use
of a common standard improved the homogeneity of HIV-2 group A RNA quantification only. The diversity of
HIV-2 group B, particularly in PCR primer-binding regions, may explain the heterogeneity in quantification
of this strain. Development of a validated HIV-2 viral load assay that accurately quantifies distinct circulating

strains is needed.

The global prevalence of HIV-2 is not well documented, but
1 million to 2 million persons are estimated to be infected (1,
17). HIV-2 is endemic in West Africa, with limited spread to
other locales (12, 15, 20, 22, 23, 28-31). Evidence-based man-
agement of HIV-2 infection has been hampered by a lack of
validated commercially available HIV-2-specific assays for the
quantification of HIV-2 viral loads. A limited number of in-
ternational HIV laboratories use in-house HIV-2 viral load
assays (9, 11, 24, 25). In the setting of an international collab-
oration on HIV-2 infection (the ACHILV, collaboration), we
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previously showed that the results of quantification of the
HIV-2 plasma viral RNA load varied considerably between
eight participating European laboratories and one African
HIV-2 reference laboratory, as only two laboratories were able
to yield accurate and reproducible measurements (8). Such
heterogeneity in HIV-2 viral load quantification is a consider-
able issue. At the patient level, difficulties arise in the inter-
pretation of results and may yield inappropriate clinical deci-
sions; at the population level, this may help explain the varied
levels of reported response to therapy among different HIV-
2-infected cohorts (2, 3, 16, 19, 20, 26). On the basis of our
initial results from the first assessment of HIV-2 quantification
from collaborating ACHI.V, laboratories, we hypothesized
that the use of a centrally validated and distributed common
HIV-2 PCR calibration standard by each participating labora-
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tory would improve the accuracy of HIV-2 RNA viral load
measurements.
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MATERIALS AND METHODS

HIV-2 group(s)
detectable

The objectives of this second-round validation study of HIV-2 group A and B
plasma RNA quantification assays, performed in 12 international laboratories
from 11 countries (Table 1), were to compare the overall homogeneity of quan-
tification results and the accuracy and reproducibility of each quantification assay
obtained with the HIV-2 calibration standard routinely used in each laboratory
and those obtained with a common HIV-2 standard. Four more laboratories
have joined the ACHILV,g study group since the first round in 2006. The 12
virology laboratories which participated in this second round of HIV-2 quality
control were from Portugal (n = 2) and Belgium, Canada, France, the Gambia,
Germany, Italy, Spain, Switzerland, the United Kingdom, and the United States
(one each). The number of HIV-2 plasma viral load assays required in the
laboratories participating in this quality control study ranged from 100 to 2,000
per year.

Preparation of the panel. The sample panel was prepared in a single virology
laboratory at Bichat Claude Bernard Hospital (Paris, France) by performing
serial dilution in EDTA HIV-negative human plasma of two supernatants orig-
inating from a coculture of patient HIV-2 isolates: one HIV-2 group A isolate
(GenBank accession number AY688870) and one HIV-2 group B isolate
(GenBank accession number AY688889). Those isolate solutions were diluted to
obtain aliquots with theoretical concentrations of 2.7 and 3.7 log;, copies/ml.

Preparation of the standard. The common standard for the group A strain was
prepared using stocks of HIV-2 NIHZ counted by electron microscopy (EM) and
commercialized by ABI Technologies (catalog number 10-127-000; Advanced
Biotechnologies Inc., Columbia, MD). As there is no commercially available
group B standard, the common standard for the HIV-2 group B strain (GenBank
accession number AY688915) was prepared using a stock of a clinical isolate
which had been sent for electron microscopy quantification by the Bichat Claude
Bernard Hospital laboratory to ABI Technologies. The theoretical concentra-
tions obtained for the two common standards were 200,000 copies/ml for the
group A supernatant and 400,000 copies/ml for the group B supernatant.

