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Although antiretroviral treatment availability has improved, the virological monitoring of patients remains largely uneven
across regions. In addition, viral quantification tests are suffering from human immunodeficiency virus type 1 (HIV-1) genetic
diversity, fueled by the emergence of new recombinants and of lentiviruses from nonhuman primates. We developed a real-time
reverse transcription-PCR (RT-PCR) assay that is relatively inexpensive and able to detect and quantify all circulating forms of
HIV-1 and its simian immunodeficiency virus (SIV) precursors, SIVcpz and SIVgor. Primers and a probe were designed to detect
all variants of the HIV-1/SIVcpz/SIVgor lineage. HIV-1 M plasma (n � 190; 1.68 to 7.78 log10 copies/ml) representing eight sub-
types, nine circulating recombinant forms, and 21 unique recombinant forms were tested. The mean PCR efficiency was 99%,
with low coefficients of intra- and interassay variation (<5%) and a limit of quantification of <2.50 log10 copies/ml, with a
200-�l plasma volume. On the studied range, the specificity and the analytical sensitivity were 100 and 97.4%, respectively. The
viral loads were highly correlated (r � 0.95, P < 0.0001) with the reference method (generic HIV assay; Biocentric) and had no
systematic difference, irrespective of genotype. Furthermore, 22 HIV-1 O plasmas were screened and were better quantified com-
pared to the gold-standard RealTime HIV-1 assay (Abbott), including four samples that were only quantified by our assay. Fi-
nally, we could quantify SIVcpzPtt and SIVcpzPts from chimpanzee plasma (n � 5) and amplify SIVcpz and SIVgor from feces.
Thus, the newly developed real-time RT-PCR assay detects and quantifies strains from the HIV-1/SIVcpz/SIVgor lineage, includ-
ing a wide diversity of group M strains and HIV-1 O. It can therefore be useful in geographical areas of high HIV diversity and at
risk for the emergence of new HIV variants.

In 2009, about 5.2 million people in low- and middle-income coun-
tries were receiving antiretroviral therapy (ART) (UNAIDS, 2010).

Programs to scale-up ART in resource-limited countries have in-
creased the number of people receiving treatment. Nevertheless,
viral load (VL) monitoring for patients on ART or for early viral
detection in exposed children is only rarely available in resource-
limited settings. Scale-up of laboratory monitoring such as VL
measurement in low-income countries is a priority, and it has
been defined as a recommendation by UNAIDS in 2010 to im-
prove the efficiency and quality of human immunodeficiency vi-
rus (HIV) antiretroviral treatment and care.

Today, different viral load assays are available and use different
techniques of molecular biology such as real-time reverse tran-
scription-PCR (RT-PCR), nucleic acid sequence based amplifica-
tion, or branched-chain DNA signal amplification (bDNA) (re-
viewed in reference 1). If HIV quantification assays are rarely
present or only in reference laboratories of resource-limited coun-
tries, it is mainly due to their high cost which can reach 50 to 100
dollars per sample (i.e., higher than the cost of ART) and their
need for specific instruments and trained staff (2). Two cheaper
alternatives to classical molecular methods, heat-dissociated
HIV-1 p24 antigen enzyme-linked immunosorbent assay (ELISA)
(3, 4) and the Cavidi ExaVir reverse transcriptase activity assay (5,
6), have been proposed but have demonstrated inconclusive re-
sults for the first and need further improvement and evaluation
for the second (7–9). Dipstick and chip technologies are still in
development (2, 10, 11). Therefore, recent “in-house” or generic
real-time RT-PCR assays have shown diverse advantages and are

relatively inexpensive (the real-time technology is widely used in
HIV and other viral infection detections) (12–14).

The high genetic diversity of HIV-1 is a major challenge for the
development of efficient and sensitive quantification assays (1, 2,
14, 15). All commercial quantitative tests were primarily designed
on subtype B viruses and, even if they are continuously optimized
to detect a broad range of variants, they still do not quantify effec-
tively all circulating strains (1, 16–18). This drawback is particu-
larly an issue in sub-Saharan African areas, where non-B strains
predominate, and where many and highly diverse HIV-1 variants
cocirculate. Due to globalization, this heterogeneity can also be
found in different geographic regions in which the common viral
load assays may not be able to detect these “unusual” strains (19–
21). Furthermore, highly divergent viruses, such as HIV-1 groups
O, N, and P, which also circulate and have a clinical course similar
to that of HIV-1 group M, need appropriate monitoring tools that
are not often available (22, 23). Thus, HIV diversity and molecular
epidemiology still impacts on the management and monitoring of
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HIV-infected patients. Some recent generic or “in-house” tests
have designed their assay to target a wide variety of HIV-1 strains
and could validate their technique on multiple samples from dif-
ferent geographic areas (reviewed in reference 24). However, the
main limit of the majority of these tests is that their designed
primers and probe have numerous mismatches with HIV-1
groups O, N, and P (alignment with HIV-1 sequences from the
HIV.lanl database [data not shown]), implying the possible non-
detection or underquantification of these circulating strains (25).
On the other hand, a real-time PCR assay developed by Gueudin
and coworkers specifically quantifies HIV-1 group O but does not
detect HIV-1 group M strains (22, 26).

To date, no viral load assay has been designed to possibly detect
new zoonotic simian immunodeficiency virus (SIV)/HIV viruses
emerging from SIVs naturally infecting chimpanzees and gorillas,
such as HIV-1 group P identified in 2009 from SIVgor (27). Fur-
thermore, recent studies have shown that SIVcpz, ancestors of
HIV-1, can be pathogenic for their natural host (28, 29), and we
showed previously how difficult it can be to follow such viral in-
fection in plasma and fecal samples. To monitor SIV infection in
naturally infected apes, a new tool should be available to detect
SIV RNA in fecal samples and to quantify SIV viral load in plasma
over the course of infection.

Here, our goal was to design a new quantitative RT-PCR (RT-
qPCR) assay, relatively inexpensive and at least equal to generic or
“in-house” tests regarding technical characteristics and perfor-
mance, but with the capacity to virtually detect and quantify all
HIV-1 circulating strains. Furthermore, there is still a risk for SIV
emergence from infected apes to humans. It will then be impor-
tant to be able to detect with this same test any hypothetic new
emerging SIVcpz or SIVgor viruses in the human population. Fi-
nally, a detection and quantification test would be useful for mon-
itoring SIV infection in great apes from both fecal and plasma
samples in order to understand better the course of SIVcpz and
SIVgor infections in their natural hosts, the reservoir of the ances-
tors of HIV-1. Thus, our aim was to design a single quantitative
viral load assay satisfying these different goals.

