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Summary: Five methods for the assessment of plasma viral load (VL) were evaluated
in 103 seropositive patients infected with various subtypes of HIV-1. The methods
included three RNA-based assays (Amplicor Monitor 1.5, Quantiplex version 2.0,
NucliSens), one ultrasensitive reverse transcriptase (PERT) assay and one “boosted”
p24 antigen (Ag) enzyme immunoassay (EIA). Subtyping was based on sequencing in
env. The sensitivities were, in decreasing order, Amplicor > PERT > p24 Ag >
NucliSens > Quantiplex. The low sensitivity of NucliSens was related to the missing
of several non-B (A, E, F, G) or recombinant strains, whereas that of Quantiplex did
not depend on subtype. In the 1 group O sample and 4 group M samples, only PERT
assay or p24Ag EIA produced a positive result. In the quantitative range, correlation
was best between Amplicor and Quantiplex<(r0.8848), fair between Amplicor and
NucliSens (r= 0.7064) or PERT assay & 0.7266), lowest between Amplicor and
p24Ag EIA (r = 0.3989). Amplicor underestimated VL in 1 subtype E sample. Thus,
Amplicor performed best in terms of sensitivity (compared with all other assays) and
accuracy (compared with NucliSens, PERT assay, and p24Ag) for non-B subtypes in
group M samples. PERT assay appears useful for VL assessment in infections by group
O or other highly divergent viruseXey Words: HIV-1 subtypes—Viral load—
Amplicor—Quantiplex—NucliSens—PERT assay—p24 antigen.

Accurate viral load (VL) determination is of prime with the NASBA HIV-1 RNA QT assay (Organon
importance in the management of HIV infection. Even Teknika, Turnhout, Belgium) for subtypes A, E, G, and
so, amplification techniques used to measure VL in H (5-7). Even a branched-DNA technique, Quantiplex
plasma, at least in their original version, often missed HIV-1 RNA version 2.0 (Chiron Diagnostics AG, Diet-
HIV-1 RNA or underestimated its concentration in pa- likon, Switzerland), long thought to correctly quantify
tients infected with non-B subtypes of HIV-1 (1). This RNA from all subtypes of group M owing to the use of
has been the case with version 1.0 of the Amplicor >40 probes spread over 2590 nucleotides of the con-
HIV-1 Monitor assay (Roche Diagnostics, Rotkreuz, servedpol gene (8), has recently been shown to have
Switzerland) for subtypes A, E, F, G and H (2-5) and missed RNA of a multirecombinant strain (9). Here, we
have evaluated the performance of newer versions of the
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1999. and that of a “boosted” p24 antigen (Ag) enzyme immu-
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noassay (EIA), in 103 study subjects suspected to be % inhibition=

infected with non-B subtypes of HIV-1. 100 [1- actiVity(sampler rm) ~ ACtVitY(sample
activity pgs+ grm) ~ activityppg
MATERIALS AND METHODS Activities were corrected for inhibition if they were at least four

times higher than that of the PBS control and inhibition did not exceed
95%. Otherwise, specimens were scored as failures. The cutoff of this

Patients and Samples modified assay for positivity was 22 nU/ml of recombinant HIV-1 RT.
In this study, 103 HIV-1-seropositive subjects presumed to have w . .
acquired HIV infection in areas of the world (sub-Saharan Africa or Boosted p24 Antigen (p24 Ag)
Thailand) where non-B subtypes predominate were recruited from the Enzyme Immunoassay
Swiss HIV Cohort Study centers. This selection included both un-
treated § = 31) and treatedn( = 72) patients. Immune complexes were first dissociated by heat denaturation. Next,