Participating laboratories of the ACHI:V,g collaboration are listed in Ac-
knowledgments. Eight of these laboratories took part in the first-round quality
control study (8). Four additional laboratories (from Canada, the United States,
Portugal, and Italy) took part in the second study.

Each of the 12 participating laboratories had to complete one run (20 aliquots
of 1 ml each) of quantification using its own standard and one run (20 aliquots
of 1 ml each, at the same theoretical levels) of quantification using the common
HIV-2 group A and B standards. Each panel of 20 aliquots was constituted as
follows: 10 aliquots of group A (5 at 2.7 log,, copies/ml and 5 at 3.7 log,,
copies/ml) and 10 aliquots of group B (5 at 2.7 log,, copies/ml and 5 at 3.7 log,
copies/ml).

Coded aliquots were frozen at —80°C and were sent to the participating
laboratories, which were blinded to the HIV-2 concentration and HIV-2 group.
The distribution of aliquots was performed by an accredited transporter accord-
ing to the regulatory standards for the distribution of infected samples.

The types of the different assays used by the laboratories are listed briefly in
Table 1, and the locations of the different primers and probes mapped to ROD
are shown in Fig. 1. All of the assays were based on a PCR method; thus, the
sequences of the primers and the sites of primer binding in the target virus are
also listed. The number of mismatches between the primers and test strain target
sequence, the in-house standards, and the common standard is listed in Table 2.

Comparisons of homogeneity of HIV-2 quantifications obtained with the in-
house standards (Table 3) and with the common HIV-2 group A and B standards
were conducted on the quantification results at the theoretical concentration
levels of 2.7 log,, copies/ml and 3.7 log,, copies/ml. For each of these, three types
of variance were estimated and compared: the intralaboratory variance, the
interlaboratory variance, and the overall variance (intralaboratory plus interlabo-
ratory). Variances were compared using the F test based on the Snedecor-Fisher
distribution.

The accuracy of each quantification assay was estimated separately for HIV-2
group A and B strains at both theoretical concentration levels of 2.7 log,, and 3.7
log,, copies/ml. A quantification assay was defined as accurate if 5/5 of the
measurements fell within an expected interval, considered to be clinically ac-
ceptable and defined as [(observed median viral load/3) — (observed median
viral load X 3)]. Only the data from laboratories which were able to successfully
detect and quantify the samples were used to calculate the observed median viral
load.

The reproducibility of quantification assays was estimated separately for
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RNA extraction
easyMag bioMérieux External, NIHZ quantified by electron microscopy

Qiagen, viral RNA  External, NIHZ quantified by electron microscopy

QIAamp viral RNA Internal control
Qiagen, viral RNA
Qiagen viral RNA
Qiagen viral RNA
Qiagen viral RNA

Magnapure
HIV Monitor

Boom
Nuclisens

Primer and probe
localization
green detection)

LTR region (SYBR Nuclisens-MiniMag  External, synthetic RNA (ROD sequence)
gag gene
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LTR
gag leader

gag gene
gag gene
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TABLE 1. Characteristics of the different quantification assays assessed in the ACHI;V, collaboration, 2009
gag gene

Amplification system®
thermocycler
LightCycler
In-house PCR + ELONA LTR
version 1.1
ABI 7900 HT

LightCycler
In-house QRT-PCR

LightCycler 2.0

Rotor GeneCobert
Portugal (Coimbra) LightCycler

ABI Prism 7000

Nuclisens EasyQ,

ABI Prism 7000

ABI 7900 HT

Laboratory
“ ELONA, enzyme-linked oligonucleotide assay; QRT-PCR, quantitative reverse transcription-PCR.
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FIG. 1. ACHIRV, primers and probes mapped to the M15390 HIV-2 ROD genome. The figure depicts the relevant portion of the HIV-2
ROD genome (GenBank accession number M15390) with nucleotide positions indicated. The nucleotide positions of all primers and their binding
orientation (>>>, forward strand; <<<, reverse strand) are indicated. Note that the group B primers used by the Swiss group (HIV-2TMFPRB,
HIV-2TMRPRB, TMPROBEB) are not shown but map to the comparable positions in HIV-2 group viruses as TMFPR1, TMRPRI1, and
TMPROBE], respectively. Some of the LTR-targeted primers have a second target site in the 3" LTR.

