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Abstract

The prevailing method to assess HIV-1 replication and infectivity is to measure the production of 

p24 Gag protein by enzyme-linked immunosorbent assay (ELISA). Since fluorescent bead-based 

technologies offer a broader dynamic range and higher sensitivity, this study describes a p24 

capture Luminex assay capable of detecting HIV-1 subtypes A, B, C, D, circulating recombinant 

forms (CRF) CRF01_AE and CRF02_AG, which together are responsible for over 90% of HIV-1 

infections worldwide. The success of the assay lies in the identification and selection of a cross-

reactive capture antibody (clone 183-H12-5C). Fifty-six isolates that belonged to six HIV-1 

subtypes and CRFs were successfully detected with p-values below 0.021; limits of detection 

ranging from 3.7 to 3×104 pg/ml. The intra- and inter-assay variation gave coefficient of variations 

below 6 and 14%, respectively. The 183-bead Luminex assay also displayed higher sensitivity of 

91% and 98% compared to commercial p24 ELISA and a previously described Luminex assay. 

The p24 concentrations measured by the 183-bead Luminex assay showed a significant correlation 

(R = 0.92, p<0.0001) with the data obtained from quantitative real time PCR.

This newly developed p24 assay leverages the advantages of the Luminex platform, which include 

smaller sample volume and simultaneous detection of up to 500 analytes in a single sample, and 

delivers a valuable tool for the field.
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1. Introduction

HIV p24 Gag protein is a commonly used marker of HIV replication clinically and 

scientifically. Although monitoring HIV-1 replication in vitro can be carried out by 

quantification of viral nucleic acid, the most common method to assess replication and 

infectivity is to measure p24 production by Enzyme-Linked Immunosorbent Assay (ELISA) 

(Patton et al., 2006; Schupbach, 2003). p24 is the structural protein of the viral capsid whose 

highly conserved amino acid sequence (Coplan et al., 2005) and abundance (Summers et al., 

1992; Vogt and Simon, 1999) make it an ideal candidate for HIV detection.

Commercially available p24 ELISAs are reliable, specific, sensitive and widely used in the 

field; however, drawbacks include a narrow dynamic range and high cost. Currently, 

fluorescent bead-based technologies, like Luminex, offer a broader dynamic range, higher 

sensitivity and lower cost (Biancotto et al., 2009). Additionally, the Luminex platform 

requires a smaller sample volume than the ELISA and permits the simultaneous detection of 

up to 500 analytes in a single sample. The ability to screen up to 1000 samples per day 

confers an added advantage to this technique. The core technology is based on microspheres 

internally dyed with fluorophores that are pre-coated with antibodies to capture analytes of 

interest (C-Ab; capture antibody). Detection of the bound antibody– protein complex is 

based on the photometric reading of the laser-excited fluorescent detection antibody that 

sandwiches the captured antigen. As for all immunological assays, the success relies on the 

avidity and specificity of the C-Abs selected. Biancotto et al. (Biancotto et al., 2009) 

developed a sensitive assay for the detection of p24 using the Luminex technology that has 

been used in many HIV-1 subtype B studies (Balzarini et al., 2013; Introini et al., 2013; 

Merbah et al., 2012; Parrish et al., 2013; Saba et al., 2010; Vanpouille et al., 2012). 

However, the C-Ab described by Biancotto et al. lacks sensitivity for some HIV-1 non-B 

subtypes which account for almost 90% of HIV-1 infections worldwide (Hemelaar et al., 

2011). Hence, having an assay that allows the assessment of virus production regardless of 

the subtype is important.

