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A B S T R A C T

Fourth-generation HIV immunoassays have been developed to reduce the window period of detection during
seroconversion period, allowing for the detection of early and established infections. The aim of this work was to
evaluate a newly developed assay, Access HIV Ag/Ab combo on the novel high throughput DxI 9000 Access
Immunoassay Analyzer (Beckman Coulter, Inc.). The assay allows for simultaneous qualitative detection and
differentiation of HIV-1 p24 antigen and HIV-1/2 antibodies.

Assay performance was compared to two gold standard assays, the Abbott Architect HIV Ag/Ab Combo and
Roche Elecsys HIV Duo, and assessed in a multicenter study, using a wide panel of samples (n > 9000, clinical
samples and viral lysates) representative of genetic diversity for both antibodies and antigens, early phases of
infection, negative, and cross-reacting samples.

The clinical sensitivity was 100 % for clinical samples as well as for viral lysates. Data on viral lysates and
early detection on seroconversion panels showed a better result with the Access assay. Analytical sensitivity
showed a limit of p24 detection determined around 0.2 IU/mL. The overall specificity was 99.91 %, and no
interference was found using the potentially cross-reactive samples.

In conclusion, the Access HIV Ag/Ab combo assay demonstrated its ability for accurate diagnosis of chronic as
well as primary HIV infections on the DxI 9000 Analyzer, despite the high level of genetic diversity of these
viruses.

1. Introduction

Human immunodeficiency viruses (HIV) present genetic diversity
that leads to classification in two types i) HIV type 1 (HIV-1), also
classified into four groups, M (major), N (non-M and non-O), O (outlier)
and P, and ii) HIV-2, also classified into nine groups A to I [1-5]. The
continuous genetic evolution of HIVs over the past 40 years, has yielded
an increasing number of variants which can be defined into subtypes,
subgroups, Circulating and Unique Recombinant Forms (CRF and URF
respectively) according to their genetic relationships [3]. This genetic

plasticity has heightened the difficulties of serological diagnosis, with
many variants not being detected due to their antigenic diversity;
however, assay manufacturers have continuously attempted to correct
this shortcoming, by adapting their assays to account for this wide
antigenic diversity [1-6].

Fourth-generation HIV immunoassays have been developed to
reduce the window period of detection during seroconversion period by
4–8 days [7,8], allowing the detection of early and established infections
[8-10]. More than 10 different fourth-generation assays have been
licensed in Europe; HIV automated fourth-generation tests are now
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routinely being used in diagnostic laboratories [11-13]. Thus, any new
fourth-generation immunoassay needs to be assessed for determining
both clinical sensitivity (genetic diversity and various clinical status) as
well as analytical sensitivity and lot-to-lot reproducibility. Beckman
Coulter recently developed the Access HIV Ag/Ab combo assay specif-
ically for the novel high throughput DxI 9000 Access Immunoassay
Analyzer. It allows for simultaneous qualitative detection and differen-
tiation of HIV-1 p24 antigen and HIV-1/2 antibodies.

The aim of this work was to compare this new Access assay against
the well-established, and considered here as gold standard, Abbott Ar-
chitect HIV Ag/Ab Combo and Roche Elecsys HIV Duo assays, in a
multicenter study. Performances were assessed using a wide panel of
samples (n > 9000) representative of genetic diversity for both anti-
bodies and antigens, of early phases of infection, negative samples and
cross-reacting samples.

2. Study design

2.1. Assays

The Access HIV Ag/Ab combo assay (Beckman Coulter, Inc., Brea,
California, USA) is a paramagnetic particle, chemiluminescent immu-
noassay for the simultaneous qualitative detection and differentiation of
HIV-1 p24 antigen (Ag) and antibodies (Ab) to HIV-1/2, designed spe-
cifically for the DxI 9000 Immunoassay Analyzer. HIV-1 p24 antigen
detection is performed in one reaction vessel using anti-p24 antibody
coated paramagnetic particles (PMP) and anti-p24 antibody-alkaline
phosphatase (ALP) conjugate. In parallel, in a second reaction vessel,
anti-HIV antibody detection occurs using PMP coated with antigens

Table 1
Summary of samples included in performances analyses.