Plasma, prepared from ethylenediaminetetraacetic acid (EDTA)- p24 Ag was quantified using an HIV-1 p24 EIA and a tyramide-based
anticoagulated blood and frozen at -80°C within 6 hours of collection, signal amplification technique as described by Nadal et al (15). Briefly,
was used for HIV-1 RNA determination by three techniques and for the 100 pl plasma was diluted with 50Q.1 0.5% Triton X-100 in 1.5-ml
PERT assay. A second tube of EDTA-anticoagulated blood was used to Eppendorf tubes, denatured by heating at 100°C for 5 minutes on a
separate peripheral blood mononuclear cells (PBMC, for subtyping) Techne (Cambridge, U.K.) dry heat block and tested in duplicate with
from plasma (for p24 Ag determination) by centrifugation on a Ficoll- the NEN/DuPont HIV-1 Core Profile enzyme-linked immunosorbent
Hypaque density gradient within 24 hours of collection. assay (ELISA) in combination with the ELAST ELISA amplification

system (both purchased from NEN Life Science Products, Geneva,
Switzerland). The cutoff level for positivity in diagnostic testing was
HIV-1 RNA Assays determined for each assay plate by calculating the mean absorbance of
8 HIV-1-negative controls run on the same plate plus five standard
deviations (SD). For quantification, a cutoff corresponding to the mean
plus three SD was used. Absorbance was read using a Dynatech
MR5000 ELISA reader (Microtech Produkte, Embrach, Switzerland).

HIV-1 RNA levels were determined by reverse transcription—
polymerase chain reaction (RT-PCR, Amplicor HIV-1 Monitor version
1.5, Roche Diagnostics) (3,10), branched DNA (bDNA) signal ampli- ; - . o . . o
fication assay (Quantiplex HIV-1 RNA version 2.0, Chiron Diagnostics Antlgen was quantified W'th a k|n§t|c a‘naly5|s using the Quantl—Kl_n
AG) (8), and transcription-based RNA amplification (NucliSens HIV-1 Detection Sy;tgm .(DL.3’ Diagnostica Ligure stl, Genoa, Italy_). This
RNA QT, Organon Teknika AG, Pfakon, Switzerland) (11). In the a_IIowed quantlflt_:atllon in a range frob00 to 6,250,000 fg/ml with a
conditions used, the lower detection level as stated by the manufacturersmgle sample dilution.
ranged generally between 100 and 400 copies/ml (Amplicor and Nu-
cliSens), whereas that of Quantiplex was constant at 500 copies/ml. Subtyping

A few samples with undetectable RNA by the standard Amplicor
assay were reanalyzed using a supersensitive version of the assay (ver-
sion 1.5) and 1.0 ml of plasma (12). The lower detection limit W&8
copies/ml.

DNA was extracted from peripheral blood mononuclear cells

(PBMC) and a 0.7-kb amplicon including regions V3-V5 of gp 2

was produced by nested PCR using primers ED5/ED12 and ES7/ES8

(16). This amplicon was sequenced and subtyped as described (17).

Possible virus recombinants were detected by the HIV-1 subtyping tool

of the National Center for Biotechnology Information (NCBI,

Bethesda, MD, U.S.A). PBMC from 1 asymptomatic Cameroonian
The product-enhanced reverse transcriptase (PERT) assay was perpatient, with a blood CD4T-cell level of 327 cellgil, was negative for

formed as previously described (13,14), with some modifications. proviral DNA by PCR for subtyping. This patient was suspected to

Briefly, thawed plasma was diluted fivefold with phosphate-buffered have been infected with a subtype O strain on the basis of serology

saline (PBS), filtered through 0,2m filters after which 1 ml was used (HIV-1 Western blot, faint gp160 and gp4&hvbands but strongag

for virus sedimentation with 20,000gxat 4°C for 60 minutes in a [p24, p55] andpol [p32, p51, p66] bands; indeterminate HIV-2 West-

microfuge. The pellet was resuspended ini3®BS. The RT reaction ern blot withgagandpol, but noenvbands) and absence of detectable

was carried out in duplicate with 1l resuspended virus in a total plasma HIV-1 RNA (Amplicor). On coculture of her PBMC, high

reaction volume of 3Qul at 37°C for 90 minutes. After heat inactivation PERT values but no HIV-1 RNA were measured in the supernatant.

