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We compared the sensitivity and accuracy of the NucliSens assay and those of both the standard and mod-
ified (addition of a new primer set, primer mix 1, supplied by Roche) Amplicor HIV Monitor assays to quantify
human immunodeficiency virus type 1 (HIV-1) RNA in persons infected with HIV-1 subtype A in Abidjan, Côte
d’Ivoire. Seventy-one plasma samples from HIV-1-seropositive persons at different stages of HIV infection and
15 samples from HIV antibody-negative persons were analyzed. The HIV-1 genetic subtype was determined
either by DNA sequencing or by a restriction fragment length polymorphism assay. Of the 71 samples, 70 (98%)
were subtype A and 1 was subtype G. Of the 70 subtype A samples, the proportion of RNA-positive plasma
samples and mean HIV-1 RNA levels were significantly higher by the modified HIV Monitor assay (n 5 67
[96%]; mean RNA levels, 5.2 log10 HIV-1 RNA copies/ml) than the NucliSens assay (n 5 56 [80%]; 4.3 log10
HIV-1 RNA copies/ml) or the standard HIV Monitor assay (n 5 44 [63%]; mean RNA levels, 3.8 log10 HIV-1
RNA copies/ml) (all P values were <0.05). The HIV-1 RNA levels by the modified HIV Monitor assay correlated
significantly with those by the NucliSens assay (r 5 0.76; P < 0.001) and the standard HIV Monitor assay (r 5
0.57; P < 0.001), as did the RNA levels by the NucliSens and the standard HIV Monitor assays (r 5 0.60; P <
0.001). Lower CD4 cell counts were significantly correlated with higher HIV-1 RNA levels by all three assays
(r 5 20.47 for the NucliSens assay, 20.45 for the standard HIV Monitor assay, and 20.62 for the modified HIV
Monitor assay). These results indicate that the modified HIV Monitor assay has the highest sensitivity and
efficiency at quantifying the levels of RNA in persons infected with HIV-1 subtype A and thus constitutes a val-
uable tool for the monitoring of RNA levels in areas of Africa were HIV-1 subtype A is predominant.

The development of commercial nucleic acid-based assays
for the quantification of human immunodeficiency virus type 1
(HIV-1) RNA represents a major advance in the clinical man-
agement and follow-up of persons with HIV infection. These
assays, which are based on reverse transcriptase PCR, nucleic
acid sequence-based amplification (NASBA), or the branched
DNA technique, were developed and validated with persons
infected with HIV-1 subtype B, the predominant HIV-1 sub-
type in North America and Europe. In several comparative
evaluations, the three commercially available nucleic acid-
based techniques have proven to be efficient for the quantifi-
cation of the HIV-1 RNA load in persons infected with HIV-1
subtype B viruses and are routinely used in clinical practice (2,
3, 4, 6, 10–13). However, the high degree of sequence diversity
that characterizes the HIV-1 subtypes may impair the sensitiv-
ity of currently available nucleic acid-based assays. To date,
limited data exist regarding the sensitivities and accuracies of
these assays for the detection of other known subtypes of HIV
group M (subtypes A to J) or HIV-1 group O. One study in-
dicates that the detection of HIV-1 subtype A, the predomi-

nant subtype in Africa (8), is particularly difficult, particularly
by the Roche Amplicor HIV-1 Monitor and NASBA assays
(1). The poor sensitivities of these assays for the detection of
HIV-1 subtype A limits their clinical application in studies of
natural history, pathogenesis, and antiretroviral drug and ther-
apeutic vaccine trials in areas where this subtype predomi-
nates. Recently, the Amplicor HIV-1 Monitor test has been
modified in an effort to improve its sensitivity for the quanti-
fication of non-B subtypes of HIV-1, and a newer version of
the NASBA assay, the NucliSens assay, has been produced. In
this study, we assessed the sensitivities and accuracies of the
standard and modified versions of the Amplicor HIV-1 Mon-
itor and the NucliSens assays for the quantification of the
HIV-1 RNA viral load in persons infected with HIV-1 subtype
A in Abidjan, Côte d’Ivoire.