HIV-2 groups A and B at both theoretical concentration levels of 2.7 log,,
copies/ml and 3.7 log,, copies/ml. The reproducibility of the assays was evaluated
using the coefficient of variation (CV) and the intralaboratory coherence coef-
ficient (ILCC).

RESULTS

HIV-2 group A quantification results. At the theoretical
level of 2.7 log,, copies/ml, the observed median viral load was
2.6 log,, copies/ml. The accuracy interval was 2.1 to 3.1 log,,
copies/ml. Five laboratories reported undetectable RNA val-
ues for at least 9 out of 10 aliquots whatever standard was used.
Moreover, only 23% and 32% of the quantification results fell
within the accuracy interval with the in-house standards and
the common standard, respectively (P = 0.31) (Fig. 2A). In-
terlaboratory variance was 5 times lower when using the com-

mon standard (P = 0.04) (Table 3). Intralaboratory variability
was not significantly lower when using the common standard
(P = 0.19), but the overall variability (intralaboratory plus
interlaboratory) was higher with the in-house standards than
with the common standard (P = 0.0001). The coefficients of
variation for reproducibility varied from 4.0% to 17.1% for the
in-house standards and from 2.8% to 12.9% for the common
standard.

At the theoretical level of 3.7 log,, copies/ml, the observed
median viral load was 3.3 log,, copies/ml. The accuracy inter-
val was 2.8 to 3.8 log,, copies/ml. Only two laboratories re-
ported a majority of undetectable RNA values (6 out of 10
measurements). Forty-five percent and 70% of the quantifica-
tion results were in the accuracy interval with the in-house
standard and the common standard, respectively (P = 0.007)
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TABLE 2. Primer and probe sequences used by the different laboratories and number of mismatches within the ACHIEV, g
HIV-2 group A and group B standards and samples

No. of mismatches

No. of hits in
Region and primer or probe Sequence 25 HIV-2 HIV-2 HIV-2 HIV-2 HIV-2
genomes® sample A sample B standard A standard B
LTR

Belgium For TCGCCGCCTGGTCATTC 22 1 2 1 0
Belgium Rev GCCGCCCTTACTGCCTTCA 24 1 1 0 0
Gambia For ATTGAGCCCTGGGAGGTTCTCTCCA 22 -t — — —
Gambia Rev TTCGGGCGCCAACCTGCTAGGGATTTT 23 1 0 0 0
Switzerland TMFPR1 AACAAACCACGACGGAGTGC 17 0 0

Switzerland TMRPR1 CCACACGCTGCCTTTGGTA 11 1 1

Switzerland TMPROBE1 TCGGCCCGCGCITTTCTAGG 13 1 0

Switzerland TMFPRB AATCAACCACGACGGAGAGC 10 0 0
Switzerland TMRPRB CTCCTCACGCTGCCTGGT 11 0 0
Switzerland TMPROBEB  CCGGCCTGCGCTTTTACAGG 9 1 0
UK HIV-2 For GCAGGTAGAGCCTGGGTGTTC 23 — — — —
UK HIV-2 Rev CTTGCTTCTAAYTGGCAGCTTTATT 18 3 2 0 1
UK HIV-2 probe TGGGCAGAYGGCTCCACGC 22 0 1 0 0
USA For GCGGAGAGGCTGGCAGAT 22 — — — —
USA Rev GAACACCCAGGCTCTACCTGCTA 22 — — —
USA probe AGAGAACCTCCCAGG 22 — — — —

8ag

France F3 For GCGCGAGAAACTCCGTCTTG 21 2 2

France L140 Rev TCCAACAGGCTCTCTGCTAATCC 24 3 0 0 0
France probe TAGGTTACGGCCCGGCGGAAAGA 25 1 0 0 1
France R1 Rev AACATATTGTGTGGGCAGCGAA 15 0 4 0 6

“ Number of primer targets with 2 mismatches or less in 25 full HIV-2 genomes listed in GenBank. Only mismatches in the first half of the genome are included.

b target outside sequenced region.