of the enzyme, template RNA was degraded by RNase A digestion (400 The RUS5 region of the viral RNA was amplified from culture super-

ng) at 45°C for 45 minutes. Subsequent amplification for 40 cycles in natant using a procedure developed for the identification of unknown

a total reaction volume of 5pl was performed on a ABI7700 Se- retroviruses and the product was identified as representing subtype O

quence Detector (Perkin Elmer Biosystems, Norwalk, CT, U.S.A.) us- by sequencing (18).

ing a FAM-labeled TagMan probe (FAM:8ECGAGACGCTAC-

CATGGCTATCGCT-3-TAMRA). For quantitation of RT, a dilution

series of recombinant HIV-1 RT (Roche Molecular Biochemicals, RESULTS

Rotkreuz, Switzerland) was used to generate an external standard

curve. Anti-RT antibody-dependent inhibition of the assay was as- . . . .

sessed by testing each sample a second time in the presence of 50 Polymerase chain reaction for subtyping, performed in

pU/ml of recombinant HIV-1 RT. Inhibition was calculated as follows: 100 study subjects, was successful in 92. Of these, 34

Ultrasensitive Reverse Transcriptase Assay
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were found to be infected with subtype A, 16 with B, 12 (Amplicor) and included 2 with subtype B strains (Fig.
with C, 7 with D, 10 with E, 1 with F, and 1 with G. In  1C). These 2 subtype B strains were detected by p24 Ag
the remaining 11, the amplifiednv sequence showed EIA. Specimens missed by the p24 Ag EIA all contained
evidence for intersubtype recombination A/ICH#\£€ 4), <40,000 copies/ml (Amplicor), with only non-B sub-
and 1 case each of A/E/A, C/A, BIF, G/IEIG, HIAIH, types represented in the range between 1000 and 40,000
H/C/H, and predominantly F). In addition, 1 patient was copies/ml (Fig. D).
found to be infected with a strain belonging to group O  Among 14 samples with low copy levels (<400 copies/
as detailed in Materials and Methods. ml) in the Amplicor assay, a few were reactive in either
The sensitivity of the assays is shown in Table 1. Only the PERT assay or the p24 Ag EIA (FigChnd D). In
those specimensi(= 83) that could be tested with all  addition, 2 group M specimens (1 subtype A, 1 with an
five assays were considered; of the remaining 20 undetermined subtype in a Thai patient) were reactive in
samples, 11 failed in the PERT assay and 9 had insuffi- the PERT assay but tested negative by all other tech-
cient volume. VL was undetectable by any method in 28 niques (Fig. ). Similarly, 3 group M specimens (2
specimens, as a result of efficient antiretroviral treat- subtype A, 1 H/A/H) were reactive in the p24 Ag EIA
ment. Results with the remaining samples demonstratedonly (Fig. 1D). These 5 samples were retested using a
considerable differences in the sensitivity of the five as- supersensitive version of Amplicor 1.5. The results were
says (Table 1). Stratifying the results according to treat- as follows: 61 copies/ml, and RNA present but in
ment status produced little change in the relative sensi- concentrations <10 copies/ml in the 2 PERT-positive
tivity of the assays (Table 1). No HIV RNA was detect- samples, respectively; 35 copies/ml, no RNA detectable,
able in the group O sample by any of the three methods, and 26 copies/ml in the 3 p24 Ag—positive samples, re-
but a positive signal was measured by both PERT assayspectively.
and p24 Ag EIA (Fig. 1). Spearman correlation coefficients between VL values
Samples positive by Amplicor but negative by Quan- in the quantitation range of each method are depicted in
tiplex all contained <8000 copies/ml according to Am- Figure 1. The correlation was best between Quantiplex
plicor, and included 4 with >400 copies/ml, which be- and Amplicor (r = 0.8848;p < .0001). However, VL
longed to subtype B (Fig. A). In contrast, several values measured by Quantiplex were on the average 0.75
samples positive by Amplicor but negative by NucliSens log,, lower than that measured by Amplicor. The corre-
contained high VL according to Amplicor (FigBL All lation was fair between NucliSens & 0.7064;p <
NucliSens-negative samples with >400 copies/ml (Am- .0001) and Amplicor, as well as between PERT assay (r
plicor) and known sequence contained viruses that be- = 0.7266;p < .0001) and Amplicor. It was lowest be-
longed to non-B subtypes (A, E, F, G) or were recom- tween p24 Ag EIA and Amplicor (r= 0.3989;p =
binant inenv (A/C/A, B/F, G/E/G) (Fig. B). Samples .024).
missed by the PERT assay all contained <4000 copies/ml In the Quantiplex versus Amplicor plot (FigA}, 1