MATERIALS AND METHODS

Patient population. A total of 86 plasma samples were tested in this study,
including 71 samples obtained from HIV-1-seropositive individuals (47 tubercu-
losis patients, 17 commercial sex workers, and 7 pregnant women) and 15 sam-
ples obtained from HIV antibody-negative commercial sex workers. Whole blood
was drawn from these individuals into VACUTAINER CPT tubes (Becton
Dickinson, Rutherford, N.J.) containing sodium citrate gel and density gradient
media. Plasma was separated from cells within 6 h of the time of collection by
centrifugation at 200 3 g prior to aliquoting and storage at 270°C. HIV antibody
status was determined by enzyme-linked immunosorbent assay testing and was
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confirmed by either Western blotting or line immunoassays. CD4 lymphocyte cell
counts were enumerated by standard flow cytometry with a FACScan flow cy-
tometer (Becton Dickinson, San Jose, Calif.) and commercially available mono-
clonal antibodies (Becton Dickinson, San Jose, Calif.). HIV-1 subtyping was
determined either by DNA sequencing of the C2V3 region of the env gene as
described previously or by a restriction fragment length polymorphism assay that
is based on the protease gene (5).

HIV-1 RNA assays. HIV-1 RNA levels in plasma were quantified by the
NucliSens assay (Organon Teknika, Boxtel, The Netherlands) and by both the
standard (hereinafter referred to as the standard HIV Monitor test) and modi-
fied (hereinafter referred to as the modified HIV Monitor test) Amplicor HIV-1
Monitor tests (Roche Diagnostic Systems, Branchburg, N.J.). The modification
of the HIV Monitor test consists of 20 ml of a new primer set (SK145 and SK151
[primer mix 1], provided by Roche Diagnostics) that is added to the master
mixture prior to amplification. For all assays, HIV-1 RNA extraction, amplifi-
cation, and detection were performed according to the manufacturer’s instruc-
tions. The internal controls for the NucliSens assay consisted of three synthetic
RNAs (Qa, Qb, and Qc) of known high, medium, and low concentrations,
respectively. These RNAs serve as internal calibrators, each differing from the
HIV-1 wild-type RNA by only a small sequence. The HIV Monitor assay uses
three internal controls provided by the manufacturer, including a negative and
low- and high-positive controls, respectively.

Analysis of data. All RNA-negative samples were assigned a viral load value
equal to the detection limits of the assay: 400 HIV-1 RNA copies/ml (log10 2.6
RNA copies/ml) for the NucliSens assay and 200 copies/ml (log10 2.3 RNA
copies/ml) for the HIV Monitor test. All HIV-1 RNA copy numbers were log
transformed before statistical analysis. However, the absolute numbers of HIV-1
RNA copies per milliliter were used to calculate coefficients of variations. HIV
serologic status was used as a “gold standard” for defining the sensitivities and
specificities of the assays. Comparison of the means were carried out by the
paired Student t test, and correlation was assessed with the Spearman rank
correlation coefficient. Statistical analyses were carried out with EPIINFO, ver-
sion 6 (Centers for Disease Control and Prevention, Atlanta, Ga.).

RESULTS

Sensitivities and specificities of the quantitative assays for
RNA. Of the 71 HIV-1-positive samples, 70 (98%) were sub-
type A and 1 was subtype G. Among the 70 subtype A samples,
a higher proportion of samples were RNA positive by the
modified HIV Monitor test (n 5 67 [96%]) than by the Nu-
cliSens assay (n 5 56 [80%]) and the standard HIV Monitor
assay (44 [63%]) (all P values were ,0.05). The three samples
that were not detected by the modified HIV Monitor assay
were also missed by both the standard HIV Monitor and the
NucliSens assays. Of the samples that were positive by the
corresponding assays, the mean viral load was significantly
higher by the modified HIV Monitor assay than by the Nu-
cliSens assay (n 5 56; 5.1 versus 4.3 log10 HIV-1 RNA copies/
ml; P , 0.001) and the standard HIV Monitor assay (n 5 44;
5.2 versus 3.8 log10 HIV-1 RNA copies/ml; P , 0.001). Of the
42 samples that were positive by the NucliSens and standard
Amplicor Monitor assays, the mean viral load was significantly
higher by the NucliSens assay than by the standard Monitor
HIV assay (4.5 versus 3.8 log10 HIV-1 RNA copies/ml; P ,
0.001). In the one subtype G-positive plasma sample, viral
RNA levels were 3.9, 4.0, and 5.5 log10 copies/ml by the stan-
dard and modified HIV Monitor assays and the NucliSens
assay, respectively.

