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Background: Early diagnosis of HIV infection reduces morbidity and mortality. Fourth-gen-
eration HIV detection assays are more sensitive because they can detect p24 antigen as 
well as anti-HIV antibodies. In this study, we evaluated the performance of a new fourth-
generation ADVIA Centaur HIV antigen/antibody combo (CHIV) assay (Siemens Health-
care Diagnostics Inc., USA) for early detection of HIV infection and reduction of false posi-
tive rate.

Methods: Four seroconversion panels were included. The third-generation ADVIA Centaur 
HIV 1/O/2 enhanced (EHIV) assay (Siemens Healthcare Diagnostics Inc., USA) and fourth-
generation CHIV assay were used to test each panel for HIV infection. The presence of an-
tigen was confirmed using HIV p24 antigen assay. To evaluate false-positivity and specific-
ity, 54 HIV false-positive and HIV-negative serum samples from 100 hospitalized patients 
and 600 healthy subjects were included.

Results: Compared to the EHIV assay, the CHIV assay had a shorter window for three of 
the seroconversion panels: a difference of 10 days and two bleeds in one panel, and 4 
days and one bleed in the other two panels. Only 34 of the 54 (63%) samples known to 
yield false-positive results by EHIV assay had repeatedly yielded reactive results in the CHIV 
assay. One of the 600 healthy subjects had a false-positive result with the CHIV assay; thus, 
the specificity was 99.85% (699/700). CHIV accurately determined the reactive results for 
the HIV-confirmed serum samples from known HIV patients and Korea Food & Drug Ad-
ministration (KFDA) panels.

Conclusions: The new fourth-generation ADVIA Centaur HIV assay is a sensitive and spe-
cific assay that shortens the serological window period and allows early diagnosis of HIV 
infection.
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INTRODUCTION

In 2008, HIV was estimated to cause 2.7 million new infections 

and 2 million deaths worldwide [1]. The rate of HIV infection is 

constantly increasing, with 888 new infections being reported in 

2011 [2]. A recent study showed that delayed diagnosis of HIV 

and late presentation were major risk factors of early death in 

Korea [3], and 41% of the newly diagnosed HIV-infected indi-

viduals presented with advanced HIV disease [4]. Early diagno-

sis of HIV infection reduces morbidity and mortality and mini-

mizes potential transmission of HIV. Recently published guide-

lines include a routine HIV screening test, which can benefit the 

patients by detecting HIV before seroconversion [5].When pa-

tients are first exposed to HIV, serum HIV antibodies are pro-
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duced; these can be detected at least 3 weeks later by third-

generation antibody assays [6]. The window period, from the 

presence of HIV-1 RNA in plasma to antibody seroconversion, 

varies between 10 and 27 days, depending on the route of in-

fection [7]. The HIV p24 antigen assay can detect p24 antigen, 

beginning approximately on the 15th day and peaking between 

20 to 30 days [8], thus enabling early diagnosis of HIV infection. 

However, the p24 antigen titer continuously decreases after 

reaching its peak and is usually undetectable. A negative result 

for p24 antigen assay after antibody seroconversion does not 

exclude the possibility of HIV infection. 

  Combining both antigen and antibody detection increases 

sensitivity in the early seroconversion window, while improving 

the chances of identification of low-titer anti-HIV antibodies and 

persistent antigenemia in the late stage. Fourth-generation as-

says have been reported to possess potential non-specific reac-

tivity, because two principles are combined in one assay [7, 9]. 

Early fourth-generation assays had limited ability to detect HIV 

antigen compared to single p24 antigen assays. The risk of in-

terference was also predicted to be higher, because both sero-

logical markers were determined in one test well. The specificity 

of fourth-generation assays was reported to be lower than that 

of third-generation assays for screening blood donors, and the 

high rate of false-positive results (0.2%) resulted in difficulties in 

blood donor screening [9]. Newer fourth-generation HIV assays, 

however, have improved on the limitations of previous assays, 

while reducing the seroconversion window [10-12].

  The new fourth-generation ADVIA Centaur HIV antigen/anti-

body combo (CHIV) assay (Siemens Healthcare Diagnostics 

Inc., Tarrytown, NY, USA) was recently introduced in Korea. 

This assay appears to reduce the seroconversion window, com-

parable to the p24 antigen assay, and is thus expected to sub-

stitute for the third-generation ADVIA Centaur 1/O/2 enhanced 

antibody (EHIV) assay (Siemens Healthcare Diagnostics Inc.). 

In this study, we evaluated the performance of the prototype 

fourth-generation ADVIA Centaur HIV assay to accurately detect 

recent HIV infection and reduce the HIV seroconversion window 

compared to the EHIV assay. 