Samples for specificity
evaluation

6020 fresh blood samples
1198 frozen hospitalized patient samples
896 fresh hospitalized patient samples
260 samples from patients with potentially cross-
reacting factors

Samples for sensitivity
evaluation

948 HIV known positive samples (784 HIV-1 Ab, 100
HIV-2 Ab, 64 HIV-1 p24 Ag)
30 seroconversion panels
50 cell culture supernatants (50 distincts HIV isolates)
WHO HIV-1 p24 (90/636) standard dilutions (0; 0.1;
0.3; 0.5; 0.7; 0.9; 1.0 IU/mL) in plasma and serum

Table 2
Genetic diversity of HIV samples tested for clinical performances.
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mimicking immunodominant regions (gp41 and gp36) of HIV-1 group
M, group O and HIV-2 proteins in association with these same antigens
tagged with a flag and an anti-flag antibody conjugated to ALP. Testing
result is reported as two sub-results for HIV-1 p24 antigen and HIV-1/
HIV-2 antibody provided as both a signal-to-cutoff ratio (S/CO) and as
a qualitative interpretation (“reactive” or “nonreactive”), and a com-
bined result provided only as qualitative interpretation.

The Architect HIV Ag/Ab Combo assay (Abbott Laboratories, Chi-
cago, Illinois, USA) is a chemiluminescent magnetic microparticle-based
immunoassay dedicated to HIV-1 p24 antigen and antibody to HIV-1/2
detection on Architect I System. One unique result is reported without
distinction between the detection of HIV-1 p24 antigen, HIV-1 antibody,
or HIV-2 antibody [14].

The Elecsys HIV Duo assay (Roche Diagnostics GmbH, Mannheim,
Germany) is an electrochemiluminescence assay intended for use on the
Cobas e 801 Immunoassay Analyzer. It reports three results: HIV-1 p24
antigen and antibodies to HIV-1 and HIV-2 results as two separate de-
terminations and an HIV Duo result automatically calculated by the
analyzer [11,15].

2.2. Samples

Study was multicentric for both clinical and analytical studies, with
collection of prospective and retrospective samples. A summary of
samples included in performances analyses is presented in Table 1.

2.2.1. Sensitivity determinations

2.2.1.1. Clinical sensitivity (Appendix 1). Clinical sensitivity was evalu-
ated through the testing of 884 HIV antibody positive samples; we
included 563 samples representing different HIV-1 group M subtypes
and CRFs, HIV-1 group O and HIV-2 samples (Table 2). The other
samples (n = 321) were not genotyped.

Additional antigen positive samples (n = 114) were tested, corre-
sponding to i) 64 clinical HIV-1 p24 samples (eight enrolled from pa-
tients during laboratory routine testing and 56 -one per panel- from
seroconversion and performances panels) and ii) 50 positive viral lysates
from HIV-1 group M (A-H subtypes, CRF01, CRF02, CRF06, CRF11,
CRF14, CRF15, CRF18, CRF36), HIV-1 group O (H and T subgroups) and
HIV-2 (group A and B), spiked into HIV negative human CPD plasma. All
samples were tested on both Access and Architect assays.

2.2.1.2. Analytical sensitivity. Thirty commercial seroconversion panels
acquired from ZeptoMetrix and LGC Clinical Diagnostics/SeraCare Life
Sciences were assessed with the Access, Architect and Elecsys assays.
They represented a total of 256 bleeds including 86 early seroconversion
HIV specimens as defined by the European Common Specifications
(2022/1107 of 4 July 2022, i.e., HIV-1 p24 antigen and/or HIV RNA
positive, and not recognized by the antibody first-line assays and inde-
terminate or negative in confirmatory assays). Number of bleeds found
reactive per panel and per assay was reported, as was the difference in
days between the first bleed determined reactive with serological vs
NAT assay.