The plasma HIV RNA levels obtained by the modified HIV
Monitor assays correlated significantly with those obtained by
the NucliSens assays (r 5 0.76; P , 0.001) (Fig. 1A) and the
standard HIV Monitor assay (r 5 0.57; P , 0.001) (Fig. 1B);
similarly, a significant correlation was observed between the
RNA levels obtained by the NucliSens assay and the standard
HIV Monitor assay (r 5 0.60; P , 0.001) (Fig. 1C).

Viral RNA load and CD4 lymphocyte counts. To assess the
relationship between the level of immunosuppression and
HIV-1 RNA levels as measured by the NucliSens and the HIV
Monitor assays, a subset of 47 persons for whom CD4 counts
were available were analyzed. The median CD4 cell counts in
these persons was 482 cells/mm3 (range, 36 to 1,390 cell/mm3).

For all three assays, we observed a similar and significant in-
verse correlation between decreasing CD4 cell counts and in-
creasing HIV-1 RNA levels (r 5 20.47 for NucliSens assay,
20.45 for standard HIV Monitor assay, and 20.62 for the
modified HIV Monitor assay (all P values were ,0.005) (Fig.
2).

Reproducibility and specificity. Because the standard HIV
Monitor assay had the lowest sensitivity, the reproducibilities
and specificities of only the NucliSens and modified HIV Mon-
itor assays were assessed. The reproducibility included the

FIG. 1. Correlation between plasma HIV-1 subtype A RNA levels obtained
by the modified HIV Monitor, NucliSens, and standard HIV Monitor assays. The
diagonal lines indicate the calculated linear regression curves (solid lines) and
the 95% confidence limits (dashed lines) for the assays. The vertical and hori-
zontal solid lines represent the detection limits of the assays.
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variation introduced by all steps of assay performance, includ-
ing sample preparation, reverse transcription, amplification,
and detection of PCR products. Reproducibility was deter-
mined in 10 different runs of the HIV Monitor assay by using
one specimen whose RNA level (2,159 copies/ml) was known
from the first test. In the 10 repeat runs, RNA levels in the
specimen ranged from 1,548 to 3,602 copies/ml (mean 6 stan-
dard deviation, 2,406 6 674 copies/ml), resulting in a coeffi-
cient of variation of 28%. Similarly, for the NucliSens assay,
one plasma specimen with initial RNA levels of 8,700 cop-

ies/ml was tested in 10 runs; RNA levels for this positive sam-
ple ranged from 8,400 to 14,000 copies/ml (mean 6 standard
deviation, 10,983 6 2,603 copies/ml), with a coefficient of vari-
ation of 24%. The specificities of the modified HIV Monitor
and NucliSens assays were assessed by testing 15 HIV-antibody
negative samples, all of which gave negative results.

DISCUSSION

The field evaluation described here included a large panel of
HIV-1 subtype A samples, the predominant HIV-1 subtype in
Africa, and indicates that the modified HIV Monitor assay
has a significantly higher sensitivity (96%) than the standard
HIV monitor and NucliSens assays for the quantification of
virus RNA levels in these samples. The sensitivities that we
observed for the standard HIV Monitor (63%) and Nu-
cliSens (80%) assays were relatively higher than those re-
ported previously for these assays (44 and 56%, respec-
tively) by Alaeus and colleagues (1). This higher sensitivity
may be explained by the fact that more than half of our study
population were tuberculosis-positive HIV-1-infected per-
sons, and thus, they had high viral RNA loads, whereas in
the previously reported study of 27 persons infected with
subtype A, most subjects either were asymptomatic or were
undergoing antiretroviral therapy (1).