MATERIALS AND METHODS
HIV-negative plasma samples. For negative control and specificity deter-
minations, 72 HIV-negative plasma samples from patients attending a
hospital in Yaoundé, Cameroon, for an HIV test were available. The neg-
ativity of these samples was determined by diverse HIV serological tests
(ICE HIV-1.0.2 [Murex Biotech, Ltd., Dartford, United Kingdom]; Well-
cozyme HIV Recombinant [Murex]; and Determine HIV-1/2 [Abbott
Laboratories, Tokyo, Japan]). These samples were processed similarly as
the HIV-positive samples.

HIV-1 group M plasma samples. A total of 190 HIV-1 group M RNA
extracts from plasma samples were available for viral quantification (Ta-
ble 1). All of them were previously analytically detected with the Generic
HIV-1 Viral Load Biocentric kit (Biocentric) for clinical studies and con-
served at �80°C. Their VLs ranged between 1.68 and 7.78 log10 copies/ml,
with 12 of the 190 plasma samples being analytically detected (PCR am-
plification) but under the threshold of quantification determined by Bio-
centric (Biocentric quantification threshold, 2.5 log10 copies/ml) (30).
The remaining 178 plasma samples were clinically positives as quantified
by the Biocentric technique (�2.5 log10 copies/ml).

For 167/190 HIV-1 group M-positive plasma samples that had a VL
superior to 3 log10 copies/ml, a region of �1,865 bp in pol (protease and
reverse transcriptase regions) was amplified and sequenced as previously
described, primarily to determine the drug resistance profile and geno-
types for previous studies (31–33; M. Peeters, unpublished data). The

different subtypes and circulating recombination forms (CRFs) are
shown in Table 1. Our evaluation included plasma samples from four
different countries of Africa with different HIV-1 subtype/CRF distribu-
tions: 18 from Burundi and 54 from Togo with a relatively low genotypic
heterogeneity (mainly subtype C and CRF02, respectively) and 65 from
Cameroon and 39 from the Democratic Republic of the Congo (DRC)
with highly diverse subtypes and CRFs. We also included 14 plasma sam-
ples with HIV-1 subtype B strains from the hospital of Montpellier, France
(34). The panel covered the heterogeneity of subtypes and CRFs of HIV-1
group M circulating strains: all subtypes, with the exception of subtype K,
were represented, major CRFs were also present, and 21 unique recombi-
nant forms (URFs) were included (19). This panel also comprised 23
samples from which genotyping was not possible or not performed due to
their low viral loads (�3 log10 copies/ml), but they were kept in the study
since we wanted to test our assay on samples with very low viral loads too.

HIV-1 group O samples. We tested 31 HIV-1 group O samples with
our new RT-qPCR assay. All samples were identified as HIV-1 O by a
previously reported in-house ELISA using V3-loop peptides from HIV-1
groups M, N, and O (35). Twenty-two samples were plasma samples from
Cameroon conserved at �80°C and previously quantified by the Abbott
RealTime test (Abbott Molecular, Inc., Des Plaines, IL) in Yaoundé, Cam-
eroon. For the nine remaining samples, only DNA extracts, with HIV-1
group O sequence confirmation, conserved at �20°C, were available for
detection, but they allowed us to further test our assay on various HIV-1
group O strains. For HIV-1 group O-positive samples, a small region in
env (gp41) of �450 bp and/or a region in pol (reverse transcriptase) of
�1,800 bp were amplified and sequenced when enough material was
available (14/31 samples). The sequences were aligned with CLUSTAL W
(36), and the phylogenies were performed using PhyML (37) with the
GTR model with four gamma distributed rate categories. The group O
strains sequenced and tested here covered the HIV-1 group O genetic
diversity (Fig. 1A).

SIVcpz plasma samples from chimpanzees. We tested plasma sam-
ples from three previously described SIVcpz-infected chimpanzees and
one uninfected chimpanzee as a negative control. Two SIVcpz� chimpan-

TABLE 1 Selected HIV-1 group M plasma samples tested with the new
RT-qPCR assay

Subtype/CRF

No. of samples

Burundi Cameroon DRCa Togo France Total

A 2 6 8
B 14 14
C 16 1 3 20
D= 3 3
F2 3 3
G 2 3 5
H 3 3
J 3 3
U 1 1
CRF01 2 1 3
CRF02 34 3 25 62
CRF06 2 3 5
CRF11 3 1 4
CRF13 1 1
CRF14 1 1
CRF18 1 1
CRF22 8 8
CRF37 1 1
URF 3 12 6 21

Totalb 18 65 39 54 14 190
a DRC, Democratic Republic of the Congo.
b The total includes the 23/190 samples with unknown genotypes.
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zees (Gab2 and Ch-Go) are from Pan troglodytes subsp. troglodytes and
were infected with SIVcpzPttGab2 (38, 39) and SIVcpzPttCam155 (28),
respectively. These strains cluster in the SIVcpzPtt/HIV-1 M/HIV-1N lin-
eage close to other SIVcpzPtt-infecting chimpanzees from Cameroon and
Gabon (black arrows in Fig. 1B). Ch-No, the third SIVcpz-positive chim-
panzee, is from Pan troglodytes subsp. schweinfurthii and was infected with
SIVcpzPts-ant that clusters in the monophyletic lineage of SIVcpzPts
strains, of the SIVcpzPtt/SIVgor/HIV-1 lineage (40, 41) (see the black
arrow in Fig. 1B). Sequential plasma samples were available for Ch-Go
(two time points 7 years apart) and for Ch-No (four time points between
October 1989 and January 1991).

HIV/SIV RNA extraction from plasma samples. HIV and SIV RNA
were extracted from 200 �l of plasma, conserved at �80°C, using a
QIAamp viral RNA minikit (Qiagen, Courtaboeuf, France), and eluted
with 60 �l of elution buffer. Standards and the reproductive control,
provided by generic HIV-1 viral load Biocentric kit (Biocentric, Bandol,
France), were inactivated culture supernatants of HIV-1 subtype B and
extracted according to the same protocol.