TABLE 1. Sensitivity of five different assays in the detection of HIV-1 in the plasma of 83 patients

No. of samples testing positive

Subtype Total no. of samples  Amplicor 1.5 Quantiplex 2.0 NucliSens PERT Boosted p24 Ag EIA
A 25 19 10 10 16 15
B 15 9 2 7 5 5
C 8 6 3 3 4 3
D 3 2 1 2 1 0
E 10 6 3 4 5 3
F 1 1 0 0 1 0
G 1 1 1 0 1 1
Recombinant 10 6 5 3 6 7
(0] 1 0 0 0 1 1
Unknown 9 5 1 1 3 3
83 55 26 30 43 38
(66.3%) (31.3%) (36.1%) (51.8%) (45.8%)
Not treated if = 25)b 84.0% 56.0% 60.0% 84.0% 68.0%
Treated ( = 58)° 56.9% 20.7% 25.9% 37.9% 36.2%

#Includes only samples for which results by all five methods are available. Very similar results were obtained when samples with missing data were
included (Amplicor (Roche), 66.3%; Quantiplex (Chiron), 33.7%; NucliSens (Organon Teknika), 37.5%; PERT assay, 50.0%; p24 Ag EIA, 43.1%).
® Antiretroviral treatment.
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FIG. 1. Comparison between viral load (VL) measurement methods by scatter plotting, using all available results for 103 patients. (A)
Quantiplex 2.0 assay versus Amplicor 1.5 assay. (B) NucliSens assay versus Amplicor 1.5 assay. (C) Product-enhanced reverse
transcriptase (PERT) assay versus Amplicor 1.5 assay. (D) p24 Antigen (Ag) enzyme immunoassay (EIA) versus Amplicor 1.5 assay. An
arbitrary value of 100 copies/ml (RNA assays), 5 nU/ml (PERT assay), or 0.05 pg/ml (p24 Ag EIA) has been attributed to all samples with
VL below the lower detection level (dashed line, number of samples indicated in the corresponding quadrant). An arbitrary value of 200
copies/ml (Amplicor and NucliSens assays) has been attributed to all samples with detectable RNA but VL below the lower quantitation
limit (dotted line, number of samples indicated in the corresponding quadrant). r, Spearman correlation coefficients between values in the
guantitative range; R, recombinant subtype; U, subtype unknown.

specimen subtyped as E was obviously distinct, that is, with the newgag primers SK145 and SKCC1B, proved
VL as determined by Amplicor was 1.20 Igglower to be the most sensitive assay in this study in which
than that expected from the linear regression curve, tak- samples containing subtypes A, C, E, and recombinant
ing VL by Quantiplex as a reference. This sample was viruses predominated. This differs from findings ob-
positive in the PERT assay (133 nU/ml), but was not tained using previous versions (1.0, 1.0+) of Amplicor
detected by NucliSens and the Ag p24 EIA. (2-4,10).