METHODS

This study was conducted between February and March 2012 

in the Samsung Medical Center, Seoul, Korea. The study proto-

col was approved by Institutional Review Board of the Samsung 

Medical Center.

1. Samples
To evaluate early detection of HIV infection, four commercially 

available seroconversion panels (PRB 966, PRB 969, PRB 970, 

and PRB 971) purchased from Boston Biomedica, Inc. (BBI) 

Diagnostics (West Bridgewater, MA, USA) were tested. 

  To evaluate the false-positivity and specificity of the CHIV as-

say, two sets of samples were tested: a batch of HIV false-posi-

tive and HIV-negative serum samples from hospitalized patients 

and healthy subjects who requested an HIV antibody test, and 

54 HIV false-positive serum samples, which repeatedly tested 

reactive on EHIV assay, but produced negative results on west-

ern blot analysis (Fig. 1). Serum samples from 100 consecutive 

patients hospitalized in the Department of Internal Medicine 

and the intensive care unit of the Samsung Medical Center and 

600 consecutive healthy subjects who visited the health promo-

tion center for routine checkup were included to determine 

specificity. All samples from 100 hospitalized and 600 healthy 

subjects were classified as HIV-negative, with nonreactive re-

sults on EHIV assay. The accuracy of the CHIV assay was evalu-

ated using 14 known HIV-positive serum samples, which re-

peatedly produced reactive results on EHIV assay and were 

confirmed HIV positive by western blot analysis (Fig. 1) and two 

Korea Food & Drug Administration (KFDA) standard panels 

(09/030 8 and 16) containing eight HIV-positive, ten indetermi-

nate, and four negative serum samples. These known HIV-posi-

tive samples yielded both a gp160/gp120/gp41 band and at 

least one p24 or p31 band on western blot analysis. The 54 HIV 

false-positive and 14 known HIV-positive serum samples were 

collected from March 2010 to March 2012. Serum samples 

from 100 hospitalized and 600 healthy subjects were included 

during March 2012.

ADVIA centaur HIV 1/0/2 antibody assay

Nonreactive On retest, reactive

Positive Negative Indeterminate

HIV negative Western blot test

HIV positive HIV false-positive Not confirmed 
HIV status

Fig. 1. Flow chart for patient selection, according to the conven-
tional HIV testing scheme.
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2. HIV assays 
The ADVIA Centaur CHIV assay is an antigen-bridging, magnetic 

microparticle-based, chemiluminometric immunoassay that de-

tects antibodies against HIV-1 group M and O, HIV-2, and p24 

antigens in the serum or plasma. The ADVIA Centaur CHIV as-

say uses recombinant antigens, including an HIV-1 envelope 

protein (gp41/120) and an HIV-2 envelope protein (gp36), and 

three monoclonal antibodies specific to HIV p24 antigen. A syn-

thetic peptide is added to detect antibodies to the HIV-1 group O. 

A direct relationship exists between the amount of HIV antibody 

and/or p24 antigen in the serum and the amount of relative light 

units (RLU) detected by the ADVIA Centaur system. A reactive 

or nonreactive result was determined according to the index 

value of signal to cut off (S/CO) ratio established with calibrators. 

An S/CO ratio of ≥1.0 was considered reactive and that of <1.0 

was nonreactive. Reactive serum samples had an S/CO ratio of 

1.0 to >2.0 in our system. All initially reactive serum samples 

were retested in duplicate after centrifugation at 10,000×g for 

10 min. If the retest result was reactive, the sample was sent for 

western blot analysis. Samples with positive results for western 

blot analysis were considered HIV positive.

  The ADVIA Centaur EHIV assay is a microparticle-based, 

chemiluminometric immunoassay that detects antibodies to 

HIV-1 group M and O and HIV-2. This assay contains a complex 

of streptavidin-coated microparticles and acridinium-labeled 

HIV-1 and HIV-2 recombinant antigens and peptides. A reactive 

or nonreactive result was determined according to the index 

value of the S/CO ratio established with calibrators. An S/CO ra-

tio of ≥1.0 was considered reactive and <1.0 was nonreactive. 

Reactive serum samples had an S/CO ratio of 1.0 to >50.0 in 

our system. All initially reactive serum samples were retested 

and subjected to western blot analysis, as described above.

  Elecsys HIV p24 antigen assay (Roche Diagnostics GmbH, 

Mannheim, Germany) is an electrochemiluminescence immu-

noassay that determines the concentration of HIV-1 p24 anti-

gen. This assay contains a biotinylated monoclonal HIV p24 an-

tibody and a ruthenium-labeled monoclonal HIV p24 antibody 

that form a sandwich with streptavidin-coated microparticles. 