Here we present the development of a Luminex based assay using a p24 capture monoclonal 

antibody (mAb), that detects B and non-B subtypes. Assay performance was evaluated on a 

panel of 56 HIV-1 isolates representing subtypes A, B, C, D, CRF01_AE and CRF02_AG, 

by comparing p24 concentrations measured with the Luminex assay developed by Biancotto 

et al. (Biancotto et al., 2009) and a commercially available p24 ELISA kit (Tang et al., 

2010). Additionally, the performance of the assay was compared with real-time quantitative 

Polymerase Chain Reaction (qPCR) (Schupbach, 2003; Stefan et al., 2003).
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2. Materials and Methods

2.1. HIV-1 isolates

The 56 virus isolates (Table 1) belong to the International Panel of HIV-1 Isolates (Brown et 

al., 2005) representing the six major globally prevalent strains A, B, C, D, CRF01_AE and 

CRF02_AG. Available through the NIH AIDS Reagent Program (Cat #11412), they 

constitute a resource for standardization for studies using different HIV-1 subtypes and are 

wildly used (Jones et al., 2012; Rosa Borges et al., 2010; Stoddart et al., 2015; Zhai et al., 

2013). To ensure consistency of our measurement over time, a 500 μl or 1 ml vial of virus 

stock was thawed, divided into 100μl aliquots and stored at -80°C.

2.2. p24 quantification by ELISA

To measure the p24 concentration of the isolates, a commercial p24 capture ELISA kit 

(Advance Bioscience Laboratories, Rockville, MD, USA) was used per the manufacturers' 

instruction. A modified version of this ELISA was also used to test the binding abilities of 

the C-Ab candidates (Table 2) to the p24 of the different HIV-1 subtypes. The wells of a flat-

bottom polystyrene 96-well plate (Thermo Scientific, Boston, MA, USA) were coated with 

100μl of bicarbonate buffer (15mM Na2CO3 and 35mM NaHCO3, pH 9.6) containing 

4μg/ml of capture-antibody, and incubated overnight at 4°C. The coating solution was then 

removed and other protein binding sites were blocked by adding 250 μl per well of a 

blocking solution (1X PBS, 0.5% skim milk powder and 0.1% Tween20, pH 7.4), and 

incubated at room temperature (RT) for 2 hours. After the blocking solution was removed, 

the assay was completed by using the commercial reagents from the p24 capture ELISA 

cited above and following the instruction of the manufacturer.

2.3. Beads coupling reaction and validation

The C-Ab yielding the best result was selected for coupling to beads. The content of a vial 

of carboxylated magnetic beads region 43 (1.25 × 107 beads, 1ml, region 43, 6.5μm in 

diameter, Luminex Corp. Austin, TX, USA) was transferred into a low binding 

microcentrifuge tube (Eppendorf, Hamburg, Germany) and centrifuged at 8000 × g for 2 

minutes. After a wash in 200μl of H2O, the beads were pelleted, resuspended in 160μl of 

100mM NaH2PO4 (Sigma-Aldrich, St. Louis, MO, USA) pH 6.2 and activated for 20 

minutes under agitation by adding 20μl of 50mg/ml of Sulfo-NHS (sulfo-N-

hydroxysuccinimide) (Pierce Biotechnoloy Inc., Rockford, IL, USA) and 20μl of 50mg/ml 

of EDC (1-ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride) (Pierece 

Biotechnoloy Inc). The solution of Sulfo-NHS and EDC were freshly prepared and checked 

for the correct pH before each coupling procedure. The activated beads were washed twice 

in 250μl of 100M of MES (2[N-Morpholino] ethanesulfonic acid) (Fisher Scientific, 

Pittsburgh, PA, USA) solution pH 6, centrifuged and resuspended in 250μl of 100M of MES. 

110μg of C-Ab diluted in PBS were added and the total volume brought to 1ml with 100mM 

MES pH6. The coupling reaction proceeded for 2 hours at RT with a gently stirring at 4°C 

overnight. The coupled beads were then centrifuged, resuspended and incubated under 

constant stirring at RT for 30 minutes in 500μl of PBS-TBN (1X PBS, 0.1% BSA, 0.02% 

Tween 20 and 0.05% Sodium Azide). After two washes with 500μl of PBS-TBN, the 

coupled beads were finally resuspended in 1ml of PBS-TBN. The bead concentration was 
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determined with a hemocytometer, and the C-Ab-beads were stored at 4°C in the dark. 

During the coupling procedure, the beads were protected from the light as much as possible. 

All centrifugation steps were performed at ≥ 8000 × g for 2 minutes. After each wash the 

beads were vortexed at maximum speed for 30 seconds and sonicated for 15 seconds.