Fecal samples from wild-living chimpanzees and gorillas infected
with SIV. We tested 78 fecal samples, conserved in RNAlater, from chim-
panzees (n � 24) and gorillas (n � 54) from Cameroon previously de-
scribed to have HIV-1 cross-reactive antibodies (42, 43). In these previous
studies, we were able to amplify and sequence fragments in the pol and/or
gp41 viral regions from five chimpanzee samples (5/24) and from 15 go-
rilla samples (15/54), after 2 to 10 independent RNA extractions and
subsequent RT-PCR attempts. These strains represented the genetic di-
versity of SIVcpzPtt and SIVgor viruses (white arrows in Fig. 1B). Here, we
extracted total RNA from 1.5 ml of each ape’s fecal sample, using a
NucliSens magnetic extraction kit (bioMérieux, Craponne, France) as
previously described (43), to obtain a final RNA extract volume of 50 �l.

Development of a real-time RT-qPCR assay for detection and quan-
tification of viral strains from the HIV-1/SIVcpz/SIVgor lineage. We
designed the primers and probe using an alignment of sequences from
various HIV-1 strains from all four groups (M, N, O, and P), SIVcpzPtt
and SIVcpzPts, and SIVgor viruses. The long terminal repeat (LTR) re-
gion was first explored according to previous studies, which choose this
region because of its low variability across HIV-1 strains (26, 44–46). The
alignment we made with more divergent viruses (SIVcpz and SIVgor) and
with all sequences available from divergent HIV-1 groups (N, O, and P),
including some not available at the time of the previously reported
assays in the LTR region, highlighted the numerous mismatches of
previously described primers and probes. Thus, we designed new ones
that were set to amplify HIV-1 groups M, N, O, and P, as well as
SIVcpzPtt, SIVcpzPts, and SIVgor viruses. The reverse primer (HXB2
positions 622 to 642, 5=-AAAATCTCTAGCAGTGGCGCC-3=) was sim-
ilar to a previously described primer (30), and the forward primer (HXB2
positions 523 to 539, 5=-SSCTCAATAAAGCTTGCC-3=) had a position
and length similar to that previously described (46), but we changed two
nucleotides at the 5= end to match all of the divergent strains. These prim-
ers, matching all aligned sequences with 100% homology, amplified a
small fragment of 120 bp. The new probe (HXB2 positions 588 to 603,
5=-CTAGAGATCCCTCAGA-3=) was designed in a position similar to
that previously reported (45) but was 10 bp shorter and had different
characteristics; it was a reverse internal TaqMan probe carrying a 5= FAM
reporter and a 3= minor groove binding/nonfluorescent quencher (Ap-
plied Biosystems, Foster City, CA). It should be noted that one mis-
matched nucleotide residue at the 3= end was observed for three SIVcpzPts
strains (SIVcpzPtsTAN1, -2, and -3).

We performed all runs in a 20-�l reaction volume containing 10 �l of
RNA extract, the primers and the probe at 500 nM, 1� of TaqMan Fast

FIG 1 (A and B) Phylogenetic relationships between HIV-1 group O strains (A) and SIVcpz/SIVgor viruses (B), tested by our RT-qPCR assay with reference
strains. (A) Phylogenetic tree derived from an env region (gp41; 394 bp). Gray arrows highlight strains from our panel. Some strains were not sequenced because
of material limitations and others were available only in pol region. (B) The tree is derived from a small env region (gp41; 248 bp), constructed by BioNJ (66).
White arrows highlight strains from our fecal sample panel (except from CR4112 amplified in the pol region only, and CR6278, -6466, -6495, -6534, and -6682
amplified in a small 195-bp region of gp41), and black arrows highlight strains from plasma samples. All of the sequences were retrieved from the HIV database
(http://www.hiv.lanl.gov/).
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Virus 1-Step master mix (Applied Biosystems), and RNase-free water to
the final volume. The thermal cycling conditions were as follows: RT at
50°C for 5 min, RT inactivation and initial denaturation at 95°C for 20 s,
and amplification with 50 cycles of 95°C for 3 s and 58°C for 30 s (total
duration, �70 min). Cycling and data acquisition were carried out using
the 7500 Real-Time PCR system (Applied Biosystems). We used five stan-
dards from the OptiQuant HIV-1 RNA quantification panel (2.78, 3.78,
4.78, 5.78, and 6.78 log10 copies/ml) and the OptiQuant HIV-1 RNA
low-positive control (3.78 log10 copies/ml) (Biocentric). We assessed the
maximum lower-limit at which a sample can be correctly quantified by
diluting the 3.78-log10 copies/ml standard to two lower concentrations
(2.50 and 1.78 log10 copies/ml) and tested them in eight replicates.

RT-qPCR reference techniques. The generic HIV-1 viral load Biocen-
tric assay was used as a reference for group M detection and quantification
according to the manufacturer’s instructions. This Biocentric assay was
previously validated compared to the Versant bDNA HIV RNA kit (v3.0;
Siemens Healthcare Diagnostics, Inc., Deerfield, IL) and the Amplicor
HIV-1 Monitor standard RT-PCR assay (v1.5; Roche Molecular Systems,
Pleasanton, CA) (30, 46) and can detect a wide diversity of HIV-1 group M
subtypes and CRFs. Using 200 �l of plasma, the threshold of the Biocen-
tric assay was set at 2.50 log10 copies/ml. The total duration of the ampli-
fication was ca. 120 to 140 min. Cycling and data acquisition were carried
out using an ABI Prism 7000 sequence detection system or the 7500 Real-
Time PCR system (Applied Biosystems). The generic Biocentric tech-
nique was performed in the IRD laboratory in Montpellier, France. The
Abbott m2000rt RealTime HIV-1 assay (Abbott Molecular) was used as a
reference for group O detection and quantification, since it was previously
validated for HIV-1 group O sample quantification (18, 23). This tech-
nique was performed in the IMPM/IRD laboratory in Yaoundé, Came-
roon, according to the manufacturer’s instructions.

Statistical analyses. The STATA software package version 10.1 (Stata
Corp., College Station, TX) was used for all statistical analyses described.
The standards and the low-positive control were tested in 10 independent
runs to determine the reproducibility, the linearity, and the between-run
variability of our RT-qPCR technique. We assessed within-run variability
by testing six different samples (five standards and the low-reproductive
control) in eight replicates in the same run. The specificity of our assay was
calculated as the number of negative samples out of the total number of
tested samples from uninfected individuals. The analytical sensitivity for
HIV-1 M RNA was calculated as the number of samples detected with our
technique divided by the number of samples detected with the Biocentric
generic assay, including samples under the quantification threshold. Cor-
relation between results from the generic Biocentric test and our new
RT-qPCR assay were measured by a Pearson correlation coefficient and by
a Spearman rank correlation coefficient for results from each country. We
generated a Bland-Altman difference plot for bias and agreement mea-
surements, including the limits of agreement (47).