The Elecsys software compares the electro-chemiluminescence 

signal with cut-off values established by HIV antigen calibrators 

and determines a positive result when the S/CO ratio is >1.0. A 

sample with S/CO ratio of ≥1.0 was considered HIV positive.

3. Data analysis
The relative performance of early HIV detection with seroconver-

sion panels was determined by comparing the results obtained 

with CHIV, EHIV, and HIV p24 antigen assays. The seroconver-

sion day on each panel was designated as the first day since the 

first bleed that a positive result was obtained. 

  To analyze the false-positive results of the ADVIA Centaur 

CHIV assay, we reviewed clinical information from 54 subjects 

with false-positive results in electronic medical records and de-

scribed possible factors known to cause false-positive results.

The specificity of the CHIV assay with a 95% confidence interval 

was determined for serum samples from 100 hospitalized and 

600 healthy subjects. Statistical analyses were performed using 

MedCalc Statistical Software (version 11.5.1; MedCalc Software, 

Mariakerke, Belgium).

RESULTS

1. ‌�Reduced seroconversion window by ADVIA Centaur CHIV 
assay

Compared to the EHIV assay, the ADVIA Centaur CHIV assay 

had a shorter window period for three panels: a difference of 10 

days and two bleeds for PPB970 and four days and one bleed 

for PPB966 and PPB971. In the PPB969 panel, which includes 

samples from 60 days after the first bleed, no difference was 

observed between EHIV and CHIV in the detection of HIV infec-

tion. Compared to the HIV p24 antigen assay, the CHIV assay 

had the same seroconversion day in the PPB970 and PPB971 

panels, and delayed detection in the PPB966 and PPB969 

panels (Fig. 2).

2. Reduced false-positivity by ADVIA Centaur CHIV assay
The ADVIA Centaur CHIV assay had 34 HIV false-positive re-

sults (63%) among the 54 known false-positive serum samples. 

The median S/CO ratio was 1.4 (range, 1.0 to >12.0) among 

the 34 HIV false-positive results. Two false-positive serum sam-

ples had S/CO ratios of >12.0 on the CHIV assay, which were 

calculated as 12.0 in our statistical analysis. Patients with HIV 

false-positive results had various clinical conditions, including 

malignant neoplasms, hepatitis, tuberculosis, autoimmune dis-

eases (Sjogren’s syndrome, polychondritis, and rheumatoid ar-

thritis), multiple pregnancies, unexpected anti-le(a) antibody, 

recent rickettisial infection, and benign mass. The comparison 

of the clinical conditions of subjects with HIV false-positive re-

sults for EHIV and CHIV assays is summarized in Table 1. 

  The specificity of the CHIV assay was 99.85% (699/700, 95% 

confidence interval [CI]: 99.21%-100%) for the 100 hospitalized 

patients and 600 healthy subjects. The specificity of EHIV assay 

was 100% (95% CI: 99.47%-100%). We did not obtain any re-
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active results for the 100 hospitalized patients by using the CHIV 

assay, but four of the 600 healthy subjects were initially reactive 

(three of the four subjects were nonreactive on repeating the 

test). One healthy subject who tested negative on EHIV assay 

consistently had an S/CO ratio of >1.0 (initial S/CO ratio of 1.04 

and retest S/CO ratios of 1.06/1.09/1.04) on CHIV assay.

3. Accurate detection of HIV-positive samples
The CHIV assay accurately determined the presence of HIV in-

fection in all 14 known HIV-positive serum samples from pa-

tients and eight HIV-1-positive samples from the two KFDA 

standard panels. All CHIV assay results for the KFDA panels 

were concordant with the EHIV assay results: all four HIV-nega-

tive serum samples from the KFDA standard panels tested neg-

ative, nine of 10 indeterminate samples tested positive, and the 

one indeterminate serum sample tested negative by the CHIV, 

EHIV, and HIV p24 antigen assays.

DISCUSSION

The purpose of this study was to evaluate a new fourth-genera-

tion CHIV assay focusing on early diagnosis of HIV infection by 

reducing the seroconversion window and false-positive rate. De-

tecting recent infection by HIV is the strength of the fourth-gen-

eration HIV assays, compared to the third-generation assays. 