(Fig. 2B). Interlaboratory variability was not significantly
lower when using the common standard (P = 0.21). How-
ever, the intralaboratory variability was 3 times lower (P =
0.0008) and the overall variability was 2 times lower (P =
0.03) when using the common standard. The coefficients of
variation for reproducibility varied from 1.1% to 17.2% for
the in-house standards and from 1.4% to 8.4% for the com-
mon standard.

HIV-2 group B quantification results. At the theoretical
level of 2.7 log,, copies/ml, the observed median viral load was
2.8 log;, copies/ml. The accuracy interval was 2.4 to 3.3 log,,
copies/ml. Irrespective of the standard used, 7 laboratories
reported undetectable RNA values for at least 6 aliquots out of
10. Eighteen percent and 35% of the quantification results
were in the accuracy interval with the in-house standard and
the common standard, respectively (P = 0.04) (Fig. 3A). In-
terlaboratory, intralaboratory, and overall variabilities were

TABLE 3. Comparison of interlaboratory variabilities for HIV-2
group A and B RNA quantifications

Group and Variance Vari Statistical
RNA lg)ad In-house  Common il;g(r;ce F value significance
(logy copies/ml)  gi2ndards  standard (P value)
Group A
2.7 2.72 0.54 5.0 4.39 0.04
3.7 1.58 0.95 1.7 2.85 0.21
Group B
2.7 1.80 1.68 1.1 3.87 0.46
3.7 2.24 2.45 0.92 3.18 0.55

not significantly lower when using the common standard than
when using the in-house standards (P = 0.46, P = 0.78, and
P = 0.43, respectively). The coefficients of variation for repro-
ducibility varied from 2.2% to 14.7% for the in-house stan-
dards and from 0.8% to 16.4% for the common standard.

At the theoretical level of 3.7 log,, copies/ml, the observed
median viral load was 3.7 log,, copies/ml. The accuracy inter-
val was 3.2 to 4.2 log,, copies/ml. One laboratory reported
100% of undetectable RNA values. Thirty-eight percent and
35% of the quantification results were in the accuracy interval
with the in-house standards and the common standard, respec-
tively (P = 0.93) (Fig. 3B). Interlaboratory, intralaboratory and
overall variabilities were not significantly lower when using the
common standard than when using the in-house standards
(P = 055, P = 0.53, and P = 0.61, respectively). The coeffi-
cients of variation for reproducibility varied from 1.2% to
14.0% for the in-house standards and from 0.8% to 17.9% for
the common standard.

DISCUSSION

This second HIV-2 viral load quality control assessment
among the laboratories in the ACHI;V,; network showed that
the homogeneity of HIV-2 RNA group A quantification can be
significantly improved by using a centrally validated and dis-
tributed common standard. The accuracy of the results evalu-
ated at the theoretical level of 3.7 log,, copies/ml is better than
that at the level of 2.7 log,, copies/ml, as we had previously
shown in the first HIV-2 study (8) and as has been observed in
an HIV-1 viral load quality control study (21). Six laboratories
reported between 90 and 100% of undetectable RNA values
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FIG. 2. Accuracy of HIV-2 group A RNA quantification assays evaluated by the ACHIEV,g collaboration in 2009. Quantification results are
reported for each participating laboratory. The accuracy interval is represented by the white area for each of the three theoretical viral loads used.
(A) Theoretical viral load of 2.7 log,, copies/ml; (B) theoretical viral load of 3.7 log,;, copies/ml.

whatever the theoretical concentrations were. The threshold of
quantification obtained by these laboratories varied from 1.7 to
2.7 log,, copies/ml and could explain these results for all the
laboratories but one.