Antigen analytical sensitivity of the Access assay was determined by
testing a series of dilutions of the HIV-1 p24 Antigen World Health Or-
ganization (WHO) International Standard (NIBSC code: 90/636), spiked
into four different HIV negative human serum or four different K2 EDTA
plasma samples. These corresponded to 32 samples covering the 0, 0.1,
0.3, 0.5, 0.7, 0.9, 1.0 IU/mL range. The evaluation was performed using
three reagent pack lots and three reagent calibrator lots.

2.2.2. Specificity determinations (Appendix 1)

2.2.2.1. Blood donors. Fresh samples from non-selected blood donors (n
= 6020), collected by 60 different blood donation sites, were tested

using the Access and Elecsys assays. For HIV reactive samples, status was
confirmed by Immunoblot (IB) and HIV-1 RNA PCR (Procleix Ultrio
Assay, Grifols Diagnostic Solutions Inc.), or HIV1/2 RNA PCR (Cobas
8800 MPX, Roche Molecular Systems Inc.).

2.2.2.2. Hospitalized patients. Frozen (n = 1198) and fresh (n = 896)
HIV negative hospitalized patient samples were collected from five
different French sites and tested with the Access and Architect assays.

2.2.2.3. Cross-reacting samples. Additionally, 260 potentially cross-
reacting samples (10 individual samples covering each of 26 different
categories (Table 3) were collected from commercial vendors and tested
using the Access and Architect assays.

Table 3
List of potentially cross-reacting samples tested on the Access and Architect HIV
combo assays.

Sample nature - potential cross-reaction Number of samples determined
negative/tested

Epstein-Bar Virus (EBV) 10
Cytomegalovirus (CMV) 10
Herpes Simplex Virus (HSV) 10
Varicella Zoster Virus (VZV) 10
Hepatitis A Virus (HAV) 10
Hepatitis B Virus (HBV) 10
Hepatitis C Virus (HCV) 10
Human T-cell Lymphotropic virus
(HTLV)

10

Influenza A virus 10
Syphilis 10
E. coli (anti-E. coli) or E. coli urinary
infection

10

Influenza Post Vaccination 10
Rheumatoid Factor (RF) 10
Anti-Nuclear Antibody (ANA) 10
Human Anti-Mouse Antibody (HAMA) 10
Graves’ Disease 10
Crohn’s Disease 10
Systemic Lupus Erythematosus (SLE) 10
Pregnancy first trimester 10
Pregnancy second trimester 10
Pregnancy third trimester 10
Pregnancy multiparous 10
Dialysis 10
Transplant/Transplant recipient 10
Toxoplasmosis 10
Hemophiliac/Clotting factor 10
Total 260

Table 4
Sensitivity results.

Enrollment Group N Access HIV Ag/Ab
combo

Architect HIV Ag/Ab
Combo

RR
*

Sensitivity%
(95 % CI)

RR Sensitivity%
(95 % CI)

HIV-1 Ab positive
samples

784 784 100.00 %
(99.51 – 100.0
%)

784 100.00 %
(99.51 – 100.0
%)

HIV-2 Ab positive
samples

100 100 100.00 %
(96.30 – 100.0
%)

100 100.00 %
(96.30 – 100.0
%)

HIV-1 p24 Ag
positive samples

64 64 100.00 %
(94.34 – 100.0
%)

64 100.00 %
(94.34 – 100.0
%)

Total 948 948 100.00 %
(99.60 - 100.0
%)

948 100.00 %
(99.60 - 100.0
%)

* Repeatedly Reactive.
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Fig. 1. HIV-1 p24 detection comparison between the Access and Architect HIV combo assays
A Weighted Deming analysis was used from the testing of different dilutions of viral lysate from 50 HIV strains (46 HIV-1 and 4 HIV-2), to determine which S/CO was
obtained on the Access assay, when it was equal to 1.00 on the Architect assay. Even if HIV-2 strains were detected with the Access assay, results are not reported on
the figure above since the Architect assay cannot detect p26.

Table 5
Seroconversion panel testing with the Access, Architect and Elecsys HIV combo assays.