In addition to the sensitivity, the accuracy of RNA assays is
critical. Because no gold standard for HIV-1 RNA quantifica-
tion is currently available, the assessment of accuracy is diffi-
cult. However, several observations suggest that both the Nu-
cliSens and the modified HIV Monitor assays can accurately
quantify RNA levels in HIV-1 subtype A-infected persons.
First, both assays showed similar and significant inverse rela-
tionships between viral load and CD4 counts (Fig. 2), which is
consistent with what has been reported for persons with HIV-1
subtype B infection (2, 3, 6, 7, 9, 11–13). Second, the RNA
levels obtained by both the HIV Monitor and the NucliSens
assays were significantly correlated. Lastly, although only a
limited number of HIV-negative plasma samples were tested,
the specificities of the assays were high (100%), and the high
reproducibility observed was within the range reported for
other viral RNA load assays. For instance, our observed
coefficients of variation of 24 and 28% for the NucliSens
and the modified HIV Monitor assays, respectively, are con-
sistent with previously reported values, which ranged from
10 to 50% for the standard HIV Monitor assay, 20 to 30%
for the branched DNA assay, and 15 to 60% for the NASBA
test (2, 3, 6, 11–13).

An important question for investigators carrying out HIV-
related laboratory research in Africa is the choice of the
most sensitive and accurate assays for quantifying the viral
RNA loads in the plasma of persons infected with the non-
subtype B HIV-1 subtypes. A number of factors must be
considered in addressing this question. Although sensitiv-
ity, specificity, and reproducibility are the most critical pa-
rameters, minimum sample volume, commercial availability,
cost, ease of performance, shelf life, potential for contami-
nation, turnaround time, and the need for refrigeration of
reagents during shipping must also be taken into account.
None of the available commercial assays satisfy all the con-
siderations outlined above; however, each assay has its
strengths and limitations. Both the NucliSens and HIV
Monitor assays have the same ease of performance, use
small samples volumes (100 to 200 ml), and have similar
turnaround times (5 to 6 h) and high costs (US$ 50 to 60 per
sample). Some strengths of the modified HIV Monitor assay
include its higher sensitivity and low detection limit of 200

FIG. 2. Correlation between CD41 lymphocyte counts and plasma HIV-1
RNA levels. Linear regression curves (solid lines) with 95% confidence limits
(dashed lines) are indicated.
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HIV-1 RNA copies/ml. Furthermore, the assay incorporates
dUTP and uracil-N-glycosylase to prevent carryover con-
tamination (contamination can easily be achieved by the
NucliSens assay, given the numerous openings and closings
of the tubes involved in the procedure), can be run on
standard PCR and enzyme-linked immunosorbent assay
equipment, and does not require refrigeration of reagents
during shipment. The NucliSens assay has the advantage
that it can be used with serum specimens as well as plasma
samples collected on heparin (which is inhibitory to the HIV
Monitor test), but some of its reagents require refrigeration
during shipment, and its performance necessitates specialized
instrumentation.

A possible limitation of our study is that the HIV-1 subtype
designations that we used do not exclude the possibility for the
occurrence of recombinant viruses, since the subtypes were
based on either the env C2V3 region or the protease gene (for
the restriction fragment length polymorphism assay), which are
different from the gag region used in both the HIV Monitor
and NucliSens assays. However, the proportion of recombinant
HIV-1 is likely to be very low in Côte d’Ivoire; we have shown
previously that more than 95% of HIV-1 infections are caused
by subtype A viruses (5, 8).

In summary, we have shown that compared with the Nu-
cliSens and standard HIV Monitor tests, the modified HIV
Monitor test has a significantly higher sensitivity for the quan-
tification of HIV-1 RNA levels in persons infected with HIV-1
subtype A, thereby constituting a valuable tool for the moni-
toring of HIV-1 RNA levels in areas of Africa were HIV-1
subtype A is predominant. Similar comprehensive evaluations
are needed from other parts of Africa where HIV-1 subtypes C
and D predominates.
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