RESULTS
Reproducibility and variations between and within runs. The
interassay reproducibility of the standard curve with our new RT-
qPCR method was assessed on 10 independent assays. In all cases,
there was a strong linear correlation between the cycle threshold
values found in each experiment and the viral load (log10 copies/
ml) with a median correlation coefficient of 1.00 (range, 0.99 to
1.00). The mean slope of the standard curve was �3.33 (range,
�3.44 to �3.15), corresponding to a mean amplification effi-
ciency of 99.2%. The standard with the lowest concentration (2.78
log10 copies/ml) was always detected and amplified. The diluted
sample at 2.50 log10 copies/ml was always detected and quantified
with a low coefficient of variation (inferior to 15%), whereas the
diluted sample at 1.78 log10 copies/ml was detected in six of eight
replicates. Thus, our RT-qPCR assay has a quantification thresh-
old inferior to 2.50 log10 copies/ml using an input volume of 200

�l of plasma (limit included in the 1.78- to 2.50-log10 copies/ml
interval). The low-positive control at 3.78 log10 copies/ml was
added to each test and was used to further assess the reproducibil-
ity and determine the between-run variation. The mean value of
this positive control was 3.83 log10 copies/ml (standard deviation
[SD] of 	0.19) with a coefficient of variation of 4.8%. These data
are highly similar to what has been determined for the generic HIV
viral load Biocentric assay, confirming a good inter-run reproduc-
ibility.

To assess the within-run variation, the standards (n � 5) and
the low-positive control were each replicated eight times in the
same experiment. The low-positive control and the standards
were always detected and correctly quantified with a mean coeffi-
cient of variation of 4.0% 	 0.2%.

The analyses of HIV-1 group M and HIV negative samples
show that the assay has a good sensitivity and specificity. For the
analytical evaluation, a total of 190 HIV-1 group M-positive
plasma samples were detected by generic HIV viral load Biocentric
assay and tested with the new RT-qPCR test (VL range, 1.68 to
7.78 log10 copies/ml). Of these, 185 plasma samples were effec-
tively detected with our technique (VL range, 2.14 to 8.07 log10

copies/ml). The analytical sensitivity of our assay could be esti-
mated at 97.4% (95% confidence interval [CI] � 94.0 to 99.1%).
Five samples, with a Biocentric viral load between 2.18 and 3.04
log10 copies/ml, were not detected with our assay, including three
under the Biocentric quantification threshold (2.5 log10 copies/
ml). Two samples had a viral load superior to the quantification
threshold: one from Cameroon [VL(Biocentric), 3.04 log10 cop-
ies/ml] from which no genotype could be obtained despite two
amplification attempts in the conserved pol region, and one from
the DRC (VL, 2.94 log10 copies/ml) with no genotyping available.
The specificity of the test was assessed with 72 HIV negative sam-
ples from Cameroon. All samples yielded negative results with our
test. Thus, the specificity of the assay was 100% (95% CI � 95.9 to
100%).

Good correlation between the new test and the reference Bio-
centric assay for the quantification of HIV-1 group M, irrespec-
tive of the genotype. Biocentric HIV viral load results and new
RT-qPCR assay viral load measures were both available for 185
HIV-1 group M plasma samples. As shown in Fig. 2A, an excellent
correlation was found between the results of both assays (Pearson
correlation coefficient r � 0.95; P � 0.0001). Considering the
quantification threshold of 2.5 log10 copies/ml, the Biocentric as-
say and our RT-qPCR test quantified 178 and 179 samples above
this limit, respectively. Three samples were under the threshold
with both techniques, while four and three samples were under the
threshold with Biocentric and our assay, respectively (Fig. 2A). We
determined the agreement between the two assays by the Bland-
Altman difference plot (Fig. 2B) (47). The mean viral load differ-
ence between the two tests was of 0.02 log10 copies/ml and was not
significantly different from 0 (P � 0.37). Importantly, the differ-
ence between both assays did not increase at low or high viral loads
(r � 0.09; P � 0.24). The SD was of 0.34 log10 copies/ml, and the
95% CI ranged from �0.03 to 0.07, included in the 	0.50-log10

copies/ml limits (48). In total, 95.1% of the 185 quantified samples
were inside the limits of agreement (mean 	 1.96). Four of the
nine samples outside of the limits of agreement (Table 2) had a
viral load inferior to the quantification threshold of 2.5 log10 cop-
ies/ml with the Biocentric technique, whereas only one was de-
tected under this threshold in our assay (Table 2). Two samples,
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subtype H and CRF02, had higher viral loads with the Biocentric
technique (Table 2). However, seven samples— one subtype B,
one CRF22, one CRF37, two CRF02, and two with unknown
genotype—had higher viral loads with our new RT-qPCR method,
with a mean difference of �0.92 log10 copies/ml. Overall, our test was
validated for the quantification of HIV-1 group M RNA since it dem-
onstrated no significant difference with the reference assay.

Our panel of HIV-1 group M samples was very diverse and
covered the genetic diversity of HIV-1 group M subtypes and
CRFs. Each subtype or CRF was represented by 1 to 62 samples.
Samples for the study came from four different countries of Africa
with very distinct HIV-1 circulating strains (i.e., our panel from

Burundi had samples mostly from subtype C, whereas our panel
from the DRC harbored a high genetic diversity with 11 different
subtypes or CRFs, 12 URFs, and 2 from an unknown genotype
[Table 1] and from one hospital in France) (Table 1). To deter-
mine whether the molecular epidemiological situations, i.e., dif-
ferent HIV-1 subtypes circulating at different frequencies, would
impact negatively on our quantitative assay, we assessed the cor-
relation between Biocentric and our technique for each studied
country. We found that the Spearman correlation coefficient be-
tween the two techniques was superior to 0.95 (P � 0.0001), irre-
spective of the country. Our test thus showed very good capacity
to quantify the viral load of HIV-1 group M plasma samples, irre-
spective of the molecular epidemiological situation and the HIV-1
group M genotype.