The coupling procedure was then validated by incubating the protein-coupled beads with 

serially diluted PE-labeled antibody solutions, ranging from 6.25μg/ml to 200 μg/ml for 1 

hour. The beads were then washed and resuspended in 200μl of BD FACSFlow™ (BD 

Biosciences, San Diego, CA, USA) and acquired on a LSRII flow cytometer (BD 

Biosciences, San Diego, CA, USA) using DIVA software version 8.0.1 (BD Biosciences, 

San Diego, CA, USA), and analyzed with FlowJo version 9.8.2 (Tree Star, Ashland, OR).

2.4. p24 Luminex capture assay

The p24 Luminex capture assay was performed in a flat bottom 96-well plate. The washes 

were performed using an automatic magnetic washer; and the plates were kept from the light 

during incubation. The magnetic beads were diluted in the assay buffer (20mM Tris Hcl 

pH6, 0.1% BSA and 0.05% Tween 20) to a concentration of 60,000 beads/ml and 50μl (3000 

beads) were added in each well. The samples and the p24 standards were lysed by adding a 

10% volume of a 10X lysis solution (10X Triton X-100 and 0.05% Tween 20) for 1 hour at 

37°C, and then diluted in assay buffer. 50μl of the lysed samples or standard were added to 

the magnetic beads and incubated for 1 hour at RT under agitation. The plates were then 

washed twice with 200μl of a wash solution (20mM Tris Hcl pH6 and 0.05% Tween 20) 

using a magnetic microplate washer (ELx405, BioTek, Winooski, VT, USA). 100μl of the 

detection antibody anti-p24 KC57 (Beckman Coulter, Fullerton, CA, USA) was added to 

each well, and the plates were incubated for 1 hour at RT under agitation. The plates were 

washed twice with 200μl of a wash solution. The magnetic beads were resuspended in 100μl 

of assay buffer and agitated for 10 minutes before the analysis. The analysis of the magnetic 

beads was done on a Luminex 100 using the Bioplex manager software version 6.0 (Bio-

Rad, Hercules, CA) and a minimum of 300 beads per well were analyzed.

2.5. Quantitative PCR for HIV-1 Gag RNA

The quantification of HIV-1 Gag by quantitative PCR was performed by extracting HIV-1 

RNA from the viral stocks using the QIAamp viral RNA mini kit (QIAGEN Gmbh, Hilden, 

Germany) per the manufacturer's instruction. The viral RNA was reverse transcribed to 

complementary DNA synthesis (cDNA) using the SuperScript III RT kit (Invitrogen, 

Carlsbad, CA, USA) following the manufacturer's instructions and 5′Primer (5′-AGT TCT 

TCT GAT CCT GT-3′). Number of gag cDNA copies was quantified against dilutions of 

cells engineered to express only 1 copy of HIV gag DNA (8E5 cell line) per cell using 7500 

Real Time PCR System (Applied Biosystems, Foster City, CA, USA). Briefly, duplicate 

PCR reactions at a final volume of 12.5 μl containing 1.25 μl of 10X PCR buffer, 200 μM 

dNTP, 3.5mM MgCl2, 800 nM of primers (Forward primer 5′-TGA CTA GCG GAG GCT 

AGA A-3′, Reverse primer 5′-CTC YCT GCT TGCCCA TA-3′), 1.25 U of Platinum Taq 

DNA Polymerase (Invitrogen Carlsbad, CA, USA), and 2 μl of cDNA was subjected to pre-

amplification using an MJ Research PTC-225 thermal cycler (Bio-Rad Laboratories, 

Hercules, CA, USA). The cycling condition was 94° for 2 min followed by 12 cycles of 95° 
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for 30 sec and 60° for 1 min. A 2 μl aliquot of each pre-amplification products was subjected 

to a Taqman real-time PCR and a reaction mixture contained 1.25 μl of 10X PCR buffer, 200 

μM dNTP, 3.5 mM, MgCl2, 800 nM of primers, 2.5 U of Platinum taq (Invitrogen Carlsbad, 

CA), 0.375μl of ROX reference dye (Invitrogen Carlsbad, CA, USA) and 0.2 pM of probe 

(5′-[6FAM] AAA ATT CGG TTA AGS CCA GGG GGA AAG AA[BHQ1]-3′). The 

cycling condition was 94° for 2 min followed by 45 cycles of 95° for 30 sec and 60° for 1 

min and performed using a 7900HT Fast Real Time PCR System (Applied Biosystems, 

Foster City, CA, USA).