As we observed in 2006 in the first round of HIV-2 quality
control assessments (8), there is, however, a high heterogeneity
of HIV-2 RNA group B quantification results even with the
use of a common standard. Several laboratories failed to detect
HIV-2 group B, and sequence differences between the primers/
probes used by individual labs and the target sequence of the
study samples are the suspected cause. The difficulty in accu-
rately detecting and amplifying HIV-2 group B could be due to
the significant HIV-2 genetic diversity (14). Indeed, the aver-
age genetic diversity between HIV-2 groups A and B is ~20%
in the gag gene, which is higher than that among HIV-1 group
M isolates (13). The problem of HIV-2 genetic diversity for
accurate viral load quantification is similar to that previously
observed for HIV-1, where genetic diversity makes HIV-1

RNA quantification difficult, especially in patients infected by
HIV-1 non-B subtypes (5, 10, 27, 32). All of the assay methods
involved a PCR step. Primer binding to HIV-2 target se-
quences is an important determinant of PCR success, and PCR
with HIV targets is notoriously susceptible to target site evo-
lution. An attempt was made to determine if the presence of
primer mismatches between the primer and the HIV-2 se-
quence could be a source of variability in the detection and
quantitation. Although partial long terminal repeat (LTR) and
gag sequences were available for the four virus preparations
used in the study (group A standard and sample, group B
standard and sample), several of the groups’ primer targets fell
outside the sequenced regions (Table 2). In these cases, primer
identities with the HIV-2 ROD and HIV-2 EHO sequences
were used as group A and B surrogates. Furthermore, details
of the primer sequences were not available for all of the
groups. Nonetheless, an analysis of the available sequence data
indicated that there was no association between the modest
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number of primer target mismatches observed and detection
performance. Furthermore, the same primer sets were used by
several groups and yielded different levels of detection perfor-
mance, indicating other sources of variability in the assays,
such as extraction methods and the instruments used for PCR
signal detection. Future efforts to standardize HIV-2 RNA
quantification assays should focus on generating more com-
plete primer and target sequences and examine the variability
in other components of the assay systems. As developed with
the HIV-1 RNA quantification commercial assay (Cobas Am-
pliPrep/Cobas TaqMan, version 2.0; Roche Diagnostics),
which includes 2 sets of primers and probes located in the LTR
and gag regions, one can hypothesize that using a combination
of primers and probes located in different regions of the ge-
nome could improve HIV-2 RNA quantification (7).

The strengths of this study include the large number of

participating HIV-2 laboratories, as well as central processing,
standard validation by EM counting, and blinding of HIV-2
samples before distribution. Study limitations include the pres-
ence of only one HIV-2 group A isolate, only one HIV-2 group
B isolate, and no HIV-2 group C to H isolates in the blinded
samples, only two viral load levels (500 and 5,000 copies/ml) in
the blinded samples (and no samples with very low levels [50
copies/ml]), and no formal testing of intralaboratory and in-
terassay variation for each HIV-2 group and sample concen-
tration.

In this 2nd international collaboration to validate HIV-2
viral load assays, using a common standard generally improved
HIV-2 group A quantification. Unfortunately, no such im-
provement was observed for group B HIV-2 RNA quantifica-
tion, and this is probably due to the high diversity of HIV-2
group B isolates and viral assay design directed at HIV-2 group
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A isolates in most labs. The level of HIV-2 viral diversity, as
well as interlab assay heterogeneity, may make it difficult to
compare results between the different HIV-2-infected cohorts
of the ACHI;V, collaboration, especially in countries where
HIV-2 group B circulates (4, 6, 14, 18). Ultimately, further
efforts to standardize, validate, and commercialize simple, low-
cost HIV-2 viral load assays are needed. Such efforts will,
hopefully, lead to improved care and treatment of HIV-2 in-
fection in both developed and resource-limited locales.
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