Detection and quantification of HIV-1 group O strains. We
tested 31 HIV-1 group O samples for viral detection with our new
RT-qPCR assay, 22 were plasma samples previously tested with
the Abbott RealTime kit, and 9 were DNA extracts with HIV-1
group O sequence confirmation (Table 3). With our method, we
detected all 10 HIV-1 group O plasma samples that were previ-
ously detected with the Abbott kit, showing that our assay can
readily detect HIV-1 group O viruses. We then compared viral
loads of each plasma sample assessed with our technique and with
the Abbott RealTime assay. We found that our new RT-qPCR
assay correlated well with the Abbott test for 7 of 10 HIV-1 group
O samples, with a mean viral load difference of �0,05 log10 cop-
ies/ml for these seven samples [range of 
 VL(Abbott RealTime) �
VL(new RT-qPCR), �0.35 to 0.37 log10 copies/ml]. We quanti-
fied three samples with a significantly higher viral load than for the
Abbott technique (
 � �0.72, �1.19, and �1.69 log10 copies/ml).
Importantly, we could detect four additional HIV-1 group O
strains that were not detected by the reference method. The viral
loads of these four samples ranged from 2.18 to 3.64 log10/ml
(Table 3). Thus, our technique allowed us to detect and quantify
more HIV-1 group O viral RNA than the reference method
(higher analytical sensitivity, 64% versus 45%), and some samples

FIG 2 HIV-1 group M RNA viral load quantified by the generic HIV-1 viral load Biocentric kit and our new RT-qPCR assay. (A) Samples (n � 185) detected with
both techniques were plotted on this linearity plot. The solid line represents the fitted regression. Pearson correlation r, 0.95 (P � 0.0001). The 2.50-log10

copies/ml limit of detection is represented by gray dashed lines. (B) The 185 samples detected with both techniques were plotted on this Bland-Altman difference
plot. The vertical axis indicates the difference between the Biocentric and the new RT-qPCR assay viral load, and the horizontal axis shows the mean viral load
between the two techniques. The mean bias on the difference (solid line, 
 � 0.023 log10 copies/ml) and limits of agreement (dashed lines) are shown on the
graphic. On the right vertical axis are represented two main limits: the 	0.5 log10 copies/ml limit, and the 95% CI interval (�0.027 to 0.072 log10 copies/ml).

TABLE 2 HIV-1 group M samples out of the limits of agreement
between our new RT-qPCR method and the generic Biocentric assaya

Sample Country Genotype

VL (log10 copies/ml)


VL(Biocentric)
VL(new
RT-qPCR)

Group 1
3355 Cameroon CRF02 5.51 6.78 –1.27
3080 Cameroon 1.85* 2.91 –1.06
625 DRCb CRF02 3.95 4.88 –0.93
5004 Togo 1.68* 2.59 –0.91
596 DRC CRF37 3.23 4.13 –0.81
3023 Cameroon CRF22 2.34* 3.13 –0.79
24 France B 1.81* 2.45* –0.64

Group 2
543 DRC H 3.69 2.95 0.74
5053 Togo CRF02 6.83 6.01 0.82

a Seven samples, out of the limits of agreement (mean 	 1.96 [standard deviation]),
had a higher viral load (VL) with our quantification assay compared to the generic
Biocentric test (group 1) and two had a lower viral load (group 2). For each sample, the
country of origin and the genotype are given with the viral loads obtained from both
techniques and the difference between them: 
 � VL(Biocentric) � VL(new RT-qPCR).
*, Viral load inferior to the 2.5-log10 copies/ml threshold.
b DRC, Democratic Republic of the Congo.
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detected by both methods had higher viral loads with the new
method.

HIV-1 group O viruses harbor a high genetic diversity, but no
subtypes have been determined, such as group M classification.
Here, as shown by our phylogenetic tree in the env region (Fig. 1A)
and also by analyses in pol region (data not shown), the strains
from our panel covered the HIV-1 group O diversity. These data
suggest that our technique provides a better quantification of
HIV-1 group O viruses than the gold standard commercial test,
irrespective of the genetic diversity.

SIVcpzPtt and SIVcpzPts RNA detection and quantification.
The SIVcpz strains from the three infected chimpanzees were readily

detected with our assay, while the two plasma samples from Ch-Ni,
the SIV-negative chimpanzee, were negative (Table 4), showing
that our RT-qPCR assay was able to specifically detect both
SIVcpzPts and SIVcpzPtt strains. Plasma samples from Cam155
were all detected and quantified and had viral loads of �5 log10

copies/ml (Table 4). Previously, the quantification of the plas-
matic SIVcpzPttCam155 RNA concentration was also carried out
with the bDNA assay in 2004 (Versant HIV-1 RNA 3.0) and the
Abbott RealTime test in 2011 (28). In 2004, the VL(Versant) was
5.09 log10 copies/ml, which was not significantly different from
the viral load found with the new RT-qPCR assay. However, a viral
load of 3.76 log10 copies/ml was found with the Abbott test
in 2011, which was significantly lower than with our technique
(
 � �1.02 log10 copies/ml). We could detect and quantify
SIVcpzPttGab2 from a plasma sample of chimpanzee Gab2 drawn
in April 1988. We performed two independent RNA extractions
and quantifications and found similar viral loads �3 log10 cop-
ies/ml (Table 4). The strain infecting Ch-No is from the SIVcpzPts
lineage (Fig. 1B), a clade more divergent from HIV-1 than
SIVcpzPtt. However, our test was still able to detect and quantify
this divergent variant (Table 4). For Ch-No, we had four sequen-
tial blood samples taken between September 1989 and January
1991: the first two at the end of 1989 had an undetectable viral
load, and the last two in April 1990 and January 1991 had detect-
able viral loads of 2.68 and 3.98 log10 copies/ml, respectively. Pre-
viously, Kestens et al. observed a fluctuating pattern with the mea-
surement of virus titers in plasma varying from undetected to
1,000 tissue culture infectious doses/ml (49). From the end of
1997 to 2001 (i.e., dates after our panel), Ondoa et al. quantified
viral RNA from Ch-No plasma samples with a specific in-house
assay, and the values varied from 3.93 to 5.80 log10 copies/ml (50,
51), in the range of our viral loads. Therefore, despite the high
genetic distances between SIVcpz strains, our assay was able to
detect and quantify the SIVcpzPtt and SIVcpzPts RNA from chim-
panzee plasma samples.

SIVcpz and SIVgor detection from fecal samples. Here, we
tested the detection of SIVcpzPtt and SIVgor viral RNA from fecal
samples (i) to determine whether our real-time RT-PCR assay was
able to detect both types of viruses, direct ancestors of all HIV-1
groups, and (ii) to test whether this assay was sensitive enough for
viral detection in fecal samples.