2.6. Statistical analysis

The statistical analyses were done using GraphPad Prism 6. Statistical significance was 

evaluated with a one sample t-test (with theoretical mean = 0) or multiple t-tests. The 

correlation coefficient between HIV-1 RNA copy number and p24 antigen concentration was 

evaluated using the non-parametric Pearson correlation.

3. Results

3.1. Identification and validation of cross-reactive p24 C-Abs

Two mAb directed towards HIV-1 p24, 183-H12-5C and 39/5.4A were selected based on 

their reported ability to react with non-B HIV-1 subtypes (Table 2) (Chauveau et al., 2015; 

Huang et al., 2014); a third candidate, a mix of human HIV immunoglobulins (HIV-IG) 

(NIH AIDS Reagent Program) was also added. In preliminary ELISA tests, all three C-Ab 

were able to detect the protein of six subtypes (A, B, C, D and CRF01_AE and CRF02_AG) 

isolates (data not shown). The three candidates were further evaluated on the Luminex 

platform. Capture beads were generated using the mAb 183-H12-5C (183-beads) and 

39/5.4A (39/5.4A-beads), and the HIV-IG (IG-beads). The clone 4F6 (4F6-beads), 

previously used by Biancotto et al. (Biancotto et al., 2009), served as a control. The 

efficiency of the coupling reactions was validated by mixing the coupled microspheres with 

dilutions of a phycoerythrin (PE)-labeled anti-species IgG detection antibody (ranges from 

6.25-200 μg/ml) and assessed by flow cytometry. The intensity of the fluorescent signal was 

proportional to the amount of detection antibody on the surface of the beads (Figure 1), 

indicating that all coupling procedures were successful. The functionality of the capture 

beads was further assessed by mixing them with serial dilutions of purified p24 protein. The 

fluorescence read by the Luminex is shown in Figure 2. The fluorescence intensity (FI) of 

the 183-beads showed a dose-dependent response comparable to the 4F6-beads. The 

39/5.4A- and IG-beads failure to respond in a dose dependent manner indicated that they did 

not bind to the protein, or that their binding prevented the binding of the detection antibody. 

The clone 183-H12-5C was the only C-Ab that met the criteria for further development.

3.2. Performances of the HIV-1 p24 capture Luminex assay - using an internationalpanel of 
HIV-1 isolates

The p24 capture Luminex assay using the 183-beads (183-beads Luminex) was performed 

on a panel of HIV-1 isolates (Brown et al., 2005) representing 6 major subtypes and 

recombinant forms (A, B, C, D, CRF01_AE and CRF02_AG). Out of 60 isolates from the 

panel, 56 were available for quantification (Table 1). To determine the p24 concentrations, a 
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p24 standard curve (Figure 3) was run in quadruplicate and fitted by a logistic 5-parameter 

regression (R2 = 0.9993, EC= 17,528 pg/ml, Hill slope = 1.14). The broad dynamic range of 

the assay and its reproducibility are shown in Figure 3; the intra-assay variation of the 

quadruplicates and inter- assay of four different experiments gave coefficients of variation 

(CVs) below 6 and 14% respectively. The range of detection ran from 3.7 pg/ml to 30,000 

pg/ml. The quantification of the HIV-1 isolates presented in Figure 4 demonstrates that, with 

no exception, the 56 isolates were detected by the assay (p-value range: <0.0001 -0.0208, 

one sample t-test) with p24 concentrations ranging from 3.2× 102 to 5.1×106 pg/ml. The 

CVs of the samples, run in quadruplicates, were between 0.92 and 29.57%.

To assess the inter-assay variation, three additional independent experiments were carried 

out in duplicate on 30 isolates over a period of six months. The four experiments are 

represented in Figure 5; the CVs measured were between 14.31 and 34.46% (n=10).