According to previous studies, which used seroconversion pan-

els and HIV assays, the fourth-generation combo assays have 

reduced the diagnostic window compared to the third-genera-

tion assays up to 5 days [13], 1 week [10, 14], or 26 days [15]; 

Fig. 2. Bleed days of first HIV-positive case in four seroconversion panels by HIV assays. Each positive result on the HIV p24 antigen assay 
is indicated with a diamond (♦).
Abbreviations: Ag, antigen; CHIV, HIV antigen/antibody Combo; EHIV, HIV 1/O/2 enhanced antibody.
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Table 1. Comparison of the clinical characteristics of subjects with 
HIV false-positive results by third-generation HIV antibody assay 
(ADVIA Centaur HIV 1/O/2 enhanced, EHIV) and fourth-generation 
HIV combo assay (ADVIA Centaur HIV Ag/Ab Combo, CHIV)

Characteristics 
ADVIA Centaur HIV 
1/O/2 Enhanced

ADVIA Centaur 
HIV Ag/Ab Combo

Number of samples with HIV false-
   positive results

54 34 

Female 34 (63%) 24 (71%)

   with history of pregnancy 28 (52%) 19 (56%)

Clinical conditions 

   Malignancy 16 (30%) 10 (29%)

   Hepatitis or tuberculosis   3 (6%)   3 (9%)

   Autoimmune diseases   3 (6%)   3 (9%)

   Unexpected antibody   1 (2%)   1 (3%)

   Other diseases* 12 (22%)   6 (18%)

   Healthcare center visitors 19 (35%) 11 (32%)

*Include benign mass, hematoma, orthopedic diseases, hypothyroidism, s/p 
plastic surgery.
Abbreviations: Ag, antigen; Ab, antibody.
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this varied across the studies. In this study, the HIV seroconver-

sion window of the CHIV assay was reduced in three of four se-

roconversion panels (reduction for 4 days, 4 days and 10 days, 

respectively) and was close to that of the Elecsys HIV p24 anti-

gen assay in two seroconversion panels, while there was a lon-

ger window in two other panels, which can be attributed to de-

layed HIV antibody production.

  Detecting both HIV antibodies and p24 antigen simultane-

ously, previous fourth-generation combo assays had potential 

weak points of non-specific reactivity and false-positive results 

with possible low specificity. Newer fourth-generation HIV assays 

should be validated for the known limitation of previous assays. 

According to the recent studies [16, 17], the average specificity 

of the fourth-generation assay was from 99.5% to 99.9%, which 

was equivalent to that of the third-generation assays.

  In our study involving 700 samples, including 100 hospital 

patients with clinical conditions that can lead to false-positive 

results and 54 EHIV-positive samples from various clinical con-

ditions, we obtained an excellent specificity of 99.85% and no-

ticed the potential to reduce the rate of false-positive results in 

HIV screening. The specificity of 99.76% in blood donors and 

99.2% among hospitalized patients was reported in a study for 

evaluation of the ADVIA Centaur CHIV assay [18]. False-positive 

results can occur during HIV screening because of various clini-

cal conditions, such as recent influenza or hepatitis B vaccina-

tions, viral infections, autoimmune diseases, renal failure, blood 

transfusion, liver disease, hemodialysis, multiple pregnancies, 

or pregnancy at a young age [6, 19, 20]. Considering that a 

false-positive result requires a repeat test and confirmatory 

western blot analysis [21], a low false-positive rate reduces the 

labor, cost, and time needed to perform the required tests. Ac-

cording to our results, this newer fourth-generation HIV assay 

seemed to improve on the limitations and reduced the serocon-

version window compared to the third-generation assays.

  The analytical sensitivity of the CHIV assay provided by the 

manufacturer was 1.15 IU/mL with HIV-1 p24 antigen 1st inter-

national reference reagent (90/636). The p24 antigen, CHIV, 

and other combo assays should meet the analytical sensitivity at 

least 2 IU/mL using WHO standard, for approval of HIV combo 

assays in the Conformité Européenne [22]. The newer fourth-

generation HIV assays showed 1.13 IU/mL of lowest detection 

limit using HIV p24 antigen sensitivity panel [17]. Although we 

could not evaluate the analytical sensitivity of the ADVIA Centaur 

CHIV assay in this study, we may expect that it has the compa-

rable sensitivity with other fourth-generation HIV assays.

  There was inherent bias in estimating the false-positive rate 

because of the retrospective nature of the HIV false-positive 

samples and the limited sample size. A prospective study of a 

larger scale may be necessary to evaluate the efficiency of re-

ducing the false-positive rate in a tertiary hospital setting.

  In conclusion, our study showed that the fourth-generation 

ADVIA Centaur CHIV assay was sensitive and specific for HIV 

seroconversion panels, HIV false-positive serum samples, and 

samples from HIV-negative hospitalized subjects. The ADVIA 

Centaur CHIV assay shortened the serological window, and 

therefore, may be useful to reduce morbidity and mortality as-

sociated with HIV infection, and thereby, the risk of HIV trans-

mission. 
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