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BACKGROUND
The accurate diagnosis of human immunodeficiency virus (HIV) infection 
depends on the ability to detect diverse HIV strains, including HIV-1 group M 
subtypes and circulating recombinant forms, HIV-1 group O, and HIV-2. For 
reliable HIV detection, HIV combo assays that target both p24 antigen and HIV-
specific antibodies are recommended. Diagnostic performance is predominantly 
determined by the specificity and sensitivity of p24-specific antibodies and the 
selection of proper HIV antigens.

AIM
This study aimed to develop high-performance HIV combo assay prototypes for 
the accurate detection of HIV infection across global HIV strains.  

METHODS
•	Recombinant p24 proteins of HIV-1 M and O groups, and HIV-2 were 

expressed in E. coli, purified using affinity chromatography, and used for the 
immunization of animals as well as for monoclonal antibody screening.  All p24 
proteins contained a His-tag for affinity purification.

•	Hybridoma and heterohybridoma technologies were used for monoclonal and 
recombinant antibody development. Mouse hybridomas were produced in vivo 
(GA12, GA17), full-size rabbit recombinant antibodies (GA34, GA38), and 
a chimeric recombinant antibody consisting of rat IgG variable domains and 
human IgG1 constant domain (GA54) was produced in a mammalian cell line. 

•	Recombinant gp41, gp36, and gp120 proteins and their fragments (for HIV-
1/2 antibody detection) were expressed in a mammalian cell line. A gp41-gp120 
fusion protein was produced in both a mammalian cell line and E. coli. All HIV 
proteins contained tag-partners to facilitate solubility and His-tag for further 
purification (see Table 1). To cover the maximal genetic diversity of recombinant 
HIV proteins for HIV-1 gp41 group M protein, the most common fragments 
for different gp41 strains of group M were used for protein engineering. The 
same approach was used for engineering gp120 V3 and gp36. 

•	All p24-specific antibodies and recombinant HIV proteins were evaluated via 
sandwich chemiluminescent particle-based immunoassays (CLIA platform), in 
which detection antibodies/antigens were labelled with alkaline phosphatase, 
while solid-phase antibodies/antigens were immobilized on magnetic beads. 
AMPPD served as a chemiluminescent substrate. Schemes of the sandwich 
particle-based HIV Ag (A), HIV Ab (B), and HIV Ag/Ab (C) immunoassays are 
presented in Figure 1.   

Table 1. Product names and expression systems for recombinant HIV proteins.

CONCLUSIONS
•	Sensitivity analysis on the CLIA platform using the WHO HIV-1 p24 

international standard (NIBSC code: 90/636) indicated that assay 
prototypes utilizing newly developed antibodies are able to achieve an 
analytical sensitivity of 0.5–0.64 IU/mL, which exceeds the requirements (≤ 
2 IU/mL), set by the EU IVDR Class D regulations.  

•	The newly developed HIV antigen assay prototypes enabled the detection of 
HIV infection with high sensitivity and specificity.    

•	Using recombinant HIV proteins expressed in mammalian cells and E. coli, 
unique combinations of antigens and their forms were developed to cover 
the diversity of measured antibodies, while ensuring a minimal level of false-
positive results. 

•	The newly developed HIV Combo assay prototypes demonstrated 
outstanding analytical performance (sensitivity for both assays was 100%, 
while specificity was 99.93% and 99.91%, respectively). This enabled the 
accurate determination of true HIV infection across diverse viral strains. 
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Product name Tag-partners Expression system

HIV-1, gp120-gp41 N-Trx, rec Thioredoxin, His10 Bacterial cells

HIV-1, gp41-gp120 N-Fc, rec Fc-fragment of human IgG1

 
 
 

Mammalian cells

HIV-1, gp41 N-HSA, rec Human serum albumin and His10

HIV-1, gp120 C-Fc, rec Fc-fragment of human IgG1

HIV-2, gp36 N-HSA, rec Human serum albumin and His10

HIV-2, gp36 C-TnC, rec Human troponin C and His10

Figure 1. The scheme of the sandwich 
chemiluminescent particle-based HIV antigen 
(A), HIV antibody (B), and HIV Ag/Ab 
immunoassays (C) (CLIA platform).
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RESULTS
P24-specific antibodies
Antibodies that recognize three recombinant p24 proteins (HIV-1 p24_M, p24_O, 
and HIV-2 p26) with equal efficiency were selected for the development of HIV 
antigen assay prototypes. The selected HIV antigen assay prototypes recognized 
three p24 variants and viral p24 in the blood of infected patients; detected p24 
with LoDs of 0.5-0.65 IU/mL (WHO International Standard, NIBSC code: 
90/636), which exceeds the requirements (≤ 2 IU/mL) set by the EU IVDR Class 
D regulations (1); recognized the following HIV-1 M/O p24 genotypes: A1, B, C, 
D, F1/CRF12_BF/BF rec, G, CRF20_BG, CRF01_AE, CRF02_AG, H, group 
O, and HIV-2 p26 (WHO Reference panels, NIBSC codes: 16/210 and 16/236, 
respectively) and demonstrated high specificity (>99.5%) with patient samples.
Details of the antibody combinations used for the assay development, using a 
CLIA platform and their corresponding LoD data are summarized in Table 2.     