Seroconversion Panel ID N = 30
256 bleeds

Number of NAT positive panel bleeds* Number of bleeds determined reactive
per assay

Difference in days for first bleed determined reactive with
serological vs NAT assay**

Access Architect Elecsys Access Architect Elecsys

0600–0227 3 (3) 2 (2) 2 (2) 2 (2) 3 3 3
0600–0232 3 (2) 3 (2) 3 (2) 3 (2) 0 0 0
0600–0237 4 (2) 3 (1) 2 (0) 3 (1) 3 7 3
0600–0238 4 (3) 3 (2) 2 (1) 2 (1) 4 7 7
0600–0240 4 (3) 2 (1) 2 (1) 2 (1) 7 7 7
0600–0244 4 (4) 2 (2) 2 (2) 2 (2) 7 7 7
0600–0245 3 (2) 3 (2) 2 (1) 2 (1) 0 3 3
0600–0250 6 (2) 4 (0) 4 (0) 4 (0) 11 11 11
0600–0251 7 (4) 5 (2) 3 (0) 4 (1) 8 17 10
0600–0258 3 (2) 3 (2) 2 (1) 2 (1) 0 2 2
0600–0260 3 (3) 1 (1) 1 (1) 1 (1) 7 7 7
0600–0261 4 (4) 4 (4) 2 (2) 3 (3) 0 7 2
0600–0262 4 (2) 2 (0) 2 (0) 2 (0) 13 13 13
0600–0265 3 (3) 2 (2) 2 (2) 2 (2) 7 7 7
0600–0271 8 (4) 7 (3) 6 (2) 6 (2) 3 7 7
0600–0272 4 (2) 3 (1) 3 (1) 3 (1) 7 7 7
HIV6248 3 (2) 2 (1) 2 (1) 2 (1) 4 4 4
HIV9011 11 (9) 2 (0) 2 (0) 2 (0) 38 [8] 38 [8] 38 [8]
HIV9012 7 (4) 4 (1) 3 (0) 3 (0) 14 16 16
HIV9013 3 (2) 2 (1) 1 (0) 2 (1) 5 7 5
HIV9016 3 (3) 2 (2) 2 (2) 2 (2) 3 3 3
HIV9019 1 (0) 1 (0) 1 (0) 1 (0) 0 0 0
HIV9020 5 (3) 4 (2) 3 (1) 3 (1) 4 7 7
HIV9021 5 (3) 4 (2) 4 (2) 4 (2) 4 4 4
HIV9023 4 (3) 3 (2) 3 (2) 3 (2) 2 2 2
HIV9028 2 (2) 2 (2) 2 (2) 2 (2) 0 0 0
HIV9030 5 (3) 3 (1) 3 (1) 3 (1) 7 7 7
HIV9031 7 (4) 4 (1) 3 (0) 2 (0) 41 [7] 49 [15] 56 [22]
HIV9081 3 (0) 3 (0) 3 (0) 3 (0) 0 0 0
HIV9096 6 (3) 5 (2) 5 (2) 5 (2) 3 3 3
Total detected bleeds 132 (86) 90 (44) 77 (31) 80 (35)
Average difference of days 6.8 [4.7] 8.4 [6.3] 8.0 [5.9]

Note: number of days between two bleeds can vary across bleeds of one panel.
* Number in brackets corresponds to #samples with early seroconversion sample status.
** Number in square brackets correspond to additional analysis considering second NAT assay results (panel HIV9011) or one unexpected NAT positive result

removal (panel HIV9031 bleed 5 found NAT positive while bleeds 1 to 13 are NAT negative).
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3. Results

3.1. Sensitivity performances

3.3.1. Clinical sensitivity
Sensitivity was 100 % with both the Access and Architect assays for

the 884 known HIV Ab positive samples and the 64 known HIV-1 p24 Ag
positive samples (Table 4).