3.3. Validation against established HIV-1 quantification methods

The newly developed 183-bead Luminex assay was further compared to three different 

HIV-1 quantification methods: a commercial p24 ELISA kit, broadly used in the field 

(Humeau et al., 2004; Kuroishi et al., 2009); the p24 capture assay described by Biancotto et 
al. (Biancotto et al., 2009) (using the 4F6-beads Luminex); and quantification of viral 

nucleic acid by qPCR.

The p24 ELISA kit was used to evaluate the p24 concentration of the 56 isolates. As shown 

in Figure 6 by the shift observed along the x-axis, the 183-bead Luminex was more sensitive 

for 51 isolates: the concentrations ranged from 1.3- to 11.9-fold higher than the 

concentrations measured with the ELISA kit. With the caveat that the ELISA assay was 

more sensitive with subtype A viruses, exceptions were found for 5 isolates (Figure 6, empty 

circle): subtype A (A-) 00KE_KER2018, A-00KE_KNH1209, A-00KE_KSM4030, 

A-99KE_KNH1135 and AG-01CM_0008BBY; although a higher sensitivity was observed 

with the ELISA for these isolates, they were still detected by the 183-bead Luminex assay 

(Figure 4). In addition, twelve isolates from the panel were tested with the 4F6-bead 

Luminex assay as well (Figure 7 and Table 3). Since mAb 4F6 was isolated from a subtype 

B patient (company data sheet), the detection of p24 for subtypes B and D 

(B-90TH_BK132, B-90US_873, D-00KE_NKU3006 and D-99UG_A03349M1) was found 

more sensitive and the concentration significantly higher with the 4F6-beads Luminex 

compared to the ELISA kit (p<0.0001). However, the concentrations measured for the other 

non-B isolates using the 4F6-beads Luminex assay were significantly lower than the 

concentration measured by the commercial ELISA kit (p<0.0025) (Table 3). A direct 

comparison of both Luminex assays (Figure 7 and Table 3) showed that the detection of p24 

was more sensitive and the concentration significantly higher (p<0.0001) when using the 

183-beads for all isolates tested except for one (D-00KE_NKU3006) for which the 

concentration was similar (p=0.034). Finally, 30 isolates were quantified by quantitative 

PCR as a standard method to monitor in vitro HIV-1 replication (Schupbach, 2003; Stefan et 

al., 2003) and compared to the 183-beads Luminex assay a significant correlation of HIV-1 

RNA and p24 antigen was found (R = 0.92, p<0.0001).
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4. Discussion

The assay developed by Biancotto et al. (Biancotto et al., 2009) using mAb 4F6 as a C-Ab 

has demonstrated a great ability to measure concentrations of HIV-1 belonging to B subtypes 

(Balzarini et al., 2013; Introini et al., 2013; Merbah et al., 2012; Parrish et al., 2013; Saba et 

al., 2010; Vanpouille et al., 2012); however, its capacity to measure p24 from multiple non-B 

samples was more limited and opened the door for an assay using a more universal C-Ab. 

Biancotto et al. have established the multiple benefits of using a p24 capture Luminex assay: 

lower cost, a broad dynamic range, and high sensitivity. Additionally, the multitasking flow 

cytometry platform provides also an opportunity to multiplex with up to 499 additional 

analytes using 50μl of sample. A major obstacle in developing a universal HIV-1 p24 

Luminex assay lies in the fact that a majority of available anti-p24 mAbs were isolated from 

patients infected with HIV-1 subtype B. In this study, the limitation of using subtype B-

derived antibodies was mitigated by screening the literature for cross-reactive antibodies 

available in the public domain. The three Abs selected here were evaluated for multi-subtype 

detection. All three Abs (two mAbs (clones 39/5.4A and 183-H12-5C) and HIV-IG) were 

able to detect p24 from subtypes A, B, C, D and CRF01_AE and CRF02_AG by ELISA, but 

only the clone 183-H12-5C was able to bind p24 protein using the Luminex assay. One 

possible explanation for the differences observed in binding affinity is the change of 

antibody structure after coupling to the beads. This coupling procedure is achieved via 

carbodiimide reactions involving the primary amino groups on the antibodies, located on 

lysine residues and the N-terminus of each polypeptide chain, and the carboxyl functional 

groups on the bead surface. Therefore, the orientation of the antibody as well as the 

availability of the antigen-binding site cannot be controlled during the coupling procedure. 