In contrast, Quantiplex (version 2.0) and NucliSens
had the lowest sensitivity, but for different reasons. With
Quantiplex, the failure was not related to subtype but
reflected the low intrinsic (i.e., irrespective of the num-

Of 103 HIV-1-seropositive study subjects investi- ber of copies indicated by the manufacturer) sensitivity
gated here, 72 were receiving antiretroviral therapy. This of the assay. This conclusion is supported by a similar
explains the relatively low percentage of specimens with observation we made in a previous unpublished compatri-
detectable viral RNA. Amplicor version 1.5, equipped son of Quantiplex version 2.0 and Amplicor version

DISCUSSION
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1.0+, using samples from subjects likely to be infected with highly divergent HIV-1 strains, such as those con-
with subtype B. Indeed, of 88 samples with VL levels stituting groups O or N. One weakness of the PERT
ranging from 400 to 6000 copies/ml according to Am- assay as performed here lay in its failure to quantify
plicor, 62 were found to have <500 copies/ml according RT activity in the presence of high titers of enzyme-
to Quantiplex (data not shown). It should be mentioned inhibiting antibodies (11% of the samples in the present
here that a new 10-times-more-sensitive version (3.0) of study). In addition, the PERT assay missed 6 samples
the Quantiplex assay has become available since comple-containing various group M subtypes, including 2 with
tion of this study. Results obtained using this new ver- subtype B, that had VL >400 copies/ml according to
sion have been reported to match closely those obtainedAmplicor. This may reflect loss of viral particles from
using Amplicor (19). With NucliSens, low sensitivity the pellet after centrifugation. There are other possible
resulted predominantly from the lack of detection of explanations, however. Several patients were receiving
RNA in several samples containing subtype A, E (actu- antiretroviral treatment. About 24% of patients with
ally a recombinant subtype with A sequence in the tar- treatment failure are known to be resistant to nucleosidic
getedgagregion [20]), and G viruses, in accordance with RT inhibitors but not to protease inhibitors (27). In such
previous reports (5,21). Interestingly, HIV RNA detec- patients, protease inhibitors may have hampered cleav-
tion and quantification were achieved in other samples age of thegag-polprecursor, leading to low activity of
also containing subtype A and E viruses, probably as the the unprocessed RT as measured by PERT assay (28).
result of critical sequence variation in the NucliSens Alternatively, inhibition of the processing of tlgagpre-
primer binding sites within a given subtype (22). cursor may have produced viral particles resistant to Tri-
A close correlation existed between VL values by ton X-100 disruption in the assay (29). In patients treated
Quantiplex and those by Amplicor, even though the with nonnucleoside RT inhibitors, enough drug may
former were 5.6 times lower than the latter. Again, this have remained bound to the enzyme to inhibit its activity
appeared not to be related to HIV-1 subtypes, but mainly in vitro. In addition to the group O sample, the PERT
to the different calibration of the two kits (23,24). In- assay may have uncovered 2 cases of infection by group
deed, in a preliminary comparison using 55 samples M strains that were negative by the standard Amplicor as
likely to contain subtype B strains, we observed that well as by all other assays. However, a supersensitive
Quantiplex 2.0 produced VL values 3.0 times lower than version of Amplicor detected low levels of HIV RNA in
that obtained using Amplicor 1.5 (data not shown). Such those 2 samples. This may represent further cases of VL
discrepancies, also reported by other investigators (6,24—underestimation with non-B subtypes. Alternatively, the
26) emphasize the need to always use the same assay foiew virions in these samples may have contained unusu-

the follow-up of a given patient. Of all samples in the
guantifiable range by both Amplicor and Quantiplex (
= 30), only 1 subtype E specimen, also quantifiable by
PERT but not by NucliSens, showed evidence of VL
underestimation by Amplicor 1.5. This finding stresses
that underestimation of VL with the latest version of
Amplicor in samples containing non-B viruses exists
(26), even though it seems to be rare (10).