Concerning the detection of the viral lysates representative of
distinct HIV variants, the comparison of signal/cutoff (positive is ≥

1.00) showed a higher sensitivity with the Access assay vs Architect
assay for 44 of the 46 HIV-1 isolates, leading to an overall median S/CO
= 2.45 with the 3 lots of the Access assay when 1.00 S/COwas measured
on the Architect (Fig. 1). Tested in parallel of these supernatants, WHO
HIV-1 p24 antigen led to S/CO = 3.51 on the Access assay when 1.00 S/
CO was measured on the Architect.

Furthermore, both HIV-2 antigen groups A and B were detected with
the Access assay.

3.3.2. Analytical sensitivity
Testing of 30 seroconversion panels demonstrated a higher number

of detected bleeds (n) with the Access assay (n = 90) compared to both
Elecsys (n= 80) and Architect (n= 77) (Table 5) assays: the Access assay
detected eight panels one bleed earlier than the Elecsys assay and one
panel two bleeds earlier. Compared to the Architect assay, the Access
assay detected nine panels one bleed earlier and two panels two bleeds
earlier. Separate antigen and antibody response of the Access assay
demonstrated that earlier panel detection was allowed by HIV-1 p24 Ag

detection.
From the 86 early seroconversion samples tested in this study, forty-

four were found reactive with the Access assay compared to 35 with the
Elecsys and 31 with the Architect assays. Average number of days be-
tween positive detection of a bleed previously identified NAT positive,
was reduced using the Access assay (6.8 days) compared to the Elecsys
and Architect assays (8.0 and 8.4 days respectively).

The data of p24 analytical sensitivity on the Access assay are pre-
sented in Fig. 2. The limit of detection was defined between 0.19 and
0.22 IU/mL (95 % CI) of WHO HIV-1 p24 antigen standard. Comparable
results were obtained between the 3 lots, while a slightly better sensi-
tivity was observed in plasma vs serum.

3.3.3. Clinical specificity
Analysis of 6020 blood donor samples demonstrated a 99.97 %

specificity with the Access assay, compared to 99.93 % specificity
measured with the Elecsys assay (Table 6), with two and four samples,
respectively, identified as false positive, since their HIV negative status
was confirmed by immunoblot and HIV-1 or HIV-1/2 PCRs. Higher
specificity was measured with the Access assay compared to the Archi-
tect assay for the testing of 2094 HIV-negative hospitalized patient
samples: 99.76% vs 99.09 % respectively (Table 6). This population
included 893 fresh samples, for which 4 were detected as False Initial
Reactive (found initial reactive but confirmed nonreactive after retest)
with the Architect (0.46 %; 95 % CI: 0.18–1.16 %), but none with Access
assay (0.00 %; 95 % CI: 0.00–0.43 %). Overall specificity determined
with the Access assay on these two populations (n = 8114 HIV negative
samples) was 99.91 %.

Fig. 2. WHO HIV-1 p24 analytical sensitivity of the Access HIV Ag/Ab combo assay (3 reagent pack lots; Passing Bablok Regressions)
Access assay analytical sensitivity for WHO HIV-1 p24 Ag spiked in serum and plasma (95 % CI) was determined with three reagent lots through Passing Bablok
regressions as 0.22, 0.21, 0.22 IU/mL in serum and 0.20, 0.19, 0.20 IU/mL in plasma for lots 1, 2 and 3 respectively.

Table 6
Specificity results.

Access HIV Ag/Ab combo assay Reference assaya

Enrollment Group N NR IR RR Specificity% (95 % CI) NR IR RR Specificity% (95 % CI)