We showed previously that our test was able to detect SIVcpzPtt
virus in plasma samples. Here, we tested 24 fecal samples from
nine different Pan troglodytes subsp. troglodytes chimpanzees pre-
viously shown, by serology, to be infected with SIVcpzPtt (28, 42).
Since these chimpanzees were from four different locations in
south Cameroon and because of the phylogeographic clustering of
SIVcpzPtt, the viruses tested were expected to have high genetic
distances between them (52), which could be confirmed for four
of them (28, 42) (Fig. 1B). Here, from a unique RNA extract, we
could amplify SIVcpzPtt from only three fecal samples (corre-
sponding to two individuals) with the conventional RT-PCR,
while we could detect SIVcpzPtt from eight fecal samples (corre-
sponding to four individuals) with the real-time RT-PCR assay
(Table 5). We confirmed by sequence analyses that the amplified
LTR fragments corresponded to SIVcpzPtt (data not shown). It is
thus possible to detect SIVcpzPtt in fecal samples using this real-
time RT-PCR system. Although, the sensitivity of detection on
this small number of samples could not be determined and further

TABLE 3 HIV-1 group O detection and quantification by RT-qPCRa

Sample

VL (log10 copies/ml)



VL(Abbott
RealTime)

VL(new
RT-qPCR)

Plasma samples for
quantification

YD1396 2.28 2.43 –0.15
C1/378/LIMA 2.47 2.11 0.37
YD1431 2.53 4.22 –1.69
CM2080 3.04 3.38 –0.35
03/096/A66 3.12 3.84 –0.72
YD656 3.14 4.32 –1.19
CI973 3.18 3.21 –0.03
CM1070 3.29 3.51 –0.22
C1/251/NKPI 3.65 3.70 –0.06
2778/07 3.68 3.61 0.07
MR140 – 3.64 New �/Abbott –
HJ2464 – 3.16 New �/Abbott –
HJ2653 – 2.18 New �/Abbott –
HJ2656 – 3.25 New �/Abbott –
YD593 – –
YD594 – –
YD603 – –
1689/09 – –
2634/08 – –
CI706 – –
up0041 – –
HJ2722 – –

DNA samples for
detection

HJ020 3.64
HJ036 4.46
HJ100 4.00
HJ162 3.92
HJ736 –
MI159 4.72
PA206 3.60
SKPI4077 3.32
SKPI1015 5.22

a The table is divided into two main parts: (i) plasma samples, to test HIV-1 group O
detection and quantification, and (ii) DNA samples, to test for HIV-1 group O
detection. Sample identifications are indicated in column 1. For each sample, the viral
loads (VL) in log10 copies/ml obtained from both techniques are given if it could be
detected (the minus signs in the VL columns reflect nondetection of samples), and the
difference between them was calculated: 
 � VL(Abbott RealTime) � VL(new RT-
qPCR), given as the log10 copies/ml. “New �/Abbott �” indicates that only the new
assay could detect and quantify the corresponding strains. Values indicated in boldface
represent significantly different VLs or different results between our assay and the
reference assay.
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studies are needed, the sensitivity of the new assay seemed better
than with conventional RT-PCR.

In addition, we tested 54 fecal samples from 22 Gorilla gorilla
subsp. gorilla individuals from Cameroon previously shown, by
serology, to be infected with SIVgor. In previous studies (28, 42),
we could amplify and sequence SIVgor small fragments with a
conventional RT-PCR in only 15 samples after multiple extrac-
tions and amplification attempts (Fig. 1B). Here, on a unique
RNA extract, we could amplify SIVgor viruses from only four fecal
samples (corresponding to three infected gorillas) with the con-
ventional RT-PCR, whereas we could detect SIVgor viruses in 13
fecal samples (corresponding to eight individuals) with the real-
time RT-PCR assay (Table 5). We confirmed by LTR sequencing
analyses that the amplified fragments were corresponding to
SIVgor. Our test is thus able to detect SIVgor viruses in fecal sam-
ples. After one attempt, the new real-time assay was able to detect
SIVgor strains on 24% of the samples, compared to only 7% with
the conventional method.

What is striking is that SIVcpz and SIVgor from various fecal
samples from the same infected individual were not systematically
detected. Thus, the main limit for SIV detection and amplification
in fecal samples from great apes is not the genetic diversity of the
viruses but the extremely low viral load in these samples, at the
limit of detection of any PCR assay, which is certainly due to
the sample degradation and/or the low viral shedding in feces.

DISCUSSION

We were able to develop a new real-time RT-PCR assay with the
capacity to detect and quantify a wide range of HIV-1 variants and
their progenitors SIVcpz and SIVgor, infecting chimpanzees and
gorillas, respectively. The cost per reaction was comparable to the
costs of other generic or “in-house” assays (lower than $15 for
reagents and consumables) and, most importantly, was substan-
tially less than the cost of commercial tests at around $50 to $100
per reaction (2).

Our assay had a high PCR efficiency with low variations be-
tween and within runs. The quantification threshold was inferior
to 2.50 log10 copies/ml (range, 1.68 to 2.50) with an input volume

of 200 �l, which is comparable with commercial and “in-house”
assays with the same input volume (18, 24). As shown previously,
a higher plasma input volume could lower the quantification
threshold our assay (18, 24), but the test was validated here on the
same RNA extraction method as for the Biocentric assay to ensure
reproducibility and eliminate bias related to different extraction
procedures. The 100% specificity of our test shows the unlikeli-
ness of false-positive results that have adverse consequences for a
patient on ART with a normally undetectable viral load. Steegen et
al. reported, for example, a false-positive result out of 20 HIV-
negative samples tested with the generic Biocentric assay (speci-
ficity, 95.0%; 95% CI, 73.1 to 99.7%) (53). The analytical sensitiv-
ity of our real-time assay, 97.4%, was calculated on 190 HIV-1
group M-positive samples previously tested with the generic Bio-
centric kit with a VL range of 1.68 to 7.78 log10 copies/ml. Only
two samples with a viral load superior to the Biocentric quantifi-
cation threshold were not detected with our technique, possibly
because of their low viral load close to the quantification limit.
However, 15 other samples with a low to very low viral load (�3
log10 copies/ml) were effectively detected by our test. Alternative
explanations for false-negative results would be mismatches with
the primers or the probe or a PCR inhibition. An interesting per-
spective would be to add an internal control to this “in-house”
assay to identify false-negative results due to PCR inhibition; Dro-
sten et al. showed that PCR inhibition could concern 3.7% of
reactions (45). The impact of these two nondetections comparing
to the low Biocentric VL results would not have major clinical
consequences in resource-limited settings since, with both results,
treated patients would not have switched their ART regimens.
Actually, the threshold to determine treatment failure in resource-
limited countries as recommended by the World Health Organi-
zation in 2010 is 3.7 log10 copies/ml (54).