Using the above-described combinations of p24 antigen and HIV antibody assay 
prototypes, two HIV combo assay prototypes were constructed and evaluated on 
a CLIA platform. An HIV combo assay implies the use of an HIV p24 antigen 
assay, an HIV-1 antibody assay, and an HIV-2 antibody assay. 

The scheme of the HIV Ag/Ab Combo assay in the two-site sandwich format 
is presented in Figure 1C. Both of the developed Combo assay prototypes 
were able to detect the following tested genotypes: A, B, C, C/CRF_BC, C/
CRF08_BC, C/CRF31_BC, CRF_BG, CRF01_AE, CRF02_AG, CRF03_AB, 
CRF22_01A1, D, F2, and G.  

Across 4,272 clinical samples with a variety of disease statuses, including 
interference samples, both HIV Combo assay prototypes showed 100% sensitivity, 
while the specificity of the HIV Combo assay prototype 1 and HIV Combo assay 
prototype 2 was 99.93% and 99.91%, respectively (see Table 4).   

Capture 
MAb 

Detection 
MAb 

LoD of WHO 
international 

standard p24, IU/ml

LoD of HIV1 
p24_M, pg/ml

LoD of HIV1 
p24_O, pg/ml

LoD of HIV-2 p26, 
pg/ml

GA17 GA54 0.55 4 1.5 15

GA17 GA12 0.64 2 2 8

GA17 GA38 0.55 1.5 1.5 8

GA34 GA54 0.5 2 1.5 20

GA38 GA54 0.55 4 1.5 20

Abbott Alinity HIV Ag/
Ab combo reagent kit 1.0 5 4 not detected when 

HIV-2 p26 is 1 ng/ml

Roche CombiPT HIV 
reagent kit 1.3 5 6 20

Table 2. LoDs for several HIV p24 antigen assay prototypes.
Calibrators: WHO HIV-1 p24 international standard material (NIBSC code: 90/636), HIV-1 p24 (group M) 
antigen, HIV-1 p24 (group O) antigen, and HIV-2 p26 antigen (in-house).
The recommended assay prototypes exhibited a higher analytical sensitivity for HIV-1 p24 and HIV-2 p26 proteins 
than the Abbott and Roche assays.

HIV proteins
Recombinant HIV proteins were tested using clinical blood samples and 
confirmed to be reactive with the corresponding HIV-positive samples of a specific 
type or group. For HIV-1 and HIV-2 antibody detection in the blood of patients, 
optimized two-site antigen combinations were evaluated in testing with clinical 
samples, containing common interfering substances (see Table 3). For HIV-1 
antibody detection, two distinct two-site antigen combinations were screened. 
Both combinations showed 100% sensitivity, with specificities of 99.83% (n=5901) 
and 99.86% (n=2957), respectively. For HIV-2 antibody detection, another two 
two-site antigen combinations were evaluated. Both achieved 100% sensitivity and 
100% specificity (n=1638 and n=6683). 

Table 3. Specificity evaluation of two HIV-1 and two HIV-2 antibody assay prototypes. 

HIV-1 antibody assay prototype HIV-2 antibody assay  
prototype

Particle Antigen gp120-gp41 
N-Trx

gp120-gp41 
N-Trx gp36 N-HSA gp36 C-TnC

Conjugate Antigen gp41-gp120 N-Fc gp41 N-HSA gp36 C-TnC gp36 N-HSA

Interference sample number 305 305 268 78

Number of false-reactive results 1 4 0 0

Number of samples tested 2957 5901 6683 1638

Number of false-reactive results 4 10 0 0

Specificity (%) 99.86 99.83 100 100

Assay HIV Combo assay 1 HIV Combo assay 2

HIV-1 antibody assay gp120-gp41 N-Trx - 
gp41 N-HSA 

gp120-gp41 N-Trx - 
gp41-gp120 N-Fc

HIV-2 antibody assay gp36 N-HSA - gp36 
C-TnC

gp36 N-HSA - gp36 
C-TnC

p24 antigen assay GA17- GA12 GA17- GA54

Number of samples tested 4272 4272

Number of false-reactive results 3 4

Specificity (%) 99.93 99.91

Table 4. Specificity evaluation of HIV Ag/Ab assay prototypes.