Correlation between VL values by NucliSens and
those by Amplicor was not as high as that found in the
Quantiplex versus Amplicor comparison. This reflected,
at least in part, underestimation of VL by NucliSens in
some cases of infection by subtype A or E.

ally high levels of RT (30).

The “boosted” p24 Ag EIA was more sensitive than
either Quantiplex or NucliSens and was even able to
detect antigenemia in the group O sample. A low level of
antigenemia was also found in 3 group M samples with
otherwise undetectable VL by standard techniques. Two
of them, however, contained low levels of RNA as as-
sessed by the supersensitive version of Amplicor. This
discrepancy between p24 Ag and RNA measurement
may result from the fact that plasma often contains a
large excess (4—-60 times [sometimes more], finding
based on data from Piatak et al. [31]) of nonviral p24,
either free or as immune complexes, over p24 as present

The PERT assay was the second-best method as far ain the viral capsid.

sensitivity is concerned. Because it does not rely on HIV

RNA sequence, its performance was expected to be in-

Correlation between p24 antigenemia and RNA levels
by Amplicor was low. This could reflect the excess of

dependent from subtype. This was indeed the case, asmonviral over viral p24 Ag in plasma, as mentioned ear-

shown with the group O sample, in which VL was un-

detectable by any of three RNA-based assays. In addi-

tion, correlation between RT activities by PERT assay
and RNA levels by Amplicor was fair. Thus, PERT ap-
pears to be suitable for the follow-up of patients infected

lier. However, this ratio seems to be fairly constant in
individual patients, as suggested by our observation that
the time course of p24 Ag and HIV RNA under antiret-
roviral treatment are very similar (13,15,32). In addition,
p24 antigenemia may have been underestimated in some

JAIDS Journal of Acquired Immune Deficiency Syndromes, Vol. 23, No. 2, February 1, 2000
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cases of non-B subtype infection if several non-B epit-
opes of p24 are poorly recognized by antibodies used in
the assay (33). 5
In conclusion, Amplicor 1.5 performed best in detect-
ing and quantifying viral RNA in cases of infection by
non-B subtypes of HIV-1 group M. There was evidence
of underestimation of VL in a single case of subtype E
infection. Quantiplex 2.0 had a low sensitivity irrespec-
tive of subtype, but accurately quantified RNA from all
group M samples with concentrations above 8000 cop-
ies/ml (Amplicor values). In contrast, NucliSens was
characterized by a low sensitivity or accuracy toward
some strains of subtypes A, E, F, G, or recombinant
subtypes. The PERT assay could substitute to the RNA-
based quantitative assays in cases of infection by group

O and other highly divergent strains. The PERT assay 10.

and the “boosted” p24 Ag EIA may occasionally dem-
onstrate the presence of viral proteins in the plasma of

patients infected by non-B subtypes, when very low lev- 11.

els of HIV RNA are not detected by standard assays.

12.

APPENDIX

The members of the Swiss HIV Cohort Study are M. Battegay 13
(Chairman of the Scientific Board), E. Bernasconi, Prdisser, M.
Egger, P. Erb, W. Fierz, M. Flepp (Chairman of the Group “Clinics”),
P. Francioli (President of the SHCS, Centre Hospitalier Universitaire

Vaudois, CH-1011-Lausanne), H.J. Furrer, P. Grob, B. Hirschel, B. 14.

Ledergerber, L. Matter (Chairman of the Group “Laboratories”), A.
Meynard, M. Opravil, F. Paccaud, G. Pantaleo, L. Perrin, W. Pichler,
J.-C. Piffaretti, M. Rickenbach (Head of Coordination and Data Cen-
ter), C. Rudin, P. Sudre, J. Sgthach, A. Telenti, P. Vernazza, and R.
Weber.
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