This could explain why these antibodies did not detect p24 once coupled to the beads. The 

p24 Luminex capture assay using the clone 183-H12-5C was able to detect and measure the 

p24 concentration of the 56 isolates from the international HIV-1 panel (Brown et al., 2005) 

representing subtypes A, B, C, D, CRF01_AE and CRF02_AG. In a direct comparison, 91% 

of the isolates tested with the Luminex capture assay outperformed the commercial p24 

ELISA kit; reduced sensitivity was observed in four out of nine subtype A, and one out of 

ten CRF02_AG isolates. The gag gene coding for p24 of CRF02_AG belongs to HIV-1 

subtype A that is the most diverse among HIV-1 subtypes. Hence, it is possible that 183-

H12-5C which was subtype B derived antibody does not fully bind to all of the subtype A 

lineages. The variations within the gag gene and consequently within p24 from different 

clades explain the difference in sensitivity

Furthermore, the 183 bead p24 Luminex capture assay successfully detected HIV-1 p24 

antigen from viral stocks, the supernatants of cultured, HIV-infected cells (cell lines, 

PBMCs, macrophages) as well as supernatant from CRF01_AE infected human tissue 

explants which requires a highly sensitive assay due to the low level of viral replication. The 

sensitivity of this assay may be improved in the future by decreasing the number of beads 

per well as shown by Biancotto et al. (Biancotto et al., 2009).

The focus of much of the world's vaccine studies and HIV-1 research is located in areas 

where non-B subtypes are prevalent. It is crucial to generate assays that combine low cost 

and broad reactivity across subtypes. With the added benefit of multiplexing, and 
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conservation of sample, the p24 Luminex capture assay presented here offers a valuable and 

timely new tool for the field.
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Abbreviations

C-Ab capture antibody

FI fluorescence intensity

HIV-IG mix of human HIV immunoglobulins derived from pooled 

plasma of asymptomatic HIV-positive donors

IG-beads beads coated with capture HIV-IG

mAb monoclonal antibody

183-beads beads coated with the anti-p24 capture monoclonal 

antibody clone 183-H12-5C

39/5.4A-beads beads coated with the anti-p24 capture monoclonal 

antibody clone 39/5.4A

4F6-beads beads coated with the anti-p24 capture monoclonal 

antibody clone 4F6
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Highlights

• Identified a cross-reactive antibody to p24 of HIV-1 main subtypes and 2 

CRFs.

• Developed a p24 Luminex capture assay and tested against 56 HIV-1 isolates.

• Compared the performance of the assay with other quantitative methods.

• The assay is highly sensitive with the limit of detection at 3.7pg/ml.

• Successfully tested to detect virus production in tissue culture supernatant.
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Figure 1. 
Validation of the coupling reaction by flow cytometry. The different coupled microspheres 

(183-beads, empty circles; 39/5.4A-beads, empty squares; IG-beads, empty diamonds and 

4F6-beads, empty triangles) were mixed with serial dilutions of PE-labeled detection 

antibody (6.25-200μg/ml) and assessed by flow cytometry. The graph represents the 

fluorescence intensity depending on the amount of detection antibody.