We showed that the generic Biocentric assay and our new RT-
qPCR test were highly correlated with no significant difference
between their mean viral load, albeit the wide viral load range
tested (1.68 to 7.78 log10 copies/ml), and 95.1% of quantified sam-
ples were within the limits of agreement between the two methods
(47). Two samples had higher viral load with Biocentric, whereas

TABLE 4 SIVcpzPtt and SIVcpzPts detection and quantification by RT-qPCR in plasma samplesa

Chimpanzee subspecies SIVcpz Plasma sample
RNA extraction date
(day.mo.yr) Serology Detection

Quantification
(log10 copies/ml)c

Pan troglodytes subsp. troglodytes
Ch-Go SIVcpzPtt-Cam155 CAM155-01.05.04 26.02.09 � � 5.12

CAM155-31.03.11 01.04.11b � � 4.64*
� 4.92*

Gab2 SIVcpzPtt-Gab2 GAB2-01.04.88-1 12.04.11 � � 3.26
GAB2-01.04.88-2 12.04.11 � � 3.29

Pan troglodytes subsp. schweinfurthii
Ch-No SIVcpzPts-ANT Ch-No-29.09.89 12.04.11 � -

Ch-No27.10.89 12.04.11 � -
Ch-No-14.04.90 12.04.11 � � 2.68
Ch-No-08.01.91 12.04.11 � � 3.98†

Ch-Ni Negative Ch-Ni-07.11.89 12.04.11 – –
Ch-Ni-07.11.89 12.04.11 – –

a Two to four plasma samples per individual from sequential blood tests from SIVcpz-infected chimpanzees (Ch-Go, Gab2, and Ch-No), as well as an SIV-negative chimpanzee
(negative control, Ch-Ni), were tested for the presence of SIV antibodies (serology) and the detection and quantification of viral RNA by the new RT-qPCR assay.
b RNA extraction was performed in Cameroon, and quantification was performed in Montpellier, France.
c *, Duplicates; †, viral titer in the plasma, 100 tissue culture infected doses/ml (49).
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TABLE 5 SIVcpzPtt and SIVgor detection from fecal samples with our real-time RT-PCR assaya

Fecal sample Individual
Extraction
dateb

RT-PCR amplification after
multiple attempts on
various RNA extracts

RT-PCR amplification
on the given RNA
extract

Real-time RT-PCR
detection on the
given RNA extract “VL” if detected

Chimpanzees
Cam155-1 Ch-Go 20110311 – – –
Cam155-4 Ch-Go 20110311 – – –
Cam155-2 Ch-Go 20110311 Pos Pos Pos 1.9
Cam155-3 Ch-Go 20110311 Pos Pos Pos 2.56
CR4891 BYc-ID1 20100402 Pos – Pos 1.63
CR3261 DJc-ID1 20090401 Pos – –
CR6369 DJc-ID3 – – –
CR5137 MBc-ID4 20100526 – – –
CR5138 MBc-ID4 20100526 – – –
CR6232 MBc-ID8 – – –
CR6233 MBc-ID8 Pos Pos –
CR6234 MBc-ID8 – – –
CR6235 MBc-ID8 – – –
CR6236 MBc-ID8 – – –
CR6386 MBc-ID8 – – –
CR6387 MBc-ID8 – – Pos 2,75*
CR6388 MBc-ID8 – – Pos 2.71
CR6254 MBc-ID9 – – –
CR6405 MBc-ID11 – – Pos 2.45*
CR6406 MBc-ID11 – – –
CR6407 MBc-ID11 – – Pos 2.34
CR6413 MBc-ID11 – – –
CR6414 MBc-ID11 – – Pos 2.46
CR6411 MBc-ID10 – – –
Total 5 3 8

Gorillas
CR6684 CPg-ID? – – –
CR3428 CPg-ID01 20091021 Pos – –
CR3428 CPg-ID01 20090619 Pos – Pos 1.66
CR6101 CPg-ID02 20110124 – – –
CR6435 CPg-ID04 – – –
CR6437 CPg-ID04 – – –
CR6438 CPg-ID04 – – –
CR6451 CPg-ID04 – – –
CR6473 CPg-ID04 – – –
CR6477 CPg-ID04 – – –
CR6481 CPg-ID04 – – Pos 2.55
CR6485 CPg-ID04 – – –
CR6486 CPg-ID04 – – –
CR6495 CPg-ID04 Pos – –
CR6640 CPg-ID04 – – –
CR6641 CPg-ID04 – – Pos 2.57
CR6682 CPg-ID04 Pos – –
CR5752 CPg-ID05 20100505 – – –
CR5803 CPg-ID05 20101019 – – –
CR5804 CPg-ID05 20100818 – – –
CR5849 CPg-ID05 20100817 – – –
CR6442 CPg-ID05 – – Pos 1.56
CR6453 CPg-ID05 – – –
CR6465 CPg-ID05 – – Pos 2.17
CR6466 CPg-ID05 Pos – –
CR6476 CPg-ID05 – – –
CR6478 CPg-ID05 – – Pos 2.21
CR6488 CPg-ID05 – – –
CR6489 CPg-ID05 – – –
CR6685 CPg-ID05 – – –
CR2744 CPg-ID11 20081211 – – –
CR2749 CPg-ID11 20081211 – – –

(Continued on following page)
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seven samples from various subtypes were significantly better
quantified with our method, including three that had viral loads
under the Biocentric threshold. Our panel included HIV-1 group
M samples from five different countries, with very diverse HIV-1
subtype/CRF distribution (19), including 39 samples from the
DRC and 65 from Cameroon, two countries with an extensive
genetic diversity (20, 55, 56). For each country, we found an ex-
cellent correlation between both VL methods’ results, showing
that HIV-1 group M diversity did not impact negatively on our
viral quantification. This aspect is of major importance, and VL
assays should always be validated and further evaluated in differ-
ent countries with different molecular epidemiological features, as
has been done for previous “in-house” assays developed for re-
source-limited settings (30, 45). The later criticisms on commer-
cial viral load assays and their lack of validation on “unusual”
strains for developed countries (1, 16, 17, 46, 57, 58) have induced
some changes in the development of industrial assays (2); i.e., the
Abbott real-time assay or the last Roche Cobas TaqMan kit were
recently validated and evaluated on HIV-1 group M diversity and
a few HIV-1 group O strains (18, 23, 59–62).