Blood donor samples 6020 6018 4 2b 99.97 % (99.88 – 99.99 %) 6016 4 4c 99.93 % (99.83 – 99.97 %)
Hospitalized patient samples 2094 2089 6 5d 99.76 % (99.44 – 99.90 %) 2075 23 19 99.09 % (98.59 – 99.42 %)
Fresh 896 893 3 3 879 21 17
Frozen 1198 1196 3 2 1196 2 2
Overall Specificity 8114 8107 10 7 99.91 % (99.82 – 99.96 %)

a HIV Reference assay was the Abbott Architect HIV Ag/Ab Combo for the hospitalized patient samples and the Roche Elecsys HIV Duo for the blood donor samples.
b RR with the Access assay, Nonreactive (NR) with the Elecsys assay, NR on Immunoblot (IB) and HIV-1 PCR.
c 2 samples RR with the Elecsys assay, NR with the Access assay, NR on Immunoblot (IB) and HIV-1 PCR; 2 samples RR with the Elecsys assay, NR with the Access

assay, NR on Immunoblot (IB) and HIV-1/2 PCR.
d RR with the Access assay, including 2 fresh samples RR with the Architect assay, Indeterminate WB and negative HIV-1 PCR result, and 3 samples (1 fresh and 2

frozen), NR with the Architect assay, negative IB/Western blot (WB) and negative HIV-1 PCR results.
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Samples (n = 260) covering 26 different potentially cross-reactive
factors were evaluated on the Access assay which showed no false pos-
itive reaction and a 100% overall negative agreement with the Architect
assay.

4. Discussion

This work is the first large scale evaluation of the new Access HIV
Ag/Ab combo assay on the DxI 9000 Access Immunoassay Analyzer. Its
performances were evaluated on a wide panel of positive samples
representative of many variants found around the world (including HIV-
2 and rarer group O), as well as a large panel of negative samples. The
early detection capability of this kit was also evaluated using 30 sero-
conversions panels. Two major commercial kits from Abbott and Roche
were used for comparison. The data are then robust.

Clinical sensitivity was found to be 100 % for clinical samples as well
as for viral lysates. To note that this new test detected all group O
samples (both antibodies and antigenic) for which antigenic diversity
could be a difficulty [16]. To include the largest genetic diversity, we
also added viral lysates representative of many variants that can be
found in different geographical regions. The data showed a higher
detection performance with the Access assay for the corresponding an-
tigens, even for HIV-2 samples. However, it will be essential to evaluate
many other variants that were not included in this work.

In details, the Access assay showed better clinical sensitivity on viral
lysates and early detection on seroconversion panels. Indeed, the S/CO
values were higher for 44 out the 46 lysates on the Access assay in
comparison to Architect assay, and the p24 antigen was detected sooner
for the Access assay by 1.2 and 1.6 days compared to the Elecsys and
Architect assays, respectively. The limit of p24 detection determined
around 0.22 IU/mL on the Access assay is also lower than the one re-
ported in the literature for the Abbott Architect HIV Ag/Ab Combo
(0.7–1.2 IU/mL) [17,18] and Roche Elecsys HIV Duo (0.3 IU/mL) assays
[15]. These data are very interesting for a fourth-generation assay,
which is now essential to diagnose very early infections and initiate
patient care management. Furthermore, this assay developed for the
new DxI 9000 analyzer now offers the advantage of independent
reporting of the antigen assay result from that of the antibody assay, plus
a final qualitative combo interpretation (reactive / nonreactive).
Sub-results analysis, particularly for the antigen, could facilitate early
detection of acute HIV infection. The overall specificity was 99.91 %,
with a better result for this latter parameter compared to the Architect
and Elecsys assays. No interference was found using a specific panel of
260 potentially cross-reactive samples.

This study was performed at multiples sites, an important point since
it indicates that data were not produced by only one laboratory, with the
question of a possible “local” bias. This emphasizes again the robustness
of the Access HIV Ag/Ab combo assay dedicated to the DxI 9000
analyzer recently launched on the market.

Performances of this assay are likely associated with technological
improvements made to the Beckman Coulter DxI 9000 Access Immu-
noassay Analyzer. The use of a new substrate (Lumi-Phos PRO) as well as
the optimization of low-volume pipetting capabilities allows for
increased sensitivity of immunoassays such as the Access HIV Ag/Ab
combo test, while preserving valuable patient samples.

In conclusion, this work demonstrates that the new Access HIV Ag/
Ab combo assay, presents performances allowing diagnosis of chronic as
well as primary HIV infections, despite the high level of genetic diversity
of these viruses.
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