Merbah et al. Page 12

J Virol Methods. Author manuscript; available in PMC 2018 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Validation of the functionality of the capture antibodies post coupling. The capture 

microspheres (183-beads, empty circles; 39/5.4A-beads, empty squares; IG-beads, empty 

diamonds and 4F6-beads, empty triangles) were mixed with serial dilutions of purified p24 

protein, the binding was revealed by PE-labeled anti-p24 and read by Luminex. The graph 

represents standard curves fitted by a logistic 5P regression using Prism6.
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Figure 3. 
p24 standard curve using the clone 183-H12-5C. The graph represents the mean 

fluorescence intensity of a standard curve run in quadruplicate fitted by a logistic 5P 

regression using Prism6, with R2=0.9993. The CV of the data is indicated below each data 

point..
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Figure 4. 
p24 capture Luminex assay of the 56 isolates representing 6 HIV-1 subtypes. The graph 

represents the mean concentration (in pg/ml) of each sample ran in quadruplicate. The error 

bars represent the SEM (Standard Error of the Mean).
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Figure 5. 
Inter-assay variation. p24 capture Luminex assay of the 30 isolates representing 6 HIV-1 

subtypes. The graph represents the mean concentrations (in pg/ml) of 30 isolates run in 

duplicates in four idependant experiments carried out over a period of time of several 

months. The error bars represent the SEM.
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Figure 6. 
Comparison of p24 concentration of the 56 HIV-1 isolates between the capture Luminex 

assay and the commercial ELISA kit. The concentrations are expressed in pg/ml. The empty 

circles represent the isolates for which the commercial ELISA kit measured higher p24 

concentration than the Luminex capture assay.
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Figure 7. 
p24 capture Luminex assay using anti-p24gag HIV-1 mAb clone 4F6 (full circles), clone 

183-H12-5C (empty circles)and ELISA kit (empty squares). The graph represents the p24 

titration (in pg/ml) of 12 HIV-1 virus isolates representing six different subtypes (A, B, C, D, 

CRF01_AE, CRF01_AG).
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Table 1
List of the 56 isolates belonging to the 6 different subtypes

A

00KE_KER2008

00KE_KER2018

00KE_KNH1144

00KE_KNH1207

00KE KNH1209

00KE KSM4030

92UG_029

99KE_KNH1088

99KE_KNH1135

B

84US_MNp

85US_Ba-L

89BZ_167

90TH_BK132

90US_873

91US-1

91US-4

92FR_BX08

94US_33931N

96TH_NP1538

C

00TZ_A125

00TZ_A246

02ET_14

02ET 288

89SM 145

90SE_364

93MW 965

94IN_20635-4

98US_MSC5016

D

00KE_NKU3006

00UG_E08364M4

00UG E13613M4

93UG_065

98UG 57128

99UG_A03349M1

99UG_A07412M1

99UG_A08483M1

CRF01_AE

90TH_CM235

90TH_CM240

90TH CM244

96TH_M02138
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96TH_NI1046

96TH_NI1149

97TH NP1525

97TH_NP1695

98TH_NP1251

99TH_NI1052

CRF02_AG

01CM_0005BBY

01CM_0008BBY

01CM_1475MV

01CM_CAM0002BBY

02CM_0013BBY

02CM_0014BBY

02CM_0015BBY

02CM_1970LE

91DJ_263

98US_MSC5007
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Table 2
Capture antibodies references and description

Capture antibodies Manufacturer and catalog 
number

Description

mAb anti-p24 clone 4F6 ImmunoDX, Woburn, MA, USA 
Catalog #1103

Mouse IgG monoclonal antibody to a linear epitope (manufacturer's 
communication) of HIV-1 p24; cross-reactivity with HIV-1 subtypes B, 
C and E (manufacturer's communication).

mAb anti-p24 clone 183-
H12-5C

NIH AIDS Reagent Program, 
Bethesda, MD, USA Catalog 
#3537

Mouse IgG1κ monoclonal antibody to an unmapped epitope of HIV 
p24; cross-reactivity with HIV-1, HIV-2 (Chauveau et al., 2015) and 
SIV p27. Selection criteria: able to detect CRF07_BC (Huang et al., 
2014).

mAb anti-p24 clone 39/5.4A Abcam, Cambridge, MA, USA 
Catalog #ab9071

Mouse IgG1 monoclonal antibody to HIV p24 -mapping information 
non available. Selection criteria: known to react with HIV-1 subtypes A 
to H (manufacturer's communication).

HIV-IG NIH AIDS Reagent Program, 
Bethesda, MD, USA Catalog 
#3957

Human immunoglobulin. Derived from pooled plasma of asymptomatic 
HIV-positive donors selected for high titer p24 antibody.
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