Unlike previously described generic or “in-house” tests, the
designed probe did not bear numerous mismatches with de-
scribed HIV-1 group O sequences, and our RT-qPCR assay was
able to detect and quantify HIV-1 group O viruses from plasma
samples. Importantly, of 22 group O samples, we were able to
detect and quantify four samples that were not detected by the

Abbott RealTime assay, and we measured higher viral loads in
three samples (
, �1.69 to �0.72), showing that our method may
be more sensitive than this commercial assay. In the present study,
we were able to test a high number of HIV-1 group O strains (22
plasma samples and nine DNA extracts representing 31 different
HIV-1 O strains). In most studies, including the ones performed
for commercial assays, only 2 to 11 HIV-1 group O samples were
tested, which is low to assess the quality of the quantification (18,
23, 61, 62). Plantier and coworkers were the only team able to test
a large number of group O samples (77 different strains) to vali-
date their specific HIV-1 group O “in-house” real-time assay (22,
26, 63). Furthermore, our group O panel covered HIV-1 group O
genetic diversity, reflecting that the high genetic diversity of this
group did not have an impact on our detection. Since other highly
divergent strains (HIV-1 groups N and P) have been found in only
few cases in humans, we could not test this new assay on all HIV-1
groups, but we are fairly confident that our test has this capacity
since we could detect genetically distant SIVcpz and SIVgor
strains.

Because of the ongoing risk of cross-species transmissions of
SIVs from apes to humans (64) and the necessity to follow SIVcpz
and SIVgor infection in their natural hosts to better understand
the pathogenicity of these HIV-1 progenitors (28, 29), our goal
was to develop an assay that can detect and quantify all viruses
from the HIV-1/SIVcpz/SIVgor clade. We showed here that our
test is able to detect and quantify SIVcpzPtt and SIVcpzPts viruses,

TABLE 5 (Continued)

Fecal sample Individual
Extraction
dateb

RT-PCR amplification after
multiple attempts on
various RNA extracts

RT-PCR amplification
on the given RNA
extract

Real-time RT-PCR
detection on the
given RNA extract “VL” if detected

CR3018 CPg-ID13 20080630 – – –
CR3403 CPg-ID30 20090304 Pos – Pos 1.65
CR3411 CPg-ID31 20090421 Pos – –
CR6631 CPg-ID37 – – –
CR6635 CPg-ID37 – – –
CR4763 CPg-ID38 20100402 Pos Pos –
CR5832 CPg-ID60 20100817 – – –
CR5816 CPg-ID65 20101019 – – –
CR6484 CPg-ID65 – – –
CR6534 CPg-ID66 Pos – –
CR6555 CPg-ID66 – – –
CR5810 CPg-ID67 20101019 – – –
CR6688 CPg-ID72 – – –
CR6090 CPg-mixed 20110124 Pos Pos Pos 1.66
CR6091 CPg-mixed 20110124 Pos Pos –
CR3795 DJg-ID1 20090304 Pos – –
CR4099b DJg-ID2 20091021 Pos – Pos 1.64
CR5265 DJg-ID3 20100402 – – Pos 1.66
CR4112 DJg-ID4 20090505 Pos – –
CR6259 DJg-IDx – – Pos 2.84
CR6278 DJg-IDx Pos Pos Pos 2.76
CR6279 DJg-IDx – – Pos 2.59

Total 15 4 13
a Fecal samples from chimpanzees and gorillas from Cameroon, positive in the HIV-1/-2 Innolia serological assay, were subjected to our new real-time RT-PCR test. For each
sample tested, the sample number is given with the identification of the corresponding individual (e.g., CPg-ID1, abbreviation of the collection site followed by a letter for the
species (g, gorilla; c, chimpanzee). Some samples were previously confirmed as SIV positive by conventional RT-PCR after multiple extraction and amplification attempts (the
result of 2 to 10 amplification attempts from 1 to 10 different RNA extracts). For each sample and for a given RNA extract, we performed a conventional RT-PCR in gp41 region
and a real-time RT-PCR with our new protocol. For information, values obtained with the real-time RT-PCR ranged between 1.63 and 2.84 log10 copies/ml. Pos, positive; �,
negative.
b Extraction date numerals indicate the year (YYYY), month (MM), and day (DD) as a single number: “YYYYMMDD.”
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which are highly divergent strains, in plasma samples from west-
ern and eastern central African chimpanzees, respectively. We
found that plasmatic SIVcpz viral loads in naturally infected
chimpanzees are in the range of HIV-1 viral loads in humans. The
test could also detect SIVgor viruses, precursors of HIV-1 group P
and probable ancestors of HIV-1 group O (27, 42, 65). The detec-
tion of SIVcpz and SIVgor RNA in fecal samples by this method
was possible and more efficient than with conventional specific
RT-PCR, showing this assay can be a good complement to con-
firm viral presence in seropositive fecal samples. However, it
seems that it cannot be used for SIV screening in fecal samples to
replace SIVcpz/SIVgor serological detection because of the nu-
merous false-negative results. By this method, we confirmed that
SIVcpz and SIVgor viral loads are very low in fecal samples. In
general, the viral loads retrieved from infected chimpanzee plasma
samples were higher than the ones obtained from fecal samples.
Interestingly, SIVcpzPtt viral loads from both plasma and fecal
samples could be tested for Ch-Go, and we found a �100-fold
difference between both compartments (Tables 4 and 5, first
rows). However, the sample availability was a limit here to analyze
in details this pattern on a panel of associated plasma and fecal
samples. Amplification of divergent variants such as SIVcpz and
SIVgor was not possible with the Biocentric technique due to nu-
merous mismatches with the probe and the primers, and we found
that SIVcpz quantification was suboptimal with Abbott RealTime
assay. Therefore, this real-time RT-PCR test is a new opportunity
to detect possible new emerging SIVs from apes to humans.

In conclusion, we developed a relatively low-cost real-time RT-
PCR assay able to detect and quantify all viral strains from the
HIV-1/SIVcpz/SIVgor clade, meaning that HIV-1 diversity is cov-
ered and that HIV-1 precursors can also be monitored. This new
test is thus a major step in the field of viral load quantification
since it could monitor any HIV-1 strains currently circulating in
humans but could also detect new emergences of SIVcpz/SIVgor
in humans. After this validation, an evaluation of this RT-qPCR
assay on reference panels and a larger panel of samples from a
broad range of variants is needed. Also, a parallel study in a re-
source-limited country would confirm its use in such